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| The accuracy and ae | 
of Negretti and Zambra instruments |, 

for the measurement and control of | i 
! The value pressure are the result of many 








of experience 
‘in the pressure 
measurement 


field 


AEGHRETTI 


The name that means precision all over the ‘world 





years' experience and the closest 
co-operation with the scientists and 
industries who use them. 
Hence the supremacy of Negretti "E 
and Zambra instruments 1n the field 
of pressure measurement as in 

many others 





Send foi publication G45, post-free on request 


Manufacturers of instruments for 
the indication, recording and 
controlling of temperature, pressure, 


liquid level, volume, specific gravity, |, 


humidity, ete Meteorological 
and Aircraft Instruments. 


& ZAMBRA 


Factories at Barnsbury, London, N 1, 
Aylesbury, Bucks, Chobham Surrey 

Head Office 122 Regent Street, London, W 1 
Telephone REGent 3406 

Branches at Birmingham Cardifi, Glasgow, 
Manchester, Leeds, Nottingham 

Agents o! subsidiaries in ell mayor countries 
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The production of pure and adherent thin films usually relies upon perfect 
cleanmg of the substrate before evaporation Whilst it 1s normal to 
clean base matenals m a glow discharge, a recent major development im 
the Edwards vacuum coating laboratones has shown that the cleaning 
effect 1s promoted by positive ion bombardment. By shielding the cathode 
electrode, contammation cansed by breakdown of organic vapours under 
electron bombardment 1s prevented 

“Speedivac”? vacuum coating units now incorporate entirely new and novel 
electrode arrangements designed for use m kinetic vacuum systems where 
traces of organic vapours are invariably present 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND 





MUREX ‘SINCOMAX’ PERMANENT MAGNETS 
lare used in this CROMPTON PARKINSON 
/ 120° MOVING COIL 9? 
GALVANOMETER , 









The use of the 'Sincomax' technique in 
producing this co-axial magnet enables the 
120° arc to be obtained easily The com- 
bining of the soft iron and magnetic 
material provides a stable, high energy 
product in small volume. 

For technical information on the design, 
performance and characteristics of Murex 
Permanent Magnets write for a copy of the 
Magnet Catalogue. 





M UREX LIMITED (Powder Metallurgy Division) 5 | d 


RAINHAM * ESSEX : Telephone Rainham, Essex 3322 


Telex 28632 Telegrams Murex, Ratnham-Dagenham Telex Photograph by courtesy of 


London Office. CENTRAL HOUSE, UPPER WOBURN PLACE, WC1  EUSton 8265 SISHIpINT Parkison ktd 
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Quantitative | 
Infrared Intensity 
Measurements 

to (1^ accuracy! 


An account has appeared of a procedure* by 
which the Unicam SP 100 Infrared Spectrometer 
(standard single prism monochromator) can be 
adjusted to give routine intensity measurements 
to an accuracy of 01% transmission The 
description shows that this accuracy !s main- 
tained to at least 2 per cent transmission levels 
Reliable results to this degree of accuracy are 
particularly important to the analytical chemist 
concerned with precise quantitative measure- 
ments The exceptional photometric accuracy 
of the Unicam SP 100 makes possible this high 
performance over the whole range of infrared 
work With the SP 130 Grating accessory, 
accurate intensity measurements at high resolu- 
tion become a routine procedure 


*Spectrovision No 6 
MA————M————— 


Mixture of as; y-PICOLINE and 2 6 LUTIDINE 
(15 49 mg/g) 
Absorption peaks 
A y- PICOLINE (792 cm-!) 
B @ - PICOLINE (781 cm-!) 
: C 2,6-LUTIDINE (768 cm-!) 
D c - PICOLINE (746 cm-!) 


This spectrum, taken in a 028 mm cell with. cyclohexane 
solvent using single monochromator (rocksalt optics), 1s 


typical of those being used regularly for high-accuraG2" 


intensity measurements in the analytical laboratories of 
The Midland Tar Distillers Ltd (to whom grateful acknow- 
ledgement is made) 





SP. 100 Infrared Spectrometer 


UNICAM 


UNICAM INSTRUMENTS Ltd , Arbury Works, Cambridge 
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The Unicam S 150 High Temperature Powder Camera 
makes possible the study of material by X-ray diffraction 
photography at all temperatures up to 1400°C 

The camera 1s suitable for capillary or fibre specimens 
rotated as for normal Debye-Scherrer cameras, and for 
small block specimens, which may be scanned vertically 
and oscillated for glancing-angle and back-reflection 
photographs 

The instrument ıs fully described in an illustrated $ 
brochure, which will be sent free of charge on request Ee» cu ‘ 
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UNICAM INSTRUMENTS LTD, ARBURY WORKS, CAMBRIDGE 
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microbiological reagents and medía 


Bacto- Dehydrated Media for Microbiological Assay of 
VITAMINS and AMINO ACIDS 
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vitamin or amino acid content of the matezial under assay 1s determined by adding appropriate concentrations of the 
SN test substance to the basal medium and comparing the growth response obtained with that of the standard 
m BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-FOLIC ACID ASSAY MEDIUM BACTO-METHIONINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-LYSINE ASSAY MEDIUM 
n BACTO-THIAMIN ASSAY MEDIUM RACIO HOLEN Lacks ELSE E BACTO-ISOLEUCINE ASSAY MEDIUM 
B BACTO-PANTOTHENATE ASSAY MEDIUM — 4 ACTO-CF ASSAY reer aD BACTO-ARGININE ASSAY MEDIUM. 
\\ BACTO-B,, ASSAY MEDIUM USP BACTO-TRYPTOPHANE ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 
n BACTO-CS VITAMIN B,, AGAR BACTO-LEUCINE ASSAY MEDIUM BACTO-CYSTINE ASSAY MEDIUM 
The method employed in carrying stock cultures of BACTO-MICRO ASSAY BACTO-B,, CULTURE e 
i the test organisms and preparing the inoculum for CULTURE AGAR AGAR USP 
microbiological assay 1s important The following BACTO-MICRO INOCULUM BACTO-B,, INOCULUM 
media have been developed especially for carrying BROTH BROTH USP 
stock cultures and for preparation of the inoculum BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO ACIDS, dehydrated, 1s an acid hydrolysate of vitamin-free casein prepared especially 
for laboratories investigating microbiological assay of vitamins 


. 
Over 60 years’ experience assures UNIFORMITY - STABILITY - ECONOMY 


Difeo Laboratories 


Prompt delivery from U K stock Write for Difco Manual and technical leaflets to the sole agents: 


BAIRD & TATLOCK (LONDON) LTD , CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London. Manchester and Glasgoto Agents throughout U K and all over the world 
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Scintillators in 5 forms 


Scintillators m five forms are now available from Nash and Thompson Ltd 


CRYSTALS 
Anthracene, Stilbene, Diphenylacetylene, in discs and cylinders 


PLASTICS e 
N 11 and N 11-X-ray, high sensitivity, high transmission polyvinyl toluene based. 


LIQUIDS 


Ready made, sealed in glass containers to your specification, or as scintipaks 


o] 


SCINTIPAKS 


Accurately mixed dry constituents sealed ın polythene envelopes, ready for 
dissolving in a suitable solvent as required 


POWDERS ‘ 


Scintillation purity chemicals for crystal growing expertments, and the 
manufacture of special scintillators 


wyte or tiptoe fo fut nomenon s NAS BNE T OImpSOR un 


OAKCROFT ROAD CHESSINGTON SURREY ENGLAND ELMBRIDGE 5252 
WHGINT 64 
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GRIFFIN 


Established 1820 


THE BIRTH OF THE - 
STEAMBOAT H. P. Spratt 


An accurate historical account of the ideas, 
experimentation and persistent effort which 








PHOTOGRAPHS ' culminated in the achievement of the steam- 
DRAWINGS boat ome. 150 years ago This work breaks 
MAPS & CHARTS 150 pages 10 plates 28s. net 
NOOK ohare «=f MAN AND THE CHEMICAL 

An account of the successive discovery of the 
FILM STRIPS chemical elements “ written in a plea- 
& SLIDES santly discursive vein, the book has a'sound 


scientific basis and is well documented a 
wealth of apposite chemistry, history, lore and 
anecdote " Nature : 

354 pages 3 plates and numerous illus 30s. 


THE HISTORY OF THE 
TELESCOPE H. C. King 


A notable book in the literature of astronomy, 
since little has begn written tn the past on the 
history of the instrument Exhaustive and 
absorbing, the result of long and patient 
research “Likely to become a classic ” 
Dr J G Porter 

456 pages [96 special illustrations 50s. net 


CHARLES GRIFFIN & COMPANY LIMITED 
44 DRURY LANE WC2 


There is only one answer 
THE VERSATILE 


EPIVISOR 


Regd 


This versatile instrument enables you 

to project greatly enlarged, perfectly 
defined images of flat and solid Objects, as 
well as film strips and slides Full details on 

`> request, together with name of nearest dealer, 
who will be pleased to demonstrate 











NEVILLE BROWN & CO LTD, 77 Newman Street, London. W.i LONDO N 
a7 Ta =< 
: MICROSCOPE: PRECISION INSTRUMENTS 
oT aA WI NG EQUIRMENT 7s ; 
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top "s Jamin Refractometer 


for liquids or gases 
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Average accuracy in measürement of refractive 
index is approximately 0 00000I for gases and 

0 000002 for liquids 
The elimination "of all spring adjustment to the 
> mirrors results in great stability and freedom from 
vibration, Worm wheel gearing actuates the com- 
pensator, Tubes up to 50 cm length can be used 


^ Bellingham & Stanley Ltd. 


DEPT. N, 7! HORNSEY RISE, LONDON, N.i9 
PHONE: ARCHWAY 2270 


i 7 y : 
E iE D Sole distributors in U K for Schott 
) ooke Troughton Simms Monochromatic Interference Filters 


YORK ENGLAND 
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For quality control of metals 


The introduction of pre-determined quantities 
of thorium into tungsten greatly increases the 
emission of radio-valve components and tran- 
sistors It also provides a more stable arc between 
electrical contacts 

But these are only two of the many advantages 
Thoriated tungsten produced by The Tungsten 
Manufacturing Company helps to ensure greater 
reliability and increased performance in many 
fields from the manufacture of simple ignition 
systems for road vehicles to research into the 
control of nuclear reactions 

Strict control over the quality of the thoriated 
tungsten is maintained at all stages of manu- 
facture, and regular checks by photomicrography 
form a major part of this control For this purpose 
The Tungsten Manufacturing Company relies 
on *Kodak' o 250 Plates 





14% thoriated tungsten rod Longitudinal section x 500 o 250 Plate 


0.250 Rapid Ortho Metallographie Plate 


Kodak Limited, Industrial Sales Division, Kodak House, Kirgsway, London, WC 2 





A new and revolutionary range of High 
Vacuum Magnetic or Hand Valves. The 
solderless unions permit of installation on 
existing systems simply by screwing up 
the knurled locking rmg. Alternatively, 
solder-type unions can be supplied. Body 
inleak, plus occluded gases across valye 
Seat under vacuum, better than 0.01 
lusecs Write for full details. 


ES GENEVAC 


Eiko PIGH VACUUM tquipment 




















HAND VALVES 
- TYPE R.AH . 









E RADCLIFFE 
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CHAPMAN & HALL 


* To be published ın September * 
A NEW BOOK FROM JOHN WILEY AND SONS, INC 


HIGH TEMPERATURE MATERIALS 
Edited by 


R F HEHEMANN & G MERVIN AULT 
553 pages Illustrated 140s net 


This book assembles vital information which paves the way for the development of adequate 
high temperature alloys—development upon which the future growth of many phases of 
modern technology depends Based on information presented at a Conference sponsored by 
the High Temperature Alloys Committee, Institute of Metals Division, The Metallurgical 
Society, American Institute of Mining, Metallurgical and Petroleum Engineers, the chapters 
were written by acknowledged experts in the field 


A NEW BOOK FROM REINHOLD PUBLISHING CORPORATION 


STEROIDS 


by 
Lours F FiEsER & Many FIBSER ^ 


962 pages Illustrated 144s net 


37 ESSEX STREET, LONDON, W C2 





PRECISION INSTRUMENTS 


Polarimeter Model A 


This instrument gives the highest degree of accuracy with divided circle on 
Ld P. glass reading to 0-01 degree 





Circle centre on ball bearings. 

Easily removable trough, 

Divided drum replacing verniers 
Stationary observation telescope 

Circle reader enlarging image of scale 
Slow motion adjustment always in action 


Suitable, with additions, for measurement of 
rotatory dispersion 


This polarimeter has been supplied in large numbers 
both in this country and abroad and has always been 
acclaimed as being of advanced design and workman- 
ship 


Bellingham & Stanley Ltd. 


DEPT. N, 71 HORNSEY RISE, LONDON, N19 
PHONE ARCHWAY 2270 


Sole distributors in U K for Schott Monochromatic Interference Filters 
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N DIFCO! microbiological reagents and media 
| g g 

Antisera and Antigens 


b Enteropathogenic Coli | Klebsiella 
E Salmonella Shigella 

N Brucella Leptospira Streptococci 
D " 

E C Protein Antiserum and Standard 

d Infectious Mononucleosis Antigens and Standards 
- Over 60 years’ experience assures UNIFORMITY - STABILITY - ECONOMY 


n ; PN: 
- Difco Laboratories 
e Prompt delivery from U K stock Write for Difco Manual and technical leaflets to the sole agents 


~ BAIRD & TATLOCK (LONDON) LTD , CHADWELL HEATH, ESSEX, ENGLAND 
N Brancher ın London, Manchester and Glasgow Agents throughout U K and all over the world 





TAS/DO 9 


A NEW INSTRUMENT BY NASH AND THOMPSON 


. THE SEROLOGICAL DISPENSER 


This automatic dispenser for multiple 
titrations was developed at the Lister 
Institute of Preventive Medicine for 
routine serological investigations The 









12 titrations ın a single operation with 
even less manipulation than required fora 
single test by conventional technique 


Volume range 0 01 ml to 1 0 ml 

Automatic loading of up to 12 prpettes 
Simultaneous dispensing from all ppettes 
Accuracy better than that obtamable 

using Grade ‘B’ British Standard serological 
volumetric glassware 


* x * & 


$ The instrument has possible applications in micro-chemistry 
and micro-biology For further information write to 


Nash and Thompson 


LIMITED 


OAKCROFT ROAD CHESSINGTON SURREY ELMBRIDGE 5252 


WHGINT 68 
. 


apparatus allows the performance of upto . 
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MULTIMINOR 


| 


l 


Tas splendid AVO 
Instrument has been developed 
to meet a definite demand 
for a sturdy pocket-size 
mult-range test meter at a 
modest price, suitable for use 
on modern electrome appar- 
atus as well as for radio and 
television receivers, motor veh- 
cles, and all kinds of domestic 
appliances and workshop equip- 
ment. 


Readings are obtainable quickly 
and easily on a very open 
scale, and range selection is 
by means of a robust clearly 
marked rotary switch of the 
characteristic AvoMeter type 
Measurements of A.C and 
D.C. Voltage, D.C. Current, 
and Resistance are made by 
means of only two connection 
Sockets. 


Write for free illustrated leaftet 


Designed and Manufactured by 


AVO 


AVOCET HOUSE 92-98 VAUXHALL BRIDGE ROAD : LONDON: S.W 1 
Telephone ViCtogra 3404 (12 lines) 





A pocket-size instrument for 
the Laboratory worker 





GRIFFIN 


Established in 1820 


VIBRATION 


ENGINEERING 
W. KER WILSON, 


D.Sc., Ph D., MI. Mech.E. 
Chief Research Engineer, De Havilland Engine Company 































A new work, by a leading authority, on prob- 
lems of vibration. and vibration isolation, 
giving a thorough exposition of principles and 
practical methods of solution Due account is 
taken of the assistance available from cal- 
culators and from digital computing equip- 


ment 
292 pages, 10 in x7} ın 52 illustrations 32 
tables 90s net 


ELECTRIC MELTING AND 
SMELTING PRACTICE 


A. G. E, ROBIETTE, D.Sc., F.l.M. 


Consulting Metallurgical Engineer 


A standard work on electric melting tech- 
niques , including arc, normal-frequency, 
high-frequency, and resistor furnaces—and 
presenting a f@ll account of ferro-alloy and 
non-ferrous practices Small-scale and lab. 
type equipment are covered 


348 pages, I0 in. x 6 in. 12] illustrations 50s, net 


19 RANGES 





D C. Voltage A.C. Voltage 
0— 100mv O— I0V, CHARLES GRIFFIN & COMPANY LIMITED 
0— 25V 0— 25V 
do V o oy 42 DRURY LANE WC2 
0— 25 V 0— 25 
0-15 V. 01600 LONDON 
O— 25 
0—1000 V 
D C Current 
acne 
— m. 
Resistance 0— 10mA INSTRUMENTS 
O— 20,0009) O0—[00mA P REC l SI O N 
0—2 MQ 0o— | A 
Sensitivity 


10,000 ohms per volt on DC 
voltage ranges 
1,000 ohms per volt on AC 
voltage ranges, 


Simple Type 


Accuracy 


On DC 3% of full scale value 
On A C 4% of full scale value 


To meet special requirements, 
instruments can be supplied to a 
hugher degree of accuracy for a 
small additional charge 


Pocket Size 58 x 3§ x 1B inches 
Weight | [b approx This instrument is supplied 
at £35 complete with a 60* 
prism of dense flint glass, and 
IS suitable for use also as a 
goniometer or refracto- 


meter by the 60° method 


If desired a camera, con- 
stant deviation prism 
and Gauss eyepiece can 
be supplied at extra 
cost 


List Price 


Qin. 


complete with Test Leads and Clips 
Leather Case if required 32/6 


Bellingham & Stanley Ltd. 


DEPT N, 71 HORNSEY RISE, LONDON, N I9 
PHONE ARCHWAY 2270 
Sole Distributors in U K for Schott Monochromatic Interference Filters 


Ltd. 
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Two new ‘Kodak’ 


recording papers 


| 
| RP.12 for records in seconds 
l 
| RP.35 for 50% more paper 


Recent improvements m the design of recording equipment have done much to 
speed the supply of vital information to research engineers Keeping pace with 


these improvements, Kodak have introduced two new photographic materials 


that greatly increase the usefulness of recording instruments They are 


‘Kodak’ RP.35 High-Speed Thin-Base 
Recording Paper, 


which combines the excellent photographic charac- 
teristics of ‘Kodak’ RP 30 paper with a thinner base, 
allowing 50% more paper to be loaded into the 
recording instrument 


‘Kodak’ RP.12 Print-Out Recording Paper, 


which produces a visible image in a few seconds, 
without processing 


Full details of these new recording 
materials will be sent on request 


Kodak L l M | T E D Dept 201, Kodak House, Kingsway, London, W C 2 


‘Kodak’ ıs a registered trade-mark 





WHERE ONLY THE BEST 
IS GOOD ENOUGH 





THEY USE 
ISOTOPE HANDLING TOOLS 
AND 
NUCLEAR INSTRUMENTS 
FROM 


GENERAL RADIOLOGICAL LTD. 
Nuclear Engineering. Division 

15/58 CLIPSTONE STREET, LONDON, W.1 

Telephone. MUS 3121 Tglegrams Equispital Wesdo London 








WM. DAWSON & SONS LTD. 


ANTIQUARIAN SCIENTIFIC 
PERIODICALS & BOOKS 


Complete libraries purchased 


16 PALL MALL * LONDON * S.W.1 
is the Registered Trade Mark of 


"GURR'S" GEORGE T. GURR, LTD. 


Since 1915 “GURR’S” brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous 


If you want this world-famous brand, specify "GURR'S" 
and refuse any other 
Ask for catalogue F8 
GEORGE T. GURR LTD. 
136-138 NEW KINGS ROAD, LONDON, S.W.6 


Ground Silica Cones and Sockets 
Ball and Socket Silica Joints 
and 
Silica High-Vac Taps 


are ex-stock from the Silica workers: 


JENCONS (Scientific) LTD. 


MARK ROAD, HEMEL HEMPSTEAD, HERTS. 
Telephone BOXMOOR 4641/2/3 


APPARATUS MADE TO YOUR OWN DESIGN IN SILICA 














- 


— 


NATURE 


No 4688 SATURDAY, SEPTEMBER 5, 1959 Vol. 


CONTENTS 


Tus Stupy or Man 


Tye IMPORTANCE or BEING Human By the Very Rev W R Matthews, 
KCVO . . 


T H Hvuxuzy By Lord James of Rusholme 

Stars AND Men By Dr W L Sumner 

Astropuysios By Piof R O Redman, FRS 

ELECTRONICS IN Brotoey By W J Perkins 

History or Tecunotocy By Dr Leonard Carmichael 

Tae Wistar INSTITUTE OF ANATOMY AND Bronoey, PminADELPHIA By 
Dr R E Billingham and Dr H Koprowski 

THE AUSTRALIAN ACADEMY OF SCIENCE 

Malm, AN INDUSTRIAL RzsEAROH Reactor By Dr T E Alhbone, FR S 

Tug Sr. LAWRENCE SEAWAY AND PowzRg PnorEOTS GEOGRAPHICAL 
Backerounp By Prof T L Hills 

News AND VIEWS 


Tur WATER POLLUTION RESEARCH LABORATORY 


WATER SUPPLY AND DEMAND IN Great Brirarn By Prof W G V 
Balchın 


Ten Years or Erconomics By Alec Rodger 

DISTRIBUTION OF SCIENTIFIC PUBLICATIONS IN UNDER-DEVELOPED COUNTRIES 
MarrmG VEGETATION By Dr A E Apmis 

BIOLOGICAL Fipggs By H J Woods 

THE SMITHSONIAN INSTITUTION 


' Erreor or Nrrrous Acrp on To2Acco Mosaic VIRUS MUTATION OR SELEC- 
TIoNn? By F C Bawden, FRS 


CHARACTERS ASSOCIATED WITH PARASITISM IN GRAM-POSITIVE BACTERIA By 
Dr K A Bisset 


DEVELOPMENT OF Trypanosoma vivax TO THE INFECTIVE STAGE IN TSETSE 
Fuy Tissuz Cunrugg By Dr Wilham Trager 


BRITISH ASSOCIATION MEETING IN YORK 


PRESIDENTIAL ADDRESS Tae Proper Srupy or MawxiwDp 1s Man By 
Sir James Gray, CBE, F RS . 


SUMMARIES OF ADDRESSES OF PRESIDENTS .OF SECTIONS . 


Cv HR ww bd bv 


30 


35 
41 


(Continued overleaf) 


' 
i -~ NATURE 





M 


PR 





SP.700 Recording Spectrophotometer 186m,-3-6, 


First production models of the new Unicam SP.700 
Recording Spectrophotometer have now been installed 

` and are ın daily use. To the busy analytical laboratory 
that depends upon spectroscopic methods—ultraviolet, 
visible or near infrared—the SP.700 offers new standards 
of speed and flexibility with performance of the highest 
order. The instrument 1s well-suited to specialist 
techniques calling for the highest levels of precision and 
stability—e.g reaction studies at fixed frequency. 


Please write for further details 


UNICAM 


UNICAM INSTRUMENTS LIMITED . ARBURY WORKS . CAMBRIDGE 


"CN CMM CE M CL e c E MM 
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FUNDAMENTAL RESEARCH IN BRITAIN 


T 1s well known that there has for some time been 

a serious conflict of opmion as to whether Britain 
should undertake a programme of space research 
Such a project has been strongly supported by some 
scientists and, as would appear from the tenor of 
his replies to questions on the subject in the House of 
Commons, 1s also favoured by the Minister of Supply 
Other scientists, however, are doubtful as to Britain’s 
ability to spend sufficient resources on such @ project 
to obtam a worth-while return without adverse 
effects on our scientific effort m other fields It has 
also been manifest from comments in the House of 
Commons that there 1s a strong body of opinion 
decidedly opposed to Britam entermg on any such 
project ineiely because Russian and American 
Scientists have done so, without the most careful 
consideration both of the probable return and the 
hkely effect on our research effort elsewhere 

The progamme disclosed m the Prime Minister’s 
statement m the House of Commons on May 12 seems 
unhkely to alarm those concerned about ıts effect on 
research effort generally Mr Macmillan said speci- 
fically that, while he could not give any figure for the 
cost of using a British rocket should 16 be decided to 
do so, all we are now domg ıs to spend a substantial 
but modest sum—hundreds of thousands of pounds 
rather than mulhons—first, for the design of the 
instruments, and secondly, for making the necessary 
designs for modifications of the American rocket, 
should ıt be decided when the time comes to use that 
vehicle Mr Macmullan said that he had asked the 
Lord President of the Council, m consultation with 
the Minister of Supply and other Mmusters concerned, 
to exercise general supervision of these new develop- 
ments 

In repeating the Prime Mimster’s statement in the 
House of Lords on May 12, Lord Hailsham said that 
he had had very much in mind from the outset the 
correct deployment of our financial resources m 
different scientific spheres If he thought that what 
was now being done was in any way a rival to 
cancer research, or even that cancer research was 
bemg held up for purely financial reasons, he might 
take a different view He did not regard these two 
projects as rivals and thought that the merits of 
research projects should be examuned m the light of 
hopeful leads and available personnel, rather than in 
terms of mere cash 

That ıs clearly the right view to take and will be 
accepted by scientists generally The Prime Mmister 
said there are two problems to be considered in 
relation to a British contribution to space research 
the nature and design of the instruments to be carried 
mto space, and the vehicles in which these instru- 
ments are to be launched As to the first, with the 
assistance of Fellows of the Royal Society and with 
the endorsement of the Advisory Council on Scientific 
Policy, a programme for the design and construction 


of instruments to be carried in Earth satellites had 
been approved and work would begin at once 

With regard to the second, Mr Macmillan said 
there might well be scope for Joint action with the 
United States, with the Commonwealth or with other 
countries, and that a team of experts, including Prof 
H S W Massey, was being sent to Washington 
to discuss possible Anglo-American co-operation 
We are also openmg consultations with other 
Commonwealth countries, and meanwhile design 
studies are bemg put m hand for the adaptation of 
British military rockets This would put us m a 
position, should we decide to do so, to make an all- 
British effort 

On May 29 ıt was announced that Lord Hailsham 
had appointed a steering group on space research, 
under the chairmanship of Sir Edward Bullard This 
group—which includes Prof W V D Hodge, secre- 
tary of the Royal Society, Prof H S8 W Massey, 
Su Harry Melville and the Astronomer Royal, and 1s 
subject to the responsibility of the Lord President of 
the Council, 1n consultation with the other Ministers 
concerned with the supervision of the Government's 
space research programme—‘is to advise on the 
formulation of that programme and to co-ordmate 
the arrangements for its execution” 

In replymg to questions on his statement on 
May 12, the Prime Minister added that the instru- 
ments programme would be supervised by the 
British National Committee on Space Research seb 
up by the Royal Society and under the chairmanship 
of Prof Massey He was certam that, m the field of 
scientific instruments, Britam should play her part 
m advanemg the scientific effort In view of the 
importance of research in outer space he would 
probably use the appropriate moment at any ‘Summit 
meeting’ to discuss the desirability of a system of 
co-ordination and pooling of information with the 
Soviet Government The discussions with the United 
States were to be concerned with the possibility of 
some Jomt organization for the actual launchmg of 
the contamer for the instruments 

In the House of Lords, Lord Hailsham dealt with 
this matter of international co-operation in replymg 
to several supplementary questions Viscount Alex- 
ander of Hillsborough and Lord Rea urged the 
importance of keeping space research on an mter- 
national basis as much as possible, and Lord Hailsham 
said that the Government has this aspect very much 
in mmd He pointed out that both the Americang 
and the Russians, as well as ourselves, are cos 
operating in the Committee for Space Research, 
known as Cospar, a non-Governmental scientific body 
of the executive board of which Prof Massey is a 
member The United Nations Assembly last autumn 
seb up an ad hoc commuttee to report to the next 
Assembly on the area of mternational co-operation 
in the peaceful uses of oufer space which could 
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appropriately be undertaken under United Nations 
auspices and the future organization of arrangements 
to facilitate such co-operation Great Britam and 
the United States, but not the USSR, are co- 
operating with this Committee The Common- 
wealth as a whole 1s co-operating with both these 
international bodies and the Government 1s already 
mquiring of the Commonwealth countries what ther 
contribution could be to the project announced by 
the Prime Minister 

On this occasion. Lord Rea urged the Government 
not to undertake too much, and Lord Hailsham’s 
assurance that our scientific resources would not be 
dissipated was doubtless in response to this remark 
as well as to Lord Amwell’s specific question about 
cancer research The trend of these developments, 
however, must have been known to Lord Hailsham 
when he spoke at the annual dinner of the Institution 
of Chemical Engineers on April 28, and his remarks 
on that occasion about the office of the Lord President 
of the Council are of the greatest interest m view of 
the wider responsibilities which the Lord President 
has now assumed and of which he was then presum- 
ably aware 

Quoting Sir Hugh Beaver’s remarks, Lord Hailsham 
agreed that the relation between government and 
Science requires more attention than it 1s recerving 
and also that we are very far from arriving at the 
ideal solution—if, mdeed, one exists—but he pomted 
out thatthe Lord President of the Council ıs not, and 
makes no clam to be, the head of British scientific 
thinking and planning Lord Hailsham did not think 
there could ever be any such person, but he naturally 
dechned to speculate in public as to whether the 
Lord President has either the time or the means to 
discharge the duties laid upon him Such questions 
he obviously thought were worth askmg and 16 could 
be taken that his remarks were designed to provoke 
discussion. 

First, he questioned the wisdom of asking for ‘‘one 
coherent policy” on science, pomting out that science 
1s not a subject but a whole thicket of subjects, some 
separate, some closely inter-related, but all animated 
by a common attitude of mund, and each contributing 
to a common corpus of knowledge Secondly, science 
cannot be abstracted from life, which 1t touches at 
every point If it 1s to play its part m industry or 
m government, ıt cannot be abstracted from them 
and then re-injected m a concentrated form Indus- 
tres, moludmg individual firms, need to be more 
scientifically minded, as do governments, mcluding 
individual departments and mmusters, but 16 would 
never be enough, however much time or means he 
had at his disposal, to have a single Minister respons- 
ible for the whole scientific field Such a Minister 
could never be a substitute for Ministers of Power, 
of Education, of Transport, ete, each of whom 
sought himself and through his staff to apply scientific 
techniques and knowledge to the problems of his 
office 

For these reasons Lord Hailsham thought that 
what 1s wanted 1s not a new Minister or a new 
Mimstry, but a new attitude on the part of the 
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nation, the Government, industry and trade unions, 
m which each in his own sphere becomes more 
scientifically mmded This, said Lord Hailsham, is 
“a continuation of the process which has been 
fevolutionzmg life on this planet for the past 
hundred and fifty years, and involves a more 1ntelh- 
gent understanding of the forces at work To treat 
the problem thus as essentially one of education, 
Lord Hailsham admitted, will not answer any of the 
questions about the relation between Government 
and science, between education, research, industry 
and finance, or about the office of the Lord President , 
and he then discussed these relations more par- 
ticularly 

First, he emphasized that if the educational world 
and the scientific world are to perform ther functions 
they must retam complete mtegrity and a high degree 
of independence This ıs essential even m the schools , 
and while the function of government m education 
1s not easily defined, Lord Hailsham believed that 
the social value of an educational system depends on 
the curriculum remammg within the competence of 
the teachmg profession As a matter of history, 
government entered tle scientific sphere because no 
one else would do so on a sufficient scale, and this 
was now also true of education Nevertheless, Lord 
Hailsham urged that precisely because government 
plays, and undoubtedly would continue to play, a 
vital part as a patron of science, scientific decisions 
should be so far as possible ın the hands of scientists 
Where 16 18 practicable it 18 also desirable that they 
should draw on mdependent sources of finance, not 
in place of Government contributions but m addı- 
tion to them Moreover, the direction of scientific 
policy should not be wholly in the hands of Govern- 
ment, but industry should be determmed at every 
level to mamtam its influence in its proper field 
of applied science and technical education, both 
by finance and by active participation both m its 
own and even m government-sponsored bodies, and 
this mfluence should be felt m the formation of 
pohey and m the allocation of scientific man-power 

Lord Hailsham’s thesis ıs one that will commend 
itself to the scientist generally, and it 1s apparent 
from a paragraph m the last annual report of the 
Federation of British Industries that an important 
section of industry is prepared to undertake such 
responsibilities A detailed study of certam aspects 
of British research practice m relation to methods 
adopted abroad is already bemg made, so as to 
facilitate a detailed statement of mdustry’s view of 
the Government’s plans for mdustrial research as 
put forward by the Lord President’s office Co- 
operation in technical education 1s also developmg 

Nevertheless, the thesis ignores the practical 
difficulty of deciding what ıs a scientific decision and 
what ıs a political decision Moreover, political 
decisions are liable to determine the resources aval- 
able for scientific projects, both in terms of finance 
and of man-power ‘This is well illustrated in the 
recent decision on space research It 1s the high cost 
of such research that 1s responsible for any concern 
with which the decision to enter that field may be 
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regarded among scientists Great Britain has no 
margm for waste of scientific man-power or other 
resources, and ıb will be a prime concern of the Lord 
President and of Sw Edward Bullard and his steermg 
group to see that Britam’s limited effort 1s concen- 
tiated on the most profitable areas of research 

Lord Hailsham showed clearly enough that he 
regards the Lord President of the Council as m some 
sense & Munster of research, though with the 
responsibility of a patron rather than of an overlord 
He pomted out that, measured by cost, most Govern- 
ment research ıs carried out under the Minister of 
Supply or by the Atomic Energy Authority, for which 
the Prime Mmister 1s now directly responsible In 
the Civil Estimates for 1959-60, for example, expendi- 
ture on research and development 1s put, m round 
figures, at £270 milhon, of which £214 milhon is on 
the Miunistry of Supply’s vote, compared with £12 
million for the Department of Scientific and Indus- 
trial Research, £3 5 millon for the Medical Research 
Council and £4 5 million for the Agricultural Research 
Council ‘This total, however, takes no account of 
whatever proportion of the £58 mullion for the 
universities which may be spent on research, or of 
the £92 milhon for the U K Atomic Energy Authority, 
which may go for research and development, though 
the estimates show that, of the last figure, £3 5 
mullon is spent on research and development con- 
traets with industry, the universities, ete 

Even when ib 1s remembered that the universities 
are still responsible for the larger part of Brrtaim’s 
effort in scientific research, these figures show that 
the Mmuster of Supply 1s too interested a party to 
be an entirely impartial advise: as to the expediency 
of a British space research programme Moreover he 15 
also largely responsible for advismg the Government 
as to the desirability of undertalung another costly 
long-term project—the development of a supersonic 
transport aircraft For the past two years a com- 
muttee of leading awcraft designers and experts from 
the Royal Aurcraft Estabhshment, Farnborough, has 
been studying the technical possibility of developmg 
and building a supersonic air-Imer, and if so, advising 
as to its optimum size, shape and speed 

Lord Hailsham suggested that the present arrange- 
ment works satisfactory although i6 may not be 
ideal Nevertheless, ıt should be noted that, in 
throwing on the Minister of Supply the responsibility 
for final recommendations in these matters, he 1s 
largely made judge m his own cause, and m one 
where the criteria are as essentially scientific as 
financial or economie It should also be remembered 
here that those who, like Prof A C B Lovell or Sir 
Harold Spencer Jones, have urged that Britam cannot 
afford to romam outside this new field of space 
research have done so on scientific grounds They 
are disturbed about the effect parsunony might have 
en our economie welfare and national well-bemg 
We depend mdeed on our skill m manufacture, our 
ability to apply science and technology to the fullest 
possible extent, but we depend also on our ability to 
produce the new knowledge from which scientific 
and technical advance continually sprmg 
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Prof Lovell, ın his Reith Lecture last year, speci- 
fically stressed benefits which mankmd has reaped 
from fundamental scientific mvestigations carried out 
for them own sakes, and supported without thought of 
practical gam The progiamme of space research 
projected m the United States appears to comprise 
schemes for radiocommunication over great distances 
and for weather forecasting It also seeks to obtam 
data about the density and composition of the Earth’s 
upper atmosphere, about the nature of interplanetary 
gas, the magnetic field of the Moon and the nature 
of the solid surface of Venus The tentative pro- 
gramme announced by the Prime Minister seems to 
offer scope for limited but worth-while experiments, 
and the mgenuity required to build the instruments 
for the satellites should be a valuable stimulus to the 
scientific instrument industry generally 

If the programme is recognized as a reasonable 
compromise, the question of balance 1s nevertheless 
of great umportance, and it has still to be shown that 
1t will contribute anything essential to developing or 
extending the environment m which creative science 
flourishes We cannot aigue that the project will 
help to retain promising scientists in Britam, without 
mquiring whether the prospects and opportunities in 
other scientific and technical fields are sufficiently 
attractive to keep them here This means somethmng 
more than the assessment of priorities, or considera- 
tion of whether the Government 1s sufficiently alive 
to its responsibilities in other fields of research where 
considerations of high cost have, as Lord Hailsham 
admitted, made its entry umperative — Biology and 
medicine have been specifically mentioned by eritis 
of the present proposal, and m spite of what was 
said of cancer research im the House of Lords, pro- 
gress m both these fields 1s regarded by some as 
gravely hampered by lack of funds 

It 1s m this context that the whole organization of 
research in Britain ıs rmportant, and independently 
of the merits of the space research programme, fuller 
investigation 1s undoubtedly needed mto the returns 
that can be expected from mvestment 1n research m 
particular fields It may well be asked, as a question 
of economie survival, whether we can afford to spend 
about ten times as much on defence research as on 
pure and apphed research generally, and whether 
everything possible ıs bemg done to avoid duplication 
of effort or waste of resources 

The criticisms which were made by Mr Stanley 
Mayne, general secretary of the Institution of Pro- 
fessional Civil Servants, at the Institution’s annual 
conference at Folkestone on May 25 may seem to 
refer to comparatively minor points, but nevertheless 
they mdicate that the organization of research needs 
a little more consideration than Lord Hailsham was 
inelhned to admit Mr Mayne welcomed the decision 
on space research and the 70 per cent merease m the 
expenditure of the Department of Scientific and 
Industrial Research, but was highly critical of certam 
decisions taken by the Couneil for Scientific and 
Industrial Research, particularly its failure to consult 
the directors of research laboratories in reaching 
major decisions concerning the future of those 
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laboratories Mr Mayne asserted that there had also 
been no consultation with the advisory bodies of 
scientists associated with these laboratories, and 
pomted out that such failures m consultation or 
co-operation are hable to engender a spirit of frus- 
tration among the scientists concerned, whether they 
are on the staff of the laboratories or on the 
advisory bodies He also said that frustration 1s 
developmg ın the atomic energy research organı- 
zation through a simular failure to consult with the staff 
or to explam the purpose of changes m organization 

Mr Mayne's charges are essentially of bad manage- 
ment rather than of mistaken policy, and ıb 1s, of 
course, true that weakness m admmustration can be 
fatal m recruiting staff of high ability and enthusiasm 
Such defects, however, do not necessarily arise out 
of the structure of research organization unless ıb 18 
seriously overloaded, but these criticisms lend some 
support to the suggestion put forward m the May 
issue of the Institution’s journal, State Service, that 
the powers of the Lod President of the Council 
should be extended and that he should give more or 
less full tıme to his scientific responsibilities Lord 
Hailsham’s speech to the Institution of Chemical 
Engineers seems to imply that this would be more in 
line with his own thinking than the creation of a 
Ministry of Science ‘The further suggestion that 
consultation between individuals and bodies con- 
cerned with science should be improved also seems to 
agiee with his views 

Lord Hailsham might have reservations as to how 
far 1t ıs possible to frame precise recommendations as 
to the proportion of national resources which should 
be devoted to the tiammg of scientists, scientific 
research and the application of scientific knowledge 
and the results of research to the national welfare, 
but he ıs undoubtedly concerned to stimulate co- 
operation and consultation and, above all, construc- 
tive thought as to how the scientific effort of Britain 
should be organized and what range of problems 1t 1s 
desirable to investigate It should be noted that he 
referred specifically to the coatribution which pro- 
fessional bodies such as the Institution of Chemical 
Engineers could make to the formulation of policy 
and to the dependence of progress in technology on 
partnership between government, teaching bodies, 
research scientists and industry The value of such 
co-operation was stressed, from a different point of 
view, by Dr P F R Venables, principal of the 
College of Technology, Birmmgham, and by Mr J J 
Gracie, chairman of the Governing Body, at the 
associateship presentation ceremony on April 25, both 
of whom referred to 1ts importance in recruiting 
first-class teachers for the colleges of technology and 
m mamtamung the conditions of service, cluding 
research, which would attract such men and women 
Lord Hailsham's address should stimulate both the 
constructive thinking and the close co-operation in 
all such matters which the launching of a British 
space research programme makes even more impera- 
tive, as 16 does also the need to consider our research 
effort as a whole and to keep ıt m balance with the 
man-power 1esources and varied needs of the nation 
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ORIGINS AND METHODS OF 
THE SCIENCES 


Studies in the History and Methods of the Sciences 
By Arthur David Ritchie — (Edmburgh University 
Publications History, Philosophy and Economics, 
2) Pp vi4-230 (Edmburgh The University Press, 
1958 Distributed by Thomas Nelson and Sons, Ltd , 
1958) 128 6d net 


EFE professional philosophers can have had 
Prof A D Rutchie’s long, mtimate and diverse 
acquaintance with science or rather, as he would 
nightly msıst, with the sciences, smce (m his words) 
"singular SCIENCE 1s the Sacred Cow of twentieth 
century idolatry” Chemistry and philosophy at 
St Andrews were followed by the Natural Sciences 
Tripos at Cambridge, then by four years as chemist 
with the Naval Airship Service during the First World 
War Next came two years’ return to philosophy, then 
seventeen years in physiology and biochemistry in 
the Medical School at Manchester, before he turned 
whole-time to philosophy Perhaps when he retires 
from the char of logic and metaphysics m the 
University of Edmburgh he will find occasion now 
and then to turn back to his early love of marine 
biology and comparative physiology In any event, 
he ıs &ngularly well qualified to write such a book as 
this his scientific friends will welcome the product 
of his multiple interests and critical thought 

But others, too, will read ıt with appreciation, 
sympathy and attention for Rrtchie’s long concern 
with the sciences, their methods and ther philosophy, 
is coloured by a broad humanity, and by a deep 
reverence which shows itself m a frankly religious 
approach to ultimate problems Lest such reverence 
be misunderstood, misunderstanding, as he writes, 
“has nearly always come of supposing that there are 
sacred thongs, whereas we know directly only of 
sacred relations” But Ritchie’s humanity and 
reverence do not lead him to compromise with 
nonsense Marxists will not hke this book, nor those 
infected with “the common error of supposmg that 
physics 1s the one and only science", nor any biologists 
whose attitude is rooted still ın the simplicities of 
nineteenth century physics 

But to many others r5 will grve much pleasure and 
enlightenment, particularly to those, like the present 
reviewer, who are sadly ignorant of the origin, history 
and philosophy of the sciences—if not of then 
methods, and to any who do not beleve too piously 
that the secretions of the Sacred Cow can cure at once 
all human maladies, ıt will brmg frequent and whole- 
some laughter It covers in a remarkably short space 
the origin of geometry, astronomy, chemistry via 
alchemy, biology m many aspects, ‘human order’ 
and cosmologies and it leaves no doubt of its 
author's conclusion that all these sciences, including 
mathematics, were derived origmally from observa- 
tion and experience, from the practical arts That 
does not mean, as he insists, that an even greater part 
in them development was not played by intellectual 
culosity, by bold and critical thought, by trying to 
find order amid disorde: but the order to be found 
was among real things, thrown up by measurement, 
by construction, by working metals, by observing the 
sky and the seasons, by breeding plants and animals 
and by medicine 

The natural sciences to-day, and the technologies 
based on them, are taking an ever-growmg part in 
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human affairs, and apart from major disaster the 
growth will certamly continue But unless the 
process 1s critically watched and wisely guided a sort 
of chain reaction might set in, which could end m 
science and technology taking charge and leading 
man—who knows where? It is vitally important, 
therefore, that thoughtful people of every kind should 
know something of the origins, the methods and the 
motives of the sciences, that m fact an enhghtened 
publie opmion should be formed the intelligent and 
humane cannot hope to guide if they do not under- 
stand at all So a world of good might be dono if thus 
book were widely read and discussed A V HiL 


SCIENCE AND LITERATURE 


The Scientific Background 

A Prose Anthology By Prof A. Norman Jeffares 
and M Bryn Davies Pp xu+306 (London Sir 
Isaac Pitman and Sons, Ltd, 1958) 21s net 


HE purpose of this book ıs two-fold to demon- 

strate to science students the precision and 
lucidity of the best scientific writing, and to offer to 
arts students and to the general reader a pleasant 
means of entry mto the world of science The authors 
have fulfilled ther first aim but have left the second 
in doubt Certainly the book ıs pleasant enough and 
should take its place as one of the most useful of 
recent bed-side books The intention of the authors 1s 
admurable, necessary and tmely They pomt out the 
difficulties of the communication of scientific dis- 
coveries and ideas both because of the development of 
terminologies and professional Jargon and the general 
deteiioration m the ability to use language as a 
piecise instrument The authors show that good 
scientific prose 1s good English prose and certamly 
give pointers towards a closing of the gap between 
science and arts 

There are several ways of regardmg the “back- 
ground of science’ The phrase has been used to 
describe the philosophy, the methodology, the 
sociological umpheations and the history of science 
The authors have chosen the hterary background, 
but it still remams true that a great deal of com- 
munication in science remains mathematical and 
diagrammatic , thus, the fundamentally important 
problem. of the semantics of communication theory m 
science 1s not explored 

Within the limits of the pages at their disposal the 
authors have dealt with a part of the problem Those 
who expect a documentary history of science or even 
a series of readings in chronological order will be 
disappointed 

The introduction 1s brilliantly written 1t should be 
read and learnt by every student of arts and science 
and everyone who ıs interested in education ‘“The 
most pressmg educational problem of the moment 1s 
how to remedy the broad divergence brought about 
by specialization between the two mam branches of 
knowledge, the sciences and the humanities” 

The substance of the book consists of a hundred 
short extracts of diverse types and purposes The 
first half dozen on writing are of great value There- 
after, there 18 an mtrigumg mixture The Krakatoa 
sunsets by the poet Gerard Manley Hopkins rubs 
shoulders with "Mathematics and Beauty" by C A 
Coulson Among extracts from the literature of the 
more common grammar school and university sciences 
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we find "How to Climb the Turret of King’s College 
Chapel, Cambridge”, Hoyle v Dingle and Dingle v 
Hoyle, James Kirkup’s poem “A Correct Compas- 
sion” on a heart operation All these make an interest- 
ing mélange Some of the passages are too short and 
scrappy to have more than a sampling value Smce 
the language of science cannot be divorced from its 
aims and methods, some longer passages, on the lines 
of Sir Cecil Dampier’s “Cambridge Readıngs in the 
History of Science”, would be useful 

Sur Isaac Newton on the Law of Gravitation requires 
more than a page, and Faraday’s wonderfully lucid 
“Chemical History of a Candle” demands a long 
extract, otherwise we do not see enough of the 
canvas on which he paints to obtam any idea of the 
whole picture 

The book concludes with a number of questions 
which relate to each of the passages These should 
provide a useful basis for further analysis and 
discussion W L SUMNER 


TOXÆMIA AFTER BURNING 


L’Auto-Intoxication aprés Brülure 
Par R Godframd Pp 191 (Bruxelles 
Arscia S A , 1958) np 


Toa general effects of extensıve burnıng are so 
profound and complex that ıt is not surprismg 
that an all-embracmg concept of toxemia or auto- 
intoxication was put forward many years ago The 
idea, which apparently origmated from Avdakoff in 
1876 ın St Petersburg, implied that toxm(s) formed 
in the skm after burning are absorbed into the cr- 
culation and may produce illness and death, but 
the number and variety of the ‘toxins’ which have 
been reported over the years in the blood, urme or 
burned skin are legion and indicate its elusive nature 
The hypothesis at one time led to the treatment of 
burns by tannmg, which was said to precipitate the 
altered skm proteins and prevent absorption of their 
degradation products, but the tannic acid form of 
treatment itself produced ‘toxic’ effects and tanning 
is now discredited The concept of toxzemia has lost 
ground, first, through inoreasmg knowledge of the 
hemodynamic nature of burn ‘shock’, oligemia and 
its relationship to the mflammatory exudation mto 
the burned area, and secondly, through the recog- 
nition of the umportance of bacterial mfection of the 
burned surface and subsequent bacterial invasion of 
the body which can certainly produce the clinical 
picture of toxemia Nevertheless, a number of 
important observations on burns remain unexplamed, 
including the expermental observation reported 
originally by Wilson and his colleagues in Edinburgh 
that the cedema fluid from the burned skm of rabbits 
developed lethal properties for other rabbits and 
mice This aspect of toxemia has been experimentally 
pursued by Simonart and Godframd m Louvam Dr 
Godfreind's monograph ıs an account of their work 
on the role of protems and their degradation products 
m burn toxemia 

The first part 1s concerned with the toxicity to 
frogs of heated fibrmogen and serum albumen, their 
peptic and plasmin hydrolytic products and with the 
composition of the cedema fluid in burned frogs The 
theme is developed in the second part of the book, 
which 1s concerned with studies in the rabbit on the 
toxicity of peptides, partitularly when given sub- 
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cutaneously, and an account of the pathology pro- 
duced, with the cedema provoked by injection of 
peptides and its comparison with burn cedema fluid 
The toxicity of burn cedema fluid for other animals 
is confirmed, and this 1s related to protem fractions, 
particularly the euglobulin part of the exudate The 
whole process is said to be triggered-off by the 
activity of skm and other proteases after burning 
which, by the splitting of tissue and other proteins to 
polypeptides, induce local cedema , the exudation of 
plasma protems follows, some of which become 
altered and are toxic on absorption 

The author tries to account for the renal, gastro- 
mtestmal, adrenal and other changes after burning 
on the basis of a peptide-nduced toxemia, but the 
argument ıs weak He greatly underestimates the 
parts played by oligeemia ın produemg the acute 1ll- 
ness of burns, and also of bacterial mfection and 
septicemia The monograph contains useful material 
on the biological properties of protems and their 
split-products, much of which is relevant to the 
recent work of Miles, Wilhelm, Spector and their 
colleagues m Brrtam on the role of blood protems 
and polypeptides m the pathogenesis of acute 
inflammation The book 1s well produced, 1t has a 
summary in English and regard is paid to the work 
of others, includmg British workers 

S SEVT 


DIFFERENTIAL EQUATIONS FOR 
INSTRUMENTATION ENGINEERS 


Ordinary Differential Equations 

By Dr Wilfred Kaplan (Addison-Wesley Series in 
Systems Engmeerng) Pp xv+534 (Reading, 
Mass Addison-Wesley Publishmg Company, Inc , 
1958 ) 8 50 dollars 


HIS book can be used as a standard text-book on 
differential equations, for ıt covers much the 
same ground as, for example, Piaggio’s well-known 
work, but ıt 1s intended particularly for students of 
instrumentation engmeermg, so that apphcations 
to servo-mechanisms, computers and controls are 
emphasized, and technical termmology is frequently 
employed Thus for the hnear equation F(D) x —f(t), 
the function f(t) 18 termed the mput, and 1f the com- 
plementary function (the solution for zero mput) 
tends to zero with the time, the equation 1s said to 
be stable, the complementary function 1s a transient, 
and the complete solution 1s effectively represented 
by & particular mtegral, termed the output This 
phraseology 1s probably more graphic and so more 
easily appreciated by the student of control engmeer- 
ing than the familar but flat language of the pure 
mathematician It also emphasizes the role of tho 
differential equation as a functional transform from 
input to output, and so hnks up with the modern 
transform calculus The author keeps well in view 
the idea that the proper question to ask about a 
differential equation ıs not whether ıt can be solved 
but how much does 15 tell us about the function which 
satisfies 1b 
Existence theorems are not ignored, but are placed 
at the end of the book and so need not obstruct a 
first readmg Much of the material 1s classical and 
need not be specified here, but for more recent work 
there ıs a good section on matrices and ther connex- 
ion with Imear differential equations, and a most 
helpful introduction to the phase-plane method for 
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non-linear equations The student who ıs daunted 
by the concentrated stimulus of Lefschetz or the high 
abstract precision of Coddington and Levmson 
might do well to play himself m through these 
chapters m Kaplan’s book 

In a book of 500 pages, to devote only 14 to 
numerical methods is demsory, there should be 
either a great deal more, or nothing save the half- 
page ofreferences Simultaneous linear equations with 
constant coefficients occupy much space, but the 
methods given seem to be generally more awkward 
than Routh’s efficient procedure There ıs nothing 
about modern operational or transform methods, 
save two or three pages on the application of the 
Laplace transform to constant-coefficient Imear 
equations, too sketchy to be of value either to the 
ignorant or to the informed But this omission 1s 
fully explamed by the author’s promise of a speedy 
appearance of his companion volume on opera- 
tional methods for lmear systems 

T A A BROADBENT 


FERROELECTRICITY 


Ferroelectricity in Crystals 
By Helen D Megaw* Pp 14-220 
Methuen and Co, Ltd, 1957) 278 6d net 


ERROELECTRICITY ıs a subject of relatively 

recent origin, which 1s, at the moment, developing 
with exceptional rapidity The number and range 
of original papers are a constant strain on the time of 
investigators in the field, and must be bewildermg 
to begmners ‘These circumstances call for a skilful 
review of the subject, and this has been admurably 
accomplished by Dr Megaw in "Ferroelectriciby in 
Crystals" This ıs a short book (only 220 pages), but 
by careful selection, logical arrangement, and lucid 
exposition the author has produced a volume which 
can be both a ‘source book’ to the expert and an 
mtroduction to the begmner 

The first chapter gives a brief outline of the subject, 
with clear definitions of the new terms mvolved The 
followmg six chapters summarize the experimental 
data on Rochelle salt, potassium dihydrogen phos- 
phate, barrum titanate, other perovskite materials, 
and miscellaneous structures such as cadmium niobate 
and guanidine alummium sulphate hexahydrate 
The remainmg three chapters expound the present 
theoretical position, meluding the thermodynamic 
method of correlatang observed properties, and the 
basic features of current theoretical models of 
ferroelectrics 

The approach to the problem 1s essentially erystallo- 
graphic, and the object of brmgmg out the close 
correlation between the structure, and the intrmsic 
electric properties of the single domain is successfully 
achieved The treatment gams m clarity by making 
only brief reference to domain dynamics, with its 
murky problems of failmg memories and fictitious 
surface layers 

The book has a short, well-chosen index, and a 
most useful glossary of crystallographic terms There 
are copious references to original papers through- 
out the text, which are listed at the end of each 
chapter 

Altogether this is a book of exceptional merit, and 
1b is only to be hoped that demand proves sufficient 
to allow further editions to be produced at not too 
long intervals L E Cross 
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ROLE OF THE SCHOLAR IN SOCIETY* 


By Dr HENRY ALLEN MOE 


Secretary-General of the John Simon Guggenheim Memorial Foundation, President of the 
American Philosophical Society 


ALPH WALDO EMERSON, who made it, 
declared that a scholar’s first duty m society 1s 
not to quit his belief that a popgun ıs a popgun, 
although the ancient and honourable of the Earth 
affirm it to be the crack of doom It is all there, all 
that anyone needs to know about the function of the 
scholar m society in these days, or in any days , you 
go where your evidence takes you, and there you 
stand, even though the ancient and honourable of 
the Earth are swe that you should be standing 
somewhere else 

But m this modern world—the world in which the 
Newtonian mechanics, to cite but one example, have 
been shown to have less than the divinity which 
hedged them about for centuries—I conceive that 
the Emersonian declarationeneeds a Moeian iescen- 
sion — "Neither shall the scholar quit his belief that 
the erack of doom 18 the crack of doom, although the 
ancient and honourable of the Earth affirm it to be 
a popgun' 

Of the need for this rescension, there are many 
examples and in view of the fact that this is the 
centenary of the publication of Charles Darwin’s 
“On the Origin of Species”, I shall refer first to that 
crack of doom for much of theology and more of 
biology The first edition of that book, all 1,200 
copies, was sold out, ıt ıs true, m less than a day , 
but then the wielders of the popguns began to pop 

An article m The Quarterly Revew said that 
Darwin was attempting m his book “to prop up his 
utterly rotten fabric of guess and speculation” and 
declared that ıt was all “utterly dishonourable to 
science” The Spectator accused Darwin of collecting 
a mass of facts to substantiate a false prmeiple 
Darwin’s own college, Trimty at Cambridge, would 
not permit a copy of the “Origm” in its hbrary Sir 
John Herschel, the astronomer, described Darwmism 
as “the law of higgeldy-piggeldy" Darwim’s old 
geology professor at Cambridge, Sedgwick, wiote to 
Darwin that the book was “false and mischievous” 
and added that when he read ıt had “laughed till 
his sides ached” 

But there were defenders, too T H Huxley, 
Charles Lyell, geologist, Asa Gray, American botanist, 
the last-named contradicting his colleague Agassiz at 
Harvard The end of the pros and cons 1s not yet 
in sight, but, undoubtedly, ıt was not a popgun 
that Darwin fired off, although many of the ancient 
and honourable of the Earth were strongly of that 
opinion 

Moreover, there was Dante of the thirteenth and 
fourteenth centuries, m some ways the greatest mind 
of all time, who, as Oliver Goldsmith put it clearly 
and accurately, “first followed Nature and was pei- 
secuted by his erities as long as he lived"—3án and 
out of exile and im and out of prison Sick with 
petty quarrels and dissensions, Dante strained tho 


* Substance of an address delivered on May 21 at the Rockefeller 
Institute Convocation for Conferring of Degrees and Dedication of 
New Buildings (see also Nature of June 13, 20 and 27, 1959) 


eyes of his mind toward the hills, for the appearance 
of a universal monarch who should be raised above 
the flaws of faction and the spur of political ambition, 
under whom each country, each city, might (under 
the mstitutions best suited to 1t) lead the life and do 
the work for which ıt was best fitted United ın 
spiritual harmony, Dante showed to the world for 
the first time a plan of a government where the 
strongest force and the highest wisdom were mter- 
penetrated by all that God had given to the wold 
of piety and justice, and ıt 1s not possible to say 
that Dante’s dream did not work its own realization 
nor to deny that the high ideal of the poet had its 
effect For, five centuries later, 135 became embodied 
in the constitution of the Italian State, which still 
has no stronger bond of union than a common 
worship of the exiled and imprisoned poet’s indignant 
and impassioned verse! 

But I need not multiply my examples everyone 
will have those that are better and clearer for him- 
self, because they flow from his own fields of interest 
Nevertheless, for me there still remains to relate the 
poignant example of Edward FitzGerald’s trans- 
lation—which is more than a translation—of “The 
Rubaiyát of Omar Khayyám" The centenary of rts 
publication has been scarcely observed It appeared 
in April 1859 for sale at ls a copy But it found 
not one buyer at that price, and all 250 copies of 
the first edition were remaindered at ld each 

Omar, a son of the tentmaker, was, in his lifetime, 
famous as philosopher, astronomer and mathe- 
matician He was one of the eight astronomers 
appointed by the eleventh-century Persian Mahk 
Shah to reform the calendar, and as FitzGerald has 
him say in his verses (for ‘Rubdiyét’ simply means 
veises) 


“Ah, but my Computations, People say 
Reduced the Year to better reckoning ? 
*T was only striking from the Calendar 
Unborn Tomorrow and dead Yesterday" 


Nay, 


Omar's contemporaries honoured hun foi his 
mathematical and astronomical computations , but, 
for his verses, they denounced him as a free-thinker 
The “Rubáryát”, ın essence, 1s a plea for tolerance 
in it, everything 1s tolerated except intolerance This 
point of view was offensive to orthodox Muslims As 
was said in “The Book of Learned Men", an Arabic 
biographical work of the thirteenth century “The 
mner meanings [of Omar’s verses] are as stinging 
serpents to the Musselman law hence, the men of 
his day hated him " 

Bemg disappioved in “contemporary eleventh- 
century Islam, the verses lay in obscurity on thiough 
the ages So small was their interest that only two 
manuseripts have been found—one m the Bodleian 
Library of the University of Oxford, and one in the 
Library of the Asiatic Society of Bengal in Calcutta 

The resistances which the eleventh-century Omar’s 
veises met in Islam were no different in kind from 
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the resistances which the FitzGerald translation met 
in nineteenth-eentury Christendom So ıt was that 
Edward Cowell, the Persian scholar who had intro- 
duced FitzGerald to the "Rubáryát" manuscripts, 
wrote that he would not permit a book on the Omar 
verses to be dedicated to hm “I unwittmgly m- 
curred”, he said, “a grave responsibility when I 
introduced his poems to my old frend I admire 
Omar but I cannot take him as a guide"? 

In the pre-Darwinian Western world, when all 
thmgs were known or could be known by revelation 
—especially about human affams—words such as 
these by Omar had no takers 


“There was the Door to which I found no Key , 
There was a Veil through which I might not see 


» 


But Omar had seen clearly that the great questions 
always stand—all the great questions of hterature 
and history and philosophy and science stand—out- 
side the limits of finality It 1s a lesson we have not 
learned to this day To cite an example, from a 
field m which many of you must tread more familarly 
than I—an example which I have from that very 
great mathematician, Hermann Weyl—as late as 
1923 the writers on relativity theory and tensor 
calculus were accused by some of the ancient and 
honourable of the Earth of having laid waste a rich 
cultural domain, that rich cultural domain. being the 
algebraic theory of mvariants This time, what wes 
called a popgun truly became the crack of doom 

But a new key, which the ancient and honourable 
of the Earth had not found, was found m the theory 
of representations of contmuous Lie groups , and by 
these new means the old problems which, according 
to the complaimt, the relativists had let go by the 
board have been attacked on a much deeper level 
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than was possible by the algebraic theory of in- 
variants? 

There still ıs a “Veil through which I might not 
see", still a “Door to which I found no Key" , but 
the Veil and the Door are different veils and different 
doors, placed further down the corridor of men’s 
eternal quest for Truth 


“Of all sad words of tongue or pen” [wrote our 
own Whittier], 
“The saddest are these, 16 might have been" 


One 1s tempted to wonder, in the most futile of 
wonderment, as I know, what might have happened 
m Islam as well as m Christendom, ın the Middle 
East as well as m the West, if the freedom-giving 
intellection behind Omar Khayyam’s *Rubáryát" had 
become as well understood as Charles Darwin’s 
intellection “On the Origin of Species” 

But let me not engage in speculative futility on 
this occasion Rather, let me hope with Omar, for 
each one of us, that 


“Of my base metal may be filed a Key 
That shall unlock the Door he [the Dervish] howls 
without” 


“A Hair, perhaps, divides the False and True", 
wrote Omar in the eleventh century A hair, perhaps, 
divides the popgun from the crack of doom, the crack 
of doom from the popgun The function of the 
scholar m any society 1s to make that division for 
himself and then to stand on the side of the divide 
that represents truth for him 
1«Tncyclopedia Britannica", eleventh edit , in article “Dante” 

2 M T, of Edward FitzGerald", by Alfred Mckinley Terhune, 218 


3**Relativity Theory as a Stimulus in Mathematical Research", by 
Hermann Weyl, Proc Amer Phil Soc (1949) 


LYMAN-ALPHA PHOTOGRAPHS OF THE SUN 


By J D PURCELL, Da D M 


PACKER and Dr R TOUSEY 


US Naval Research Laboratory, Washington 25, D C 


S UE photographed from rockets by the 
University of Colorado!? and by the US Naval 
Research Laboratory? have shown that the Lyman- 
alpha line of hydrogen, 41215 7A , 1s emitted by the 
Sun with high mtensity —— Lattle beyond this 1s 
definitely established concerning the details of the 
emission Values of half-width vary between 1A, 
reported by Muller et al *, and not more than 0 34, 
published by Johnson et al? The total mtensity of 
Lyman-alpha durmg the recent years near the sun- 
spot maximum has been found by Byram et al * to be 
45-6 ergs/em? sec, on a number of rocket flights 
Whether the much lower values recorded earlier near 
sunspot minimum. were correct 1s controversial 

The first Lyman-alpha photographs of the solar 
disk were obtamed by Mercure et al 5 m 1956 Each 
of the four images obtained showed three regions 
where the density was approximately 0 03 greater 
than the scattered white-light background This 
blackening was attributed to Lyman-alpha radiation 
and was found to agree, approximately, m position 
with the three principal areas where plages were 
located m calcrum K and hydrogen-alpha spectro- 
hehograms Low resolution and prominent gram 


made further correlations mpossible, and the hmb 
of the Sun was not sharply defined 

A new series of Lyman-alpha images of the Sun 
was obtamed from an .Aerobee-H4 rocket between 
15 47 5 and 15 48 5 ur on March 13, 1959 The 
altitude ranged from 110 to 170 km, which was 
sufficiently high to be above appreciable atmospheric 
absorption at this wave-length Simultaneously, the 
Sun was photographed m white hght, hydrogen-alpha 
and calerum K The Mount Wilson, McMath-Hulbert 
and Sacramento Peak Observatories, the Naval 
Observatory and the Naval Research Laboratory 
co-operated in this programme 

Fig 1 shows a diagram of the instrument, described 
by Purcell' It 1s essentially a double monochromator, 
using two 40-cm radius gratings with 600 lines per 
mm m the first order, arranged so that the dis- 
persions are additive The Lyman-alpha image of the 
Sun formed by the first grating 1s passed by an 
aperture in a diaphragm which intercepts the rest of 
the spectrum The second gratmg disperses the hght 
again, formmg a Lyman-alpha image enlarged by a 
factor of 2 and freed from stray light The first 
gratmg was mechanically deformed, as described by 


al 


July 4, 1959 


No. 4679 


Purcell and Tousey’ in such a way 
as to produce a stigmatic image. 
One grating was coated with alum- 
inium plus magnesium fluoride, 
the other with zine sulphide, with 
specular reflectances at 21216 A. 
of 80 per cent and 31 per cent, 
respectively, as described by Hass 
and 'Tousey*. As a result, the 
system was very fast and 1/50 sec. 
was sufficient to produce a good 
image. The entire unit was kept 
pointed at the Sun with a servo 
system constructed by the Univer- 
sity of Colorado. 

In Fig. 2 is reproduced one 
of the 1/50 sec. Lyman-alpha solar 
disk images. Presented for com- 
parison are a calcium K 3,3, spectro- 
heliogram obtained by the McMath— 
Hulbert Observatory, and a 


Both were made 
The white-light 


Laboratory. 
was in flight. 


hydrogen-alpha s, ss 
image photographed by the U.S. Naval Research 
while 
photograph was 
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Fig. 1 








Optical diagram of the Lyman-alpha camera 


on the same day. The axis of the Sun is vertical 
with north at the top and east at the right. 

rocket It is apparent that Lyman-alpha radiation is 
emitted most strongly from plages, and that the 


the 


made by the U.S. Naval Observatory at 13.57 v.m. pattern of emission resembles calcium K more than 


(a) 


Fig. 2. 








Images of the Sun on March 13, 1959. 
heliogram (MeMath-Hulbert Observatory); 
(d) white light (U.S. Naval Observatory) 


(b) 





(d) 


(a) Lyman-alpha of hydrogen from Aerobee-Hi rockete (b) calcium K;,,,, spectro- 
(c) hydrogen-alpha with 0-7 A. monochromatic filter (Naval Research Laboratory); 
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it does hydrogen-alpha radiation. The Lyman-alpha 
image. differs from calcium K by having a larger 
ratio of intensity between bright and dark features, 
and by having a coarser structure. 

The. solar Lyman-alpha image in general shows 

detail down to about 1 min. of are only ; it is prob- 
able that this limit was set by the resolving power of 
the instrument. However, there is reason for 
believing that the coarseness of the pattern may, in 
part, be a real characteristic of the Lyman-alpha 
image, because the instrumental resolving power was 
* found to be 1/3 min. in the laboratory, and because 
me details down to half a minute of arc appear in 
1e solar image. The very fine stippling is, of course, 
hotographie grain. 
"The correlation between features in the calcium K 
and Lyman-alpha images is striking. If the detail 
in the calcium K image is reduced to about the 
same as that present in the Lyman-alpha image, 
which ean be accomplished by viewing the print 
out of focus, all the bright details in the two images 
mateh approximately. 

The high contrast between Lyman-alpha plages 
and the background is quite noticeable. From pre- 
liminary measurements it appears that the ratio 
between the intensity of the brightest plage and the 
average inactive region is twice as great as in the 
corresponding regions of the calcium K image’. As à 
result, the Lyman-alpha plages seem to cover a 
larger fraction of the disk than the calcium K plages 
(observations furnished by courtesy of McMath— 
Hulbert Observatory) However, if the faintest 
calcium K plages are included, the difference in area 
covered is not great. 

55:3 Conspicuous in the Lyman-alpha image are several 
broad dark lines. One follows the course of the 
calcium. K filament in high northern latitudes. The 
most prominent dark line lies below the equator, at 
an angle of about 30° to it. This can barely be seen 
in the calcium K and hydrogen-alpha images. There 
is no.corresponding well-defined filament in hydrogen- 
alpha and only a trace of a filament in calcium K. 
^ Such an outstanding feature cannot be attributed to 
"a narrow filament alone, since a sharply defined 
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narrow filament, when photographed at low resolu- 
tion, would form a broad but extremely faint dark 
line. E 

The darkest part of the Lyman-alpha image is near 
the centre of the Sun. Limb darkening or brightening, 
in general, would be difficult to establish because 
of the eomplieated and varied pattern over the disk. 

Most of the sunspots, shown by white light, do not 
appear in the Lyman-alpha image. The large group 
near the limb cannot be seen at all. The centre of 
the string of three, which is surrounded by à pen- 
umbra in the K-line image, is visible as a large hole 
in the corresponding Lyman-alpha plage. The upper 
of the three can also be seen. 

The limb, as shown in Fig. 2, is clear-cut and real. 
In several of the long Lyman-alpha exposures, which 
are not reproduced here, prominences can be seen. 
The correlation with hydrogen-alpha prominences is 
good. The largest prominence seen in the Lyman- 
alpha radiation can be followed out to about 1 min. 
of are from the limb, which is about the same as for 
the hydrogen-alpha image. 

The high intensity and great extent of the Lyman- 
alpha plages suggest that the total intensity of 
Lyman-alpha radiation emitted by the Sun might be 
expected to depend on the extent of the plages. The 
total area covered by ifftense calcium plages reaches 
a maximum at sunspot maximum, and falls off to 
near zero at minimum. If the Lyman-alpha plages 
behave in a similar fashion, the Lyman-alpha emis- 
sion intensity of the Sun should vary significantly 
between sunspot maximum and minimum. 
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CONVERSION OF LIGHT INTO CHEMICAL ENERGY IN 
PHOTOSYNTHESIS 


By Pror. DANIEL I. ARNON 
Laboratory of Plant Physiology, University of California, Berkeley 


HE discovery'-? in 1954 that isolated chloro- 
sl plasts are capable of forming carbohydrates 
from carbon dioxide and water with a simultaneous 
evolution of oxygen, with no energy supply except 
visible light, has opened a way for investigating the 
central problem of photosynthesis, the conversion of 
light into chemical energy, in a physiologically viable 
system free from the structural and functional com- 
plexity of the whole cell. This approach has already 
forced a re-examination’ of certain established con- 
cepts in photosynthesis. One of the most fruitful 
of these concepts in guiding eontemporary research 
in photosynthesis, ineluding the current work with 
isolated chloroplasts, has been the theory of van 
Niel* that. photolysis of water is the basie reaction, 
common to green plantssnd photosynthetic bacteria, 
for converting light into chemical energy. However, 


very recent experiments'-? with isolated chloroplasts 
and cell-free particles of the photosynthetic sulphur 
bacterium, Chromatium, now suggest that photo- 
synthetic phosphorylation rather than photolysis 
of water is the common denominator of photosynthe- 
sis in bacteria and in green plants. The purpose of 
this article is to trace the recent evolution of this 
alternative view of photochemical events in. photo- 
synthesis, and to present, in a unified fashion, some 
of the evidence and considerations on which it rests. 


Separation of Light and Dark Phases of Photo- 
synthesis in Green Plants 
It has long been considered (literature cited in ref. 


10) that carbon assimilation proper is a dark, chemo- 
synthetie phase of photosynthesis, and that the 














| 
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1eactions involved are, n all probability, not peculiar 
to photosynthesis but iather reversals of those 
responsible for the degradation of sugars ın respira- 
tion Support for this pomt of view 1s found m 
the recent identification by Trudinger!? and Aubert 
et al!? m the chemo-autotrophic, but non-photo- 
synthetic, bacterrum Thiobacillus denitrificans, of the 
same cyclic mechanism for carbon dioxide assimila- 
tion in the dark as 1s found m photosynthesis of green 
plants Moreover, Racker! !5 has recently obtained, 
m the dark, a synthesis of hexose phosphate from 
carbon dioxide by a multi-enzyme system consisting 
of glycolytic enzymes from rabbit muscle and yeast 
and the pentose cycle enzymes from spinach leaves 
In bus experiments, the energy needed for this syn- 
thesis was supphed by ineludimg in the reaction 
mixture exogenous adenosine triphosphate and an 
enzymatic device for generating, in the dark, reduced 
diphosphopyridme nucleotide at the expense of added 
molecular hydrogen or alcohol 

If the experiments of Racker are taken as a model 
for the dark carbon dioxide assimilation in photo- 
synthesis by green plants. as was proposed by Calvin‘, 
then the essence of photosynthesis, the conversion 
of light energy mto physiologically useful chemical 
energy, must lie m the photochemical reactions which 
generate adenosme triphosph&te and reduced pyridine 
nucleotides at the expense of absorbed light energy 
Moreover, since the dark reactions responsible for 
carbon dioxide assimilation do not result in oxygen 
evolution—which remains & unique characteristic of 
photosynthesis m green plants—the photochemical 
phase of photosynthesis must account for the forma- 
tion of three products oxygen. reduced pyridme 
nucleotide and adenosine triphosphate 

In the tact cell, the conversion of light into chem1- 
cal energy 1s closely bound with carbon dioxide 
assimilation, the hght and dark phases of photo- 
synthesis are closely mterwoven, and attempts to 
separate them experimentally have so far yielded no 
effective method for mvestigating the mechanism of 
the photochemical reactions Thus, when whole 
cells were pre-illumimated m the absence of carbon 
dioxide they were shown to acquire in light only a 
short-lived capacrty, measured im seconds’ or 
munutes'®!9, for a subsequent dark carbon dioxide 
fixation There was no agreement as to the chemical 
nature of this transient and unidentified product of 
the light reaction Calvin et al !* characterized 1t as a 
“reducmg power” whereas Gaffron et al 1” considered 
1t to be an acceptor substance foi carbon dioxide 
fixation Likewise, with respect to adenosine tri- 
phosphate, experiments with whole cells have given 
no clue as to the mechanism and site of adenosine 
triphosphate formation m photosynthesis In general 
schemes for photosynthesis, adenosine triphosphate 
required for carbohydrate synthesis was usually 
assumed to come from oxidative phosphorylation 
by mitochondria (see, for example, ref 20 (Fig 7), 
&nd also review, ref 21) 

A special contribution of experiments with isolated 
chloroplasts to the study of the mechanism of photo- 
synthesis 1s that they have provided an effective 
experimental approach to the separation of the hght- 
dependent phase of that process, m which oxygen, 
reduced triphosphopyridine nucleotide and adenosine 
triphosphate are formed, and the dark phase durmg 
which carbon dioxide is assumlated A physical 
separation of the two phases of photosynthesis by 
fiactionating chloroplasts has recently been described 
by Trebst ef alt? The light phase was completed 
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first by the complete chloroplast system in the absence 
of carbon dioxide and resulted m an evolution of 
oxygen accompanied by an accumulation of reduced 
triphosphopyridine nucleotide and adenosme triphos- 
phate m the reaction mixture The green portion 
of the chloroplasts (grana) was then discarded, and 
when carbon dioxide was next supplied to the remain- 
ing non-green portion of the chloroplasts (stroma) 
in the dark, ıt was assimilated to sugar phosphates 
The two phases, when carried out separately, yielded, 
essentially, the same final photosynthetic products 
as the continuously illuminated chloroplast system 
The conclusion seemed justified, therefore, that the 
conversion of absorbed light energy into the chemical 
energy used for carbon dioxide assimilation m the 
dark occurs durmg the photochemical reactions in 
which chloroplasts evolve oxygen and form assimul- 
atory power’, that is, adenosme triphosphate and 
reduced triphosphopyridine nucleotide These two 
substances are then, so far as ıt ıs now known, the 
first stable chemical compounds formed by green 
plants at the expense of absorbed light energy and 
are thus the true ‘first products of photosynthesis’, a 
term which has usually been apphed to products of 
carbon dioxide fixation, such as phosphoglyeracte!! 


Photochemical Reactions tn Cell-free Systems 


The three products of the light reactions in chloro- 
plasts, oxygen, adenosme triphosphate and reduced 
triphosphopyridme nucleotide, are now known*?? to 
be formed by two reactions* 


ADP + H,PO, — ATP (1) 


reductase 
2TPN + 2H,0 + 2ADP + 2H,PO, ———— 
2TPNH,; + O; + 2ATP (2) 


A non-physiological variant of reaction 2 18 reaction 
3, m which trrphosphopyridine nucleotide 1s replaced 
by ferricyanide (represented here by Fe?*) 


4Fo?* + 21,0 +2ADP + 2H,PO, — 
Fe? + O, + 2ATP + 4H* (3) 


Reactions 1 and 2 revealed a previously unknown 
capacity of chloroplasts to use light energy for the 
formation of the energy-rich pyrophosphate bonds 
of adenosme triphosphate, a process called photo- 
synthetic phosphorylation to distinguish it from 
oxidative phosphorylation by mitochondria”, formerly 
known to be the only cytoplasmic particles capable 
of formmg adenosine triphosphate Photosynthetic 
phosphorylation of the kind shown ın reaction l, in 
which adenosine triphosphate 1s the sole product of 
absorbed hght energy, has been designated as cyclic 
photophosphorylation! to distinguish ıt from the 
non-cyche photophosphorylation shown in reaction 2, 
m which only part of the hght energy absorbed by 
chlorophyll is used for the formation of adenosine 
triphosphate , the remainder 1s used for the formation 
of a reductant, reduced triphosphopyridme nucleotide, 
which provides the ‘hydrogens’ needed for the con- 
version of carbon dioxide to sugars (Non-cyclic 
photophosphorylation has also been called “‘one- 
step’? or “primary” photophosphorylation™~*¢ ) 

* The following abbreviations will be used TPN or TPNox, TPNH: 
or TPNred, oxidized and reduced forms of triphosphopyridine nucleo- 
tide, ADP, ATP, adenosine dı- and tri-phosphopyridine nucleotide , 
Fest cyt, Fe?* cyt, oxidized and reduced forms of cytochrome, 
FMNox, FMNreg, oxidized and reduced forms of riboflavin phosphate , 


PN, PNH,;, oxidized and reduced fSrms of pyridine nucleotide, P, 
orthophosphate 
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Non-cyclic photophosphorylation (equation 2) 
provides all the three expected products of the hght 
phase of photosynthesis in green plants molecular 
oxygen and the two components of assimilatory power 
required for the conversion of carbon dioxide into 
sugars reduced triphosphopyridme nucleotide and 
adenosine triphosphate Cycle photophosphoryla- 
tion (equation 1) supplies only adenosine triphosphate 
and the particrpation of this reaction m carbon dioxide 
assimilation would be needed only if the adenosine 
triphosphate formed m reaction 2 were insufficient 
for carbon dioxide assimilation to the level of carbo- 
hydrate—a conclusion for which, as will be shown 
later, there 18 now experimental evidence 

Of the two photochemical reactions of isolated 
chloroplasts, the less-versatile one, cyche photo- 
phosphorylation, was the more interesting from the 
pomt of view of possible mechanisms of energy 
transformations m photosynthesis Cycle photo- 
phosphorylation (equation 1) permitted us to view 
the key event of photosynthesis, the conversion of 
light mto chemical energy, as being unrelated to the 
two corner-stones of photosynthesis m green plants 
the reduction of carbon dioxide and the evolution of 
oxygen Instead of producing a reductant for carbon 
dioxide assimilation, reaction 1 converts the absorbed 
light energy mto a general species of cellular energy, 
adenosine triphosphate, a highly negotiable physio- 
logical “energy currency” which can be used for a 
multitude of endergonic reactions withm the cell?’ 

The significance of cyche photophosphorylation as 
a general energy conversion process in. photosynthesis 
was greatly mcreased when 16 became clear that the 
structural association of chlorophyll pigments with 
a phosphorylatmg system is not lumted to green 
plants but ıs apparently found m all photosynthetic 
cells and constitutes a fundamental aspect of photo- 
synthesis! Soon after photosynthetic phosphoryla- 
tion was observed ın chloroplasts, Frenkel’. 
demonstrated photosynthetic phosphorylation m 
cell-free preparations of a purple, non-sulphur photo- 
synthetic bacterium, Rhodospirillum rubrum, a finding 
confirmed by Geller®*.*! and Mattick and Lmdstrom® 
Wilhams??, Kamen and Newton?!, and Anderson and 
Fuller described a photosynthetic phosphorylation 
in the ehromatophores?*" of the obligately anaerobic 
photo-autotroph, Chromatvum 

The photosynthetic phosphorylation found m 
bacterial chromatophores was of the cyclic type 
As would be expected from the anaerobic nature of 
bacterial photosynthesis, chromatophores were unable 
to carry out non-cyclic photophosphorylation im 
which the formation of adenosme triphosphate is 
accompanied by oxygen evolution (equation 2 or 3) 
Cyclic photophosphorylation appeared, therefore, as 
a fundamental process, common to all photosynthetic 
organisms, by which light energy 18 converted into 
chemical energy It seemed reasonable to expect that 
elucidation of the mechanism of cyclic photophos- 
phorylation would prove important to the under- 
standing of the energy conversion process m photo- 
synthesis 


Cyclic Photophosphorylation in Chloroplasts and 
Chromatophores 


The first working hypothesis proposed? for the 
mechanism of cyclic photophosphorylation attempted 
to account, within the framework of van Niel’s hypo- 
thesis of photolysis of water, for several experimental 
observations The capture of light energy by chloro- 
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plasts was not accompanied by oxygen evolution?38 35 
(or absorption) and was independent of carbon 
dioxide assunilation!-? , no reductant was formed or 
oxidized as a substrate*4°, the process was (m 
addition to Mg**) strongly catalysed by added ribo- 
flavin phosphate, vitamm K substances and ascorbate, 
but not by pyiidine nucleotides? 38,41 

The rst hypothesis? proposed, visualized cyclic 
photophosphorylation as resultmg m the simul- 
taneous generation, through a photolysis of water, 
of a reducing agent (H) and an oxidizing agent (OH) 
at opposite ends of an electron transport chain 
Vitamm K, riboflavin phosphate, ascorbate and 
cytochromes were tentatively proposed as members 
of the electron-transport cham which catalysed a 
stepwise recombination of the products of photo- 
decomposition of water, thereby making energy avail- 
able for the formation of pyrophosphate bonds The 
role of the first electron or hydrogen acceptor was 
tentatively assigned? to erther riboflavin phosphate 
or, as proposed by Wessels!?, to vitamm K 

The madequacy of this hypothesis became apparent 
when further studies of cyclic photophosphorylation 
indicated that there are two kinds of cyclic photo- 
phosphorylation in chloroplasts Maximal rates of 
cyche photophosphorylation occurred with exther 
riboflavin phosphate or “vitamin K as catalysts At 
a saturating concentration of one catalyst, the addi- 
tion of the other gave no further increase m. photo- 
phosphorylation, but little phosphorylation occurred 
unless one of them was added 

Riboflavin phosphate and vitamin K appeared to 
catalyse separate pathways for the electron (or 
hydrogen) transport which results m cyclic photo- 
phosphorylation?913,44 The riboflavm phosphate 
and vitamin K pathways, types or "systems", as they 
will often be referred to, were found by Whatley 
et al 648 to be similar m them iequirement for 
Mg? and ascorbate, ther sensitivity to certam 
inhibitors such as p-chloromercuribenzoate and 
gramicidm and thew imsensitivity to others, for 
example, arsenite and antimyem A The two path- 
ways for cycle photophosphorylation differed, how- 
ever, m that the riboflavin phosphate system was 
more sensitive to hibition by o-phenanthroline and 
dinitrophenol than the vitamm K pathway?s43 
Moreover, triphosphopyridine nucleotide, which was 
in the meantime found to be a catalyst of cyche 
photophosphorylation!*, appeared to be required for 
the niboflavm phosphate pathway but not for the 
vitamin K system?e53 The association of the 
riboflavin phosphate pathway with triphosphopyri- 
dine nucleotide was also indicated by the findmg 
that the non-cyclic photophosphorylation with 
triphosphopyridine nucleotide (equation 2) was as 
strongly inhibited by o-phenanthroline and dinitio- 
phenol as was the cyclic photophosphorylation with 
riboflavin phosphate?*4s 

Bacterial chromatophores were found to have 
only the vitamin K pathway of cyclic photophos- 
phorylation The addition of riboflavin phosphate 
and triphosphopyridine nucleotide was found to be 
without effect’8° Cyclic photophosphorylation m 
bacterial chromatophores®*34 as well as in chloro- 
plasts*é ıs also known to be catalysed by a non- 
physiological agent, phenazme methosulphate This 
process, m both chloroplasts and chromatophores, was 
found to resemble the vitamm K system m being 
resistant to hibition by o-phenanthroline and dini- 
trophenol and independent of triphosphopyridine 
nucleotide? The common denommator of photo- 
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Table1 EFFECT OF CHLORIDE ON PHOTOSYNTHETIC PHOSPHORYLATION 
BY ISOLATED CHLOROPLASTS (ref 6) 
(umoles phosphate esterified) 








Phosphorylating system — Chloride | + Chloride 
(A) Non-cyelic, ferricyanide 03 87 
(B) Non-cychic, TPN 07 36 
(C) Cyclic, riboflavin phosphate 24 74 
(D) Cyclic, vit K, 78 87 
(E) Cyelic, phenazine methosulphate 838 83 





In all treatments the reaction mixture (3 ml total volume) con- 
tained, in wmoles — tr(hydroxymethyl)aminomethane (adjusted to 
pH 8 2 with acetic acid), 80 , adenosine diphosphate, 10, K,HP3:0,, 
10, magnesium sulphate, 5 Special additions in the respective 
treatments were (A) ferricyanide, 8 zmoles , (B) triphosphopyridine 
nucleotide, 4 wmoles, chloroplast extract (ref 45) (CE) equivalent 
to 2 mgm chlorophyll, C) riboflavin phosphate, 0 1 mole, zri- 
phosphopyridine nucleotide, 9 3 umole, sodium ascorbate, 5 umoles , 
(D) vit K, (menadione), 0 3 umole, sodium ascorbate, 5 umoles , 
(E) phenazine methosulphate, 30 ugm ‘Broken’ chloroplasts free of 
chloride (ref 6) and containing 0 25 and 0 1 mgm chlorophyll were 
added to the non-cyelic and cyclic systems, respectively 10 umoles 
potassium chloride were added to the ‘plus chloride’ treatment Gas 
phase, nitrogen Illumination, 30 min in all treatments, except (E) 
illuminated 15 min Other methods are described elsewhere (ref 40) 


synthesis in chloroplasts and chromatophores covld 
thus be narrowed down specifically to the vitamm K 
type of cychc photophosphorylation 


Role of Chloride 


Fresh support for the existence of separate path- 
ways for electron transport in photosynthetic phos- 
phorylation has come fio the recent work of 
Bové et al * on the role of chloride m photosynthesis 
Warburg!' discovered that chloride, replaceable by 
bromide but not by other anions, was essential for 
oxygen evolution by isolated chloroplasts This 
discovery was fully confirmed by Arnon and What- 
ley**, but they were disinclined to accept, at that 
time, Warburg’s conclusion that chloride is a 
coenzyme of photosynthesis, because this conclusion 
would have conferred on chloride the then unwar- 
ranted status of an essential element for gieen plants 
However, they envisaged the possibility!® which 
has simce been documented!9^?, that chloride may 
prove to be an essentiai~micionutrient for green 
plants 

A re-investigation® of the role of chloride in tho 
photochemical reactions of chloroplasts (Table 1) 
confirmed Warburg’s conclusion that chlomde is 
essential for photosynthesis ın gieen plants Chloride 
was found to be required for the non-cyclic photo- 
phosphorylations (equations 2 and 3) and for the 
ulboflavin phosphate pathway of cyclic photo- 
phosphorylation, all three reactions bemg known to 
occur only 1n chloroplasts Chloride was not required, 
however, for the vitamin K pathway of cyclic photo- 
phosphorylation? which ıs the only type of phozo- 
phosphorylation shared by bacterial particles and 
chloroplasts Thus, in the absence of chloride, 
chloroplasts behaved like bacterial chromatophores , 
they were able to carry out only the vitamm K 
pathway of cycle photophosphorylation 


Mechanisms of Cyclic Photophosphorylation 


If ıt 1s accepted that the vitamm K pathway of 
cycle photophosphorylation represents the simplest 
common denominator of photosynthesis ın green 
plants and bacteria, then a mechanism for this reaction 
would be expected to provide a basic pattern for the 
conversion of light mto chemical energy The salient 
facts which must be explained are that a “high- 
energy” pyrophosphate bond ıs formed at the expense 
of absorbed hght energy There 1s no need, a prion, 
to connect this reaction with either photolysis of 
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water or reduction of carbon dioxide Cyche photo- 
phosphorylation produces neither a reductant foi 
carbon dioxide assimilation nor molecular oxygen , 
the sole product 1s adenosine triphosphate 

The formation of adenosme triphosphate is a 
familar biochemical process m all living cells? 
It 1s commonly encountered in glycolysis and respira- 
tion, m which the formation of the high-energy 
pyrophosphate bond occurs at the expense of energy 
released durmg the transport of electrons (or hydro- 
gens) from an electron donor (substrate) to an electron 
acceptor In respiration the ultimate electron 
acceptor 1s molecular oxygen through a series of 
reactions which result 1n the formation of water 

The simplest hypothesis to account for the forma- 
tion of adenosme triphosphate m cyclic photophos- 
phorylation 1s to assume that, as m the dark reactions 
of respnation, the formation of a pyrophosphate bond 
18 also coupled with a release of energy durmg an 
electron transpoit process However, there is a 
basic difference between the two m that the electron 
transport m cyclic photophosphorylation occus 
withm a “closed”, cyclic system from which electrons 
are not removed, as they are in respiration when they 
are finally accepted by oxygen In respiration the 
energy of a substrate has been consumed when rt has 
donated tts electrons to oxygen In cyclic photo- 
phosphorylation the “energy substrate’ which is 
consumed ıs ight The mechanism by which this 18 
accomplished must therefore provide for a recurrent 
addition of energy by hght to the electrons travelling 
withm the “closed circuit” of cycle photophos- 
phorylation, thereby raismg them to a high energy- 
level Phosphorylation would then occur at the 
expense of energy released dung a “downhill” 
transport of the electron from a high to a low energy 
status n the course of its cyclic pathway A diagram- 
matic representation of this concept 1s given in Fig 1 

These considerations lead to the followmg hypo- ` 


thesis for cycle photophosphorylation The primary. 
photochemical 1eaction 1s visualized as being of the Fa 


photo-oxidation type studied by G N Lewm ama 
his school, m which-a Tight-absorbing molecule, in 
this instance chlorophyll (attached to a protem 
component), becomes “excited” and acquires a 
tendeney to oxpel an electron as well as a capacity 
to accept one as a replacement for the electron which 
1s being expelled The expelled electron 1s raised to 
a high-energy potential at the expense of the absorbed 
quantum of light energy The proposed hypothesis 
suggests that the ight energy acquired m this manner 
is transfoimed into chemical energy in the course of 
the “downhill” return of the electron to the chloro- 
phyll system via a series of enzyme systems which 
act as the “transformers” for converting light energy 
mto chemical energy These enzymatic transforma- 
tions constitute the energy conversion process in 
photosynthesis 

The return of the electron restores the chlorophyll 
molecule to 1ts ground-state, and the system 1s ready 
again to accept a hght quantum and repeat the pro- 
cess Chlorophyll can, of course, also be restored to 
the ground-state when the expelled electron returns 
directly without gomg through the enzymatic 
“energy transformer stations" , but m that case 
electron energy has not been converted into chemical 
energy and hence photosynthesis has not occurred 
Instead, a light quantum 1s emitted and the charac- 
teristic fluorescence of chlorophyll 1s observed 

The primary photochemical reaction, in which an 
absorbed light quantum “excites” a chlorophyll 


— 
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Chlorophyll, on absorbing a l ght quantum, becomes ‘excited’ and expels electrons 
In both green plants and photosynthetic bacteria the energy thus acquired from the 


absorbed light ıs converted into the pyrophosphate bond-energy of adenosine triphosphate (ATP) during the ‘downhill’ return of electrons 
to chlorophyll by a cyclic electron transport system of the vitamin K type Ingreen plants there ıs a second cyclic electron transport system 
of the riboflavin phosphate (FMN) type for forming adenosine t1iphosphate and also an ‘open’, non-cyelie mechanism which transports 
electrons from chlorophyll to triphosphopyridine nucleotide (TPN) In the non-cyclic mechanism the electrons «cepted by triphospho- 
pyridine nucleotide are replaced by those donated to chlorophyll by OH- 10ns, with a resulting evolution of oxygen Cytochrome (cyt) 


ts are visualized 1n the electron transport chain of the cyclic and. non-cyclic mechan:sms —-It 1s suggested that photosynthetic 


bacteme wso-ttstrt-vrrorey-Only for the formation or adenosine triphosphate by the vitamin-K type of cycle photophosphorylation 
"Green plants, however, require both the cyclic and non-cyelic electron transport systems for the formation of assimilatory power, that 
1s, adenosine triphosphate and reduced triphosphopyridine nucleotide (TPNH,) These two substances are then used for assimilation 
of carbon dioxide to the level of sugar and starch ın a series of dark reactions involving the regeneration of rrbose-5-phosphate (R-5-P) 


and ribulose diphosphate (Ru-D-P) F er details are given 1n the text 


molecule and “expels” an electron 1s represented by bacteria but which ıs in both cases closely associated 
equations 4 and 4a The symbol (Chlp)+ ıs intended with the photosynthetic apparatus (equation 6) 
to denote that the chlorophyll molecule as ıt expels an The cytochrome reduced in reaction 6 donates 
electron becomes 1eady to accept another and in this electrons to the excited chlorophyll from reaction 4, 
way returns to a normal state (cf “odd 10n’’51) in a “termimal’’ reaction (equation 7) which restores 


Chip + hy ——— Chlp* 
Chlp* = (Chlp)* + electron 


the chlorophyll to its normal ground-level and 
(4) produces an oxidized cytochrome It ıs visualized 
(4a) that phosphorylation is coupled with the oxidation 
of this terminal cytochrome component in a manner 


The obser ved cyclic photophosphorylation reactions analogous to the phosphorylations which accompany 
of isolated chloroplasts and bacterial chromatophores the oxidation of cytochromes by mitochondria’? 


ale best explained by a hypothesis that the electron 
expelled m the pimnaiy photochemical reaction 18 


2 (Chip + Av) —> 2 (Chlp)* + 2 electrons (4b) 


iestoied to chlorophyll by one of two enzymatic Vit Ko, + 2 electrons ——- Vit Krea (5) 


pathways corresponding to the vitamin K and the 
iiboflavin phosphate types of cyclic photophosphory- 


Vit Krea + 2 Fe**eytr —— Vit Kox + 2 Fe*cytr (6) 


lation The path of elections in each of the two path- 2 Fe*cytr + 2 (Chip)+ + ADP + H,PO, —- 





ways will now be traced sepaiately (cf Fig 1) 2 Fe*:oyty + 2 Chlp + ATP (7) 
In the vitamm K pathway, ıt is visualized that 

two electrons from reaction 4 (written below for Sum ADP + H,PO, + 2hv > ATP (1) 

schematic clarity as equation 4b) are transferred to 

an oxidized form of vitamin K, giving reduced vitamin The sum of reactions 4b, 5, 6 and 7 would 1esult m 


K (equation 5) Reduced vitamm K is in turn 8 cyclic photophosphorylation as represented earlier 
oxidized by a cytochrome component (cyti, which by equation 1, m which light 1s the “energy-substrate” 
may be different in green plants and photosynthetic which is bemg consumed It 1s quite possible that 
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reaction 6, the oxidation of reduced vitamm K, 1s 
also coupled with phosphorylation, as was suggested 
by the model reactions proposed by Wesselst?, 
Harrison®* and Clark, Kirby and Todd*4, thereby 
increasing the total number of phosphorylations which 
result from the cycle transport of two electrons in 
the overall reaction 1 

The proposed mechanism for the vitamin K path- 
way 1s regarded as the srmplest pattern common to 
green plants and photosynthetic bacteria for con- 
verting hght into a single form of chemical energy, 
an energy-rich pyrophosphate bond All other 
energy conversion. reactions in photosynthesis would 
therefore be expected to be modifications of this basie 
design 

If this basic postulation ıs correct, 1b follows that 
cycle photophosphorylation should be abolished 
if the electrons are prevented from completing the 
cycle by a transfer to an external electron acceptor 
To be convinemg, such an experiment should be 
carried out with an electron acceptor which would 
be free from the suspicion that ıb prevented phos- 
phorylation by actmg as an uncoupler, or ın some 
toxie manner 

An electron acceptor which fulfils these require- 
ments ıs ferricyanide It does not uncouple or other- 
wise inhibit photophosphoryjation smce its reduction 
by illuminated chloroplasts 1s accompanied by a phos- 
phorylation (equation 3) of the non-cyclic typet 2 
Moreover, as shown by Jagendorf** and confirmed in 
this laboratory, ferricyamide has a great affinity for 
electrons released durmg the illummation of chloro- 
plasts Ferricyamde added to a vitamm K or 
phenazine methosulphate system becomes reduced 
and cycle photophosphorylation ıs replaced by the 
non-cycelic type until all the ferricyanide has reacted 

As was mentioned earlier, the non-cyche photo- 
phosphorylation with ferricyanide (equation 3) 
requnes ehloride* In the absence of chloride, ferri- 
cyanide would still accept electrons from the i1llummn- 
ated chloroplast system, but non-cyclic photo- 
phosphorylation could not occur Thus by addmg 
ferricyanide, m the absence of chloride, to a cyclic 
system of the vitamin K type which 15 mdependent of 
chloride, cycle photophosphorylation should be 
inhibited ıf the proposed hypothesis ıs correct The 
cyche transport of electrons m the closed circuit 
would be imterupted since the electrons would 
be removed fiom the system and used in the reduction 
of ferricyanide 

Table 2 shows that this theoretical prediction has 
been experimentally verified The addition of ferri- 
cyanide abolished cyclic photophosphorylation both 
ın chloroplasts’ and ın chromatophores?” Addmg this 
10n 1n its reduced form, as ferrocyanide, was without 
effect The 1eduction of ferricyanide with ascorbate 
either prior to or during illumination of the photo- 
synthetic particles restored ın full thew capacity foi 
cycle photophosphoiylation The conclusion seemed 
justified, therefore, that the mhibitory effect of ferri- 
cyanide resulted from the capture, by this 10n in its 
oxidized form, of electrons which would have normally 
travelled the cyche electron tiansport route (Fig 1) 
This conclusion was strengthened by the findmg 
that the mhibition was produced by very low con- 
centrations of ferricyanide This would be expected 
if, as demanded by the hypothesis, the capture of 
electrons from the cyche system left its catalytic 
components ın an oxidized form 

The riboflavm phosphate type of cyche photo- 
phosphorylation 1s visualized as a modification of the 
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Table 2 INFLUENCE OF CHLORIDE OV FERRIOYANIDE INHIBITION OF 
CYcLIC_PHOTOPHOSPHORYLATION BY SPINACH CHLOROPLASTS AND 
BACTERIAL CHROMATOPHORES (Chromatium) (refs 6, 7) 
(umoles phosphate esterified ın 30 min ) 

















Chloroplasts Chiomatophoires 
Treatment —chlonde +chloride | —chloride -Fehloiide 

Control 92 98 49 51 
Ferricyanide 

1 umole 05 91 04 03 

2 umoles 05 88 05 05 

3 umoles 05 87 04 04 
Ferricyanide, 

5 umoles, reduced 

by ascorbate* 72 78 62 68 
Ferrocyanide, 

5 umoles 94 97 54 51 


MÀ 

* Sodium ascorbate (5 moles) was tipped in from a sldeaim 15 nun 
after the beginning of the experiment, and illumination was then 
continued for 30 min 

In the chloroplast series the reaction mixture was the same as in. 
the phenazine methosulphate treatment described in Table 1 except 
that 0 25 mgm chlorophyll was used In the chromatophoie series 
(ref 7) the reaction mixture (final volume, 3 ml ) contained dialysed 
Chromatuum chromatophores (0 23 mgm  bacteiiochlorophyll) and 
dialysed extract, and the following 1n moles tris(hydroxymethyl)- 
aminomethane, pH 7 8, 80, adenosine diphosphate, 10, labelled 
potassium phosphate, pH 7 8, 10, magnesium sulphate, 5, vit Ks, 
03, and phenazine methosulphate, 0 1 The ‘plus chloride’ treat- 
ments received 10 moles potassium chloride Special additions as 
indicated Other experimental conditions as described in Table 1 


vitamin K type The electron expelled by light from 
chlorophyll in reaction 4 1s also returned by a 
cycle pathway but one which includes taiphospho- 
pyridine nucleotide and a second cytochrome com- 
ponent (Fig 1), m accordance with equations 8, 9, 
10 and 11 The riboflavm phosphate (FMN) pathway 
1s completed when the reduced termmal cytochrome 
component (cytz) formed in reaction 11 ieacts with 
chlorophyll through reaction 7, as ın the vitamin K 
pathway 

2 (Chip + Av) —— 2 (Chlp)+ + 2 elections (4b) 
reductase 


TPNox + 2 electrons —————- TPN:iea (8) 
TPNrea + FMNox —— TPNox + FMN ea (9) 
FMNrea + 2 Fe**eytr; —> FMNox + 2 Fe*cytyr (10) 


Cc 
2 Fe*cytir + 2 Fe*reyty —— 2 Fe*eytyy + 





2 Fe*«eytr (11) 

2 Fo%cytr + 2 (Chlp)* + ADP + H,PO, —— 
2 Fe*:eyti + 2 Chip + ATP (7) 
Sum ADP + H,PO, + 2v — ATP (1) 


The sum of reactions 4b, 8, 9, 10, 11 and 7 would 
also brmg about a cyche photophosphorylation as 
represented by equation 1 According to this formula- 
tion the riboflavin phosphate pathway shares with 
the vitamin K pathway the primary photochemical 
reaction (equation 4) and the same site for phosphory- 
lation (equation 7) By analogy with oxidative 
phosphorylation m mutochondza*, the mboflavin 
phosphate pathway im chlo. oplasts might also result 
m additional phosphorylations coupled with 1eactions 
9 and 10, resulting 1n more than one pyrophosphate 
bond foimed per two elections 

It is postulated that reduced 11boflavin phosphate 
cannot reduce directly the termmal cytochrome 
component needed ın reaction 7 (cytr) but can do so 
only through the intermediary of a second cytochiome 
component (cyti) as shown in reaction 10 ‘This 
postulation 1s necessary, smce the riboflavin phosphate 
pathway 1s dependent on chloride, and, on present 
evidence’, the effect of chloride can best be explained 
by assigning to this ion a catalytic function m a 
portion of a cytochrome ólectron transport chain 
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which 18 represented by equation 11 The riboflavin 
phosphate pathway would also depend on the special 
reductase needed for the reduction of triphospho- 
pyridine nucleotidet5,59 


Carbon Dioxide Reduction and Oxygen 
Evolution 


Cyche photophosphorylation provides the same 
basic mechanism for forming adenosme triphosphate 
at the expense of light energy for both green plants 
and photosynthetic bacteria But cycle photo- 
phosphorylation cannot, by itself, result in carbon 
dioxide reduction—it does not supply the necessary 
reductant Moreover, the proposed mechanism for 
cycle photophosphorylation makes no provision for 
the most distmctive feature of photosynthesis im 
green plants, the evolution of oxygen—a feature which 
distinguishes sharply between photosynthesis m 
green plants and m photosynthetic bacteria, where 
oxygen evolution does not oocui* 

In developing a general hypothesis for photo- 
synthesis to embiance both green plants and photo- 
synthetic bacteria there is a choice between two 
alternatives One can, as van Niel did’, postulate 
that the basic smnilarity between these two types of 
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of oxygen Accoidmg to the present hypothesis 
an external hydrogen donor ıs needed in bacterial 
photosynthesis to supply hydrogens (probably via 
pyridine nucleotides) for carbon dioxide reduction 
In this view what is common to both types of photo- 
synthesis 1s a mechanism for formation of adenosine 
tiiphosphate by a photochemical reaction, what 
1s different 1s the manner of supplying the reductant 
for carbon assimilation Oxygen evolution by green 
plants becomes merely a consequence of the special 
way m which they form reduced tiiphosphopyiidme 
nucleotide m light 

Recent expeirmments of Ogata et al’ support the 
proposal that m photosynthetic bacteria the external 
hydrogen donor reduces pyridme nucleotides mde- 
pendently of light Chiomatophores isolated from 
Chromatvum cells, grown with either thiosulphate or 
hydiogen gas as the external hydrogen donor, were 
found? to contain an active hydrogenase, capable of 
reducing pyridine nucleotides with molecular hydio- 
gen in the dark On the basis of present evidence, the 
similarities and differences in photosynthesis of green 
plants and bacteria (represented here, for the sake of 
simpheity, by Chromatvum grown. with hydrogen gas 
as the external hydrogen donor) can be summarized 
as follows 

e 


PHOTOSYNTHESIS 


GREEN PLANTS 


PHOTOSYNTHETIC BACTERIA (Ch»omatium) 





Cycle photophosphorylation 
ADP + P—— ATP 


Non eyche photophosphorylation 
QTPN + 2H;*O + 2ADP + 2P — 
2TPNH, + *O, + ZATP 


LIGHT PHASE 
l 


Cuche photophosphorylation 
ADP + P — ATP 





Carbon assumdalion, 
CO, + 2TPNH, + n ATP —— 
(CH:0) + H:0 + 2TPN +n ADP +n P 


DARK PHASE 


Pyridine nucleotide reduction 
2PN + 2H; ——> 2PNH: 


Carbon assimilation 
CO, + 2PNH, 4- n ATP ——> 
(CH0) + H.0 +2PN +n ADP +n P 





Su light 


m 
CO: + 2H;*0 m (CH,0) + *0O. + H,O 








Sum 





light 
CO, + 2H, ——— (0H;0) + H:0 





photosynthesis 1s the common photochemical origin 
of a reductant fo. carbon dioxide and the precursor 
for molecular oxygen Van Niel proposed that the 
light reaction m both groups of organisms 18 à photo- 
lysis of water which results in the formation of a 
reduced and oxidized moiety, (H) and (OH) To 
account for the lack of oxygen evolution in bacterial 
photosynthesis van Niel pointed to the well-estab- 
lished requirement of this process for an external 
hydrogen donor ‘The external hydrogen donor was, 
in lus postulation, required for reducing the (OH) 
back to water, and in this manner keepmg the photo- 
synthetic apparatus m bacteria functioning? 

With the 1ecognition of cycle photophosphoryla- 
tion as a process common to photosynthesis m green 
plants and photosynthetic bacteria, an altoinative 
hypothesis 1s now possible which omits photolysis of 
water as the common photochemical 1eaction m 
photosynthesis The alternative hypothesis proposed 
here considers oxygen evolution in green plants to 
result not from a photolysis of water but fiom an 
“opon” non-cyele electron transport mechanism 
which 1s peculiat to green plants In photosynthetic 
bacteria a precursor of oxygen would not be formed, 
and hence there would be no need to postulate 
that the function of the external hydrogen donor 
in bacte1ial photosynthesis 1s to reduce a precursor 


The non-cyche electron transport process which, in 
photosynthesis of green plants, results m a lght- 
dependent reduction of tirphosphopyridme nucleo- 
tide, evolution of oxygen, and the formation of 
adenosine triphosphate is visualized as shown m 
Fig 1 This process shares with cyclic photophos- 
phorylation the primary photochemical reaction 
(equation 4) and the phosphorylating site (equation 
7) It differs from the cyclic pathway in that the 
electron expelled in reaction 4 does not return to the 
chloiophyll molecule but 1s removed from the cyclic 
pathway by tarphosphopyridine nucleotide, and used 
(along with the accompanymg proton) erthe: for the 
reduction of carbon dioxide and the formation of 
carbohydrates durmg normal photosynthesis, or, 
under special conditions, for the production and 
accumulation of reduced tiiphosphopyridine nucleo- 
tide (equation 2) 

To keep the chlorophyll system functional the 
electrons removed by non-cyclic transport must be 
continuously replenished It ıs suggested that this 
1s accomplished by an interaction between hydioxyl 
1ons (or water) and a cytochrome component peculiar 
to the photosynthetic apparatus of green plants but 
absent ın photosynthetic bacteria This reaction, 
represented by equation 14, ıs visualized as being 
possibly an ‘anode’-type dark reaction, m which 
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OH” ions yield molecular oxygen and donate electrons, 
via a cytochrome chain (equations 14, 11, 7), to 
chlorophyll, where they are raised, at the expense of 
absorbed light energy, to the reducing potential 
quired in photosynthesis. The protons (equation 
12) are donated to triphosphopyridine nucleotide as 
it is reduced (equation 13) and, in combination with 
electrons, provide the hydrogen atoms used in the 
formation of carbohydrates. A corollary of the 
scheme is that water, though not undergoing photo- 
lysis, is still the source of the oxygen evolved in 
osynthesis by green plants. 
actions leading to oxygen evolution appear 
be thermodynamically feasible, since the energy 
ibution of one einstein of red light, about 
43 keal., is equivalent to a potential of 1-9 V. per 
faraday. This is more than sufficient to carry out 
the half reaction, 2H,0 — O, + 4H* -+ 4e, which at 
25° and pH 7 has E’, = 0-815 V. per faraday. 
"The sum of reactions 4b, 12, 13, 14, 11 and 7 would, 
i; shown below, result in the non-cyclic type of 
phosphorylation (equation 2). 











(Chip + hv) ——. 2 (Chip) + 2 electrons (45) 
2H,0——-2H* + 20H- (12) 
THEE è reductase 
PNox --2H* + 2 electrons —————» TPNH, (13) 
2 OH- 2 Fe*cyty ——-2 Fe*eyty + 
E 1/2 O; + H,O (14) 
S cr 
Feteytir + 2 Fettoyty —— 2 Fe™ cyt + 
2 2 Fe*cyti (11) 
2 RFeteyti + (Chip): + ADP + HPO, -> 
CU 2 Fe*eyty + 2 Chip + ATP (7) 
um: TPN + 2H.O + ADP + HPO, + 2 hy > 
iu TPNH, + 1/20, + ATP + H,O (2) 


‘he non-cyclie. photophosphorylation (equation 3) 
oupled with the reduction of ferricyanide (repre- 
nied here by Fe**) is regarded as a variant of the 
riphosphopyridine scheme in which reaction 13 
| been replaced. by reaction 15. 


"2 Fe% + 9 electrons ——> 2 Fe% (18) 


he sum of reactions 4b, 15, 12, 14, 11 and 7 would 
hen result.in the non-cyclie photophosphorylation 
presented by equation 3. 

Ferricyanide was already used (Table 2) to demon- 
rate that, without chloride, chloroplasts behaved 
ike chromatophores. Ferricyanide was also used in 
resence of chloride (Table 2) to show that the 
yelie electron transport system is absent in 
erial photosynthesis. When chloride was added 
‘he reaction mixture the inhibition of eyclie photo- 
phorylation by ferricyanide was overcome in the 
e of chloroplasts but not of chromatophores. This 
would be expected if the chloroplasts were able to 
complete the non-cyclic electron transport system via 
‘yeactions 14 and 11 resulting in oxygen evolution. 
Oxygen evolution would proceed until all the ferri- 
'cyanide was reduced, at which time the inhibition of 
‘cyclic photophosphorylation would disappear. In 
the case of chromatophores the addition of chloride 
would not overcome the ferricyanide inhibition of 
cyclic photophosphorylation since the bacterial 
“system cannot carry out the non-cyclic electron 
s transport in which ferricyanide is reduced and 

oxygen is released. 
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Cytochromes in Photosynthetic Cells 


The proposed hypothesis assigns an important role 
in the photosynthetic process to cytochromes. This 
is based on extensive research in other laboratories. 
Hill, Scarisbrick and Davenport^*-5** found that the 
hematin content of leaves is much higher than that 
of other plant tissue. They found that a new cyto- 
chrome component, f, was found only in green tissues, 
and, as shown by Davenport5*, was confined to chloro- 
plasts. Hil’! has also identified another eytochrome 
characteristic of chloroplasts, cytochrome b,. . Elsden, 
Kamen, Vernon and Newton*!'-** isolated. character- 
istie cytochrome components, one of which resembles 
cytochrome c, from photosynthetic bacteria of both 
the facultative and the strictly anaerobic photo- e“ 
autotrophic type. 

Another basic premise of the proposed theory is 
that the cytochromes active in the photosynthetic 
apparatus become predominantly oxidized on illum- 
ination (cf. equation 7). This is necessary for photo- 
synthetic phosphorylation, but, in the case of green 
plants, also for oxygen evolution. It is the pre- 
dominantly oxidized state of cytochromes which is 
considered to provide the requisite positive potential 
on which the evolution of oxygen from OH- ions .. 
would depend. Evidence from several laboratories 
indicates that oxidation of cytochromes promptly: 
follows the illumination of photosynthetic pigments. 
Lundegardh* found that on illumination of Chlorella 
cells, leaves or leaf homogenates, cytochrome f becomes 
predominantly oxidized. The oxidation of cyto- 
chrome components of alge and photosynthetic 
bacteria following illumination, was reported by 
Duysens**, Chance and Sager“, Chance and Smith, 
Olson and Chance®® and Smith and Ramirez™: 
Of interest in this connexion is also the report of 
Nieman and Vennesland'* on the presence of a cyto- 
chrome photo-oxidase in chloroplasts. se 

It appears that despite variation in methods an 
experimental materials the evidence from. diff 
laboratories supports the principal conclusion that. 
oxidation of cytochrome components follows illumina- . 
tion of photosynthetic cells. Although it is premature 
at this time to equate the eytochrome reactions 
postulated here with known cytochrome components 
or to assume that the complete photosynthetic cyto- 
chrome chain is already known, it seems likely that 
the eytochromes already found to be specific to 
chloroplasts and photosynthetic bacteria will prove 
to be involved in the postulated reactions or their 
equivalents. 










Cyclic Photophosphorylation and Carbon Dioxide 
Assimilation in Green Plants 


In developing the theme that cyclic photophos- 
phorylation is a mechanism shared by all photosynthe- 
tic cells it was implied, but not proved, that in carbon i; 
dioxide assimilation, green plants, like photosynthetie | © 
bacteria, still depend on this mechanism for adenosine 
triphosphate formation although they have evolved 
the non-cyclie type (reaction 2) of photophosphoryla- 
tion which is peculiar to them. Stated in other terms 
it was implied that adenosine triphosphate formed 
reaction 2 alone is insufficient for the assimilation 
carbon dioxide to the level of carbohydrate. S 

Experimental evidence for the participation. of ^ ' 
cyclie photophosphorylation in carbon dioxide 
assimilation by chloroplasts had to be sought in a 
system different from the one described before! 
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phase was limited to cyclic photo- 
phosphorylation (reaction 1); and 
(c) when the photochemical phase 
included both reactions 1 and 2. 
Figs. 2 and 3 show that under 
conditions (a) &nd (b) carbon di- 
oxide assimilation was limited al- 
most entirely to the formation 
of phosphoglycerate. As shown 
in Fig. 4, the formation of sugar 
phosphates, which is taken as a 
measure of a reductive (photo- 
synthetic) carbon dioxide assim- 
ilation in this reconstituted chloro- 
plast system, was observed only 
in case (c) when a proper balance 
was established between the non- 
cyclic photophosphorylation re- 
action (equation 2) and _ cyclic 
photophosphorylation (equation 1). 
In the experiments illustrated 
by Figs. 2, 3 and 4 the balance 
between the non-cyclic and cyclic 
photophosphorylation was main- 
tained by adding different amounts 
of ong of the catalysts of cyclic 
photophosphorylation, riboflavin 
phosphate, vitamin K or phen- 
azine methosulphate. Concordant 
| s results were also obtained by 
^ Trebst et al* with inhibitor ex- 
rane periments. For example. using 
Fig. 2. Radio-sutograph of a chromatogram showing products of photosynthetic "CO, the uncoupling effect of ammonia** 
assimila 


tion by illuminated SUOLUP MM : Wy = of added riboflavin phosphate on both cyelie and  non-cyelic 
(ef. refs, 8, 24) JV 


» 


BUTAMOL/ACETIC ACIO/ WATER ——————e 


PHENOL / WATER ———— ———————* 


in which reduced triphosphopyri- 
dine nucleotide and adenosine tri- T231-1 
phosphate were first generated in 30'L 
substrate amounts by means of C, , 0.5 pM FNN 
reaction 2, and then used later for "^ 
the assimilation of carbon dioxide 
in the dark. Here reduced tri- 
phosphopyridine nucleotide and 
adenosine triphosphate were already 
supplied in excess and a second 
reaction for generating adenosine 
triphosphate would be superfluous. 
However, evidence for the par- 
ticipation of cyclic phosphorylation 
in carbon dioxide assimilation by 
isolated chloroplasts was recently 
obtained by Trebst et al. in a 
catalytic system, that is, one in 
which, as in an intact cell, reduced 
triphosphopyridine nucleotide and 
adenosine triphosphate were present 
in catalytic amounts and carbon 
dioxide fixation was therefore poss- 
ible only in the light while reduced 
triphosphopyridine nucleotide and 
adenosine triphosphate were being 
continuously regenerated at the 
expense of absorbed light 
energy. 

Carbon dioxide assimilation in I 
this catalytic system was inves- T 


PHOSPHOGLYCERATE 


4 
AT 
a ee 


BUTANOL/ACETIC ACID/ WATER ———————» 


tigated, under three conditions : 


(a) when the photochemical phase | Vic not dase > EN 
was limited to non-cyglie photo- ° Sau 23-23 

i i “ti ig. 3. E hromatogram showing products of photosynthetic “CO 
phosphorylation reaction (reaction Fig E Bagg tga ci of as > p i 
2); (b) when the photochemical = “°°? oy Tluminated pion ee 0-5 mole riboflavin phosphate 
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PHENOL / WATER ————— — 


ig. 4. 
(cf. refs. 8, 24) 


photophosphorylation it was possible to suppress the 
formation of adenosine triphosphate by illuminated 
chloroplasts (reactions 1 and 2) without inhibiting 
the reduction of triphosphopyridine nucleotide in 
reaction 2. Under these conditions, carbon dioxide 
fixation was completely abolished except when tho 

tor” substance for carbon dioxide was ribulose 
diphosphate. In that case a single product, phospho- 
glyceric acid, was formed by the carboxylase reaction 
(cf. review ref. 72), which does not depend on added 
adenosine triphosphate; but in the absence of 
adenosine triphosphate, the phosphoglyceric acid 
was not reduced by the reduced triphosphopyridine 
nucleotide. 

Parallel experiments of Losada et al.’ on specific 
enzyme systems in chloroplasts fortified these lines 
of evidence and supported the conclusion, that in a 
reconstituted “‘catalytic’’ chloroplast system (in 
which carbon dioxide assimilation can occur only in 
the light) non-eyelie photophosphorylation alone 
(reaction 2) does not provide sufficient adenosine 
triphosphate for a reductive assimilation of carbon 
dioxide to the level of carbohydrate. Additional 
adenosine triphosphate must be supplied by cyclic 
photophosphorylation (equation 2), 


General Comments 


Modified elements of the proposed hypothesis 
.have been considered by other authors (cf. review 
ref. 21). The first comprehensive theoretical proposal 
for a role of adenosine triphosphate in photosynthesis, 
within the framework of the photolysis of water hypo- 
thesis was formulated by Ruben'* in 1943. Shortly 


Radio-autograph of a chromatogram showing products of photosynthetic “CO, 
assimilation by illuminated chloroplasts supplied with 0-001 «mole riboflavin phosphate 
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thereafter, Emerson, Stauffer and 
Umbreit?* proposed that the “sole 
function of light energy in photo- 
synthesis is the formation of 
‘energy-rich” phosphate bonds”. 
They included in this generaliza- 
tion both green plants and photo- 
synthetic bacteria, and made no 
provision for a photochemical gen- 
eration of a reductant for carbon 
dioxide assimilation by green 
plants. But the main reason 
why their proposal has met with 
little acceptance in the ensuing 
years was the lack of substantial 
experimental evidence in their ex- 
periments with Chlorella (cf. refs. 
75, 76) for participation of phos- 
phorus in photosynthesis. 

With respect to cytochromes, 
Davenport and Hill*9 
that the primary photochemical 
process in photosynthesis is the 
reduction of 4 molecules of oxi- 
dized cytochrome f by one quantum 
of light which transfers 4 electrons 
in a reaction resulting in a decom- 
position of water to give molecular 
oxygen. They envisaged, then, 
a dismutation type of reaction, 
in which half the reduced cyto- 
chrome is re-oxidized by oxygen 
to provide additional energy needed 
to produce another cytochrome 
with a more reducing potential. 
A series of such energy dismuta- 
tions would, as they envisaged, 
finally result in the production of a reductant 
with a potential low enough for carbon dioxide 
assimilation. 

Kamen’? has suggested that “the splitting of water 
as such may not be involved in the initial light reaction 
but can occur instead as a result of the transfer and 
storage of energy during dark back-oxidations’’. 
He proposed that “single quantum events mediate 
the production of adenosine triphosphate and other 
high energy compounds” and that “the evolution of 
oxygen [occurs] as a result of the gradual accumula- 
tion of a store of oxidized material. In the case of 
bacteria, the oxidants are removed by reaction with 
exogenous H donors". 

'The hypothesis proposed here rules out the formu- 
lation of oxygen precursors in bacterial photosynthesis 
and assigns to the exogenous hydrogen donors the role 
of carbon dioxide reductants. But the reduction of 
carbon dioxide also requires adenosine triphosphate, 
and what distinguishes photosynthetic from non- 
photosynthetic bacteria is the ability to form 
adenosine triphosphate at the expenso of light energy 
by cyclic photophosphorylation. In the case of 
facultative photoautotrophs, such as the purple 
bacteria, "light and oxygen are interchangeable’. 
This is now interpreted as meaning that these 
organisms use the same carbon dioxide reductants in 
light and in dark, but have two ways for forming 
adenosine triphosphate : either anaerobically in the 
light or aerobically in the dark. 

The capacity to transform light energy absorbed 
by chlorophyll into pyroghosphate bond energy, 
rather than the photochemical formation of a carbon 
dioxide reductant, is regarded as the common de- 
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nominator of photosynthetic metabolism in bacteria 
and in green plants. Reasons were given elsewhere! 
for considering cyclic photophosphorylation, in the 
time scale of biochemical evolution, as à "primitive" 
type of photosynthesis which preceded that now 
found in green plants. 

Viewed in this light, green plants appear to have 
acquired an "open", non-cyclic type of electron 
transport for reducing triphosphopyridine nucleotide 
by a photochemical reaction (equation 2) while 
retaining eyclic photophosphorylation common to 
green plants and photosynthetic bacteria. This 
departure from the “primitive” photosynthetic pattern 
was made possible by the evolution of suitable 
enzymes such as the light-dependent triphospho- 
pyridine nucleotide reductase!*5*, and a chloride- 
dependent cytochrome system, one member of which 
is assumed to be capable of evolving oxygen from 

water. With regard to the role of chloride in photo- 
synthetic reactions, it is of interest that Arisz'* and 
Van Lookeren Campagne'? have found a light- 
dependent chloride absorption in Vallisneria leaves. 

The main features of the proposed hypothesis 
explain and reconcile the observed photochemical 
reactions in green plants and photosynthetie bacteria 
as they are now known ; but it is expected that other 
aspects of the hypothesis will be modified and ampli- 
fied as new facts become known. Despite the basic 
similarity between cyclic photophosphorylation in 

green plants and photosynthetic bacteria it is possible 
that the detailed mechanism of this process may be 
different in the highly aerobie cellular environment 
of green plants from that in the strictly anaerobic 
environment of photosynthetic bacteria. The uncer- 
tainty as to the role of ascorbate (cf. ref. 26, 80) is 
another aspect which must await further clarification. 
It is also now difficult to explain satisfactorily why, 
in view of the large concentration of vitamin K in 
chloroplasts (cf. reviews, refs. 24, 26), additions of 
catalytic amounts of this substance would still be 
necessary for cyclic photophosphorylation, unless 

_ it is assumed that endogenous vitamin K performs 
another function in chloroplasts®, conceivably, by 
acting in the chloride-dependent electron transport 
chain. On the other hand, the effect of phenazine 
methosulphate is consistent with the postulated 
participation of cytochromes in this process, Singer 
and Kearney?! have shown that succinic dehydro- 
genase as well as "other cytochrome reducing dehy- 
drogenases” react faster with phenazine than with 
any other known hydrogen acceptor. 

Different aspects of photosynthesis received recog- 
nition in successive periods of its history. To its 
discoverers, Priestley and Ingen-Housz, photosynthe- 
sis seemed at first a cosmic device for correcting bad 

' air by. generating oxygen (dephlogisticated air). 
' For a long period afterwards research in photosynthe- 
sis was dominated by the conviction, later shown to 
be erroneous, that carbon dioxide assimilation was 

s peculiar to photosynthesis. Finally, photolysis of 

"water, as manifested by evolution of oxygen by green 
plants, came to be regarded as the basic photochemi- 
cal reaction in photosynthesis. Now it appears 
that the main feat of photosynthesis, the conversion 
of light into chemieal energy, is, fundamentally, 
even in green plants, more closely linked with 
phosphorus than with carbon assimilation. In green 
plants but not in photosynthetic bacteria this energy- 
conversion process, geared to phosphorus metabolism, 

` ig àecompanied by the formation of a carbon dioxide 
reductant and oxygen evolution. 
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Sir William Larke, K BE 


Str WILLIAM JAMES LARXE, who died on April 29, 
three days after his exghty-fourth birthday, deserves 
honourable remembrance among scientists for his 
powerful advocacy of scientific research m the ser- 
vice of industry Born m 1875, educated at Colfe's 
School, and trained as an engmeer with H F Joel 
and Co, Finsbury, and Siemens Brothers at Wool- 
wich, Larke was engineer and manager of the British 
Thomson-Houston Company’s power and muung 
department fiom 1899 until 1912, when he became 
executive engmeer During the First World War he 
served with the Ministry of Munitions and was 
appointed duector-general of raw materials in 1919 

In 1922 Larke accepted an invitation to become 
director of the National Federation of Iron and Steel 
Manufacturers and it was here that he found his 
first experience. of organizing co-operative research 
for an entire industry The 1esult was the establish- 
ment of the Iron and Steel Industrial Research 
Council, of which Sir William was the chairman from 
1938 until 1945, and ultimately of the British Iron and 
Steel Research Association, which now carries on the 
work 

Sir Charles Goodeve, director of the British Tron 
and Steel Research Association, writes “BISRA 
18 now the largest of the research associations and ıt 
may not be generally appreciated that 1ts predecessor 
operated on a small scale with a headquarters staff 
of about fifteen actimg as the technical department 
of the British Iron and Steel Federation Under 
the guidance of Larke and the head of the British 
Lon and Steel Federation Technical Department, 
the late Mr E C Evans, a substantial and effective 
iesearch programme was cared out with a very 
modest budget, and few can have excelled Larke and 
Evans in therr ability to stretch available funds to 
the utmost They had no laboratones of their own 
and much of the programme was carried out by 
works personnel or in academic institutions under 
the general direction of committees serviced by the 
small central staff But this staff also did practical 
work themselves, and the goodwill built up by Larke 
in steel companies and m university laboratories 
meant that facilities were readily provided Between 
1924 and 1939 studies of the performance of blast 
furnaces, open hearth furnaces and rollmg mulls were 
carried. out and several of the fundamental principles 
governing efficiency were determmed Many of the 


methods used were basically simular to those which 
are now known as operational research” 

Sir Wilham was sixty when, m 1935, the inter- 
national symposium on weldmg organized by the 
hon and Steel Institute convmeed him of the 
Importance of the new processes for the Jomung of 
metals and of the need for an effective programme 
of fundamental research ın this field He was then 
a member of the advisory couneil to the Committee 
of the Privy Council for Scientific and Industrial 
Research, and with characteristic energy set himself 
to reorganize the Institution of Welding Engineers 
and to secure for ıt the support of such emment 
engmeeis as the late Sir Alexander Gibb, and fiom 
the Department of Scientific and Industrial Research 
and industry the financial backmg necessary for a 
co-operative research organization in weldmg From 
the Institute of Welding’s Welding Reseaich Council, 
of which Larke was chairman from its formation m 
1936, came research results of great value m the war- 
effort of 1939-46, and out of it the present British 
Welding Research Association was formed m 1946 

A leader of scientific research rather than a 
scientist, Larke mspired both affection and 1espect 
in those who worked with him, and the impress of 
his critical and constructive mind remains m many 
institutions in the field of engmeermg and metallurgy 
He was exceptional ın his readiness to welcome new 
ideas late ın Life, retammg to the end a lively and 
informed interest ın the institutions to which he had 
given so much, where a generation now in sight of 
retirement remembers the kmdly wisdom of his 
advice and the high standards of efficiency and 
service which he set them as then goal 

Guy PARSLOE 


Prof. William Moffitt 


On December 19, 1958, Wiliam Moffitt, associate 
professor of chemistry in Harvaid University, died 
suddenly of a heat attack at the age of thirty-three 
in Cambridge, Massachusetts Thus ended a brillant 
career which already had a great impact on his chosen 
field of theoretical chemistry and seemed destmed 
to go on to even higher levels of achievement 

Moffitt was born on November 9, 1925, m Berlin 
His father, a British citizen, was in Germany on a 
government mission Mofijtt’s early schoolmg was 
by private tutoring, but at the age of eleven he became 
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a pupil at the Harrow County Boys’ School He 
proceeded to a first-class honours degree 1n chemistry 
at New College, Oxford (1946) Two years of research 
at Oxford led to a D Phil in 1948 and a position with 
the British Rubber Producers’ Research Association 
at Welwyn, where he enjoyed great freedom to follow 
his chosen lines of inquiry In 1953, he went to 
the United States to become assistant professor of 
chemistry at Harvard Only two years later, he was 
appointed associate professor, one of the youngest 
to receive this rank 

In 1956, he marmed Dorothy Silberman of Cam- 
bridge, Massachusetts, ther daughter Alison was 
born in July 1958 

Moffitt’s papers all deal with the application of 
quantum mechanics to the problem of the electronic 
energies of molecules and related optical properties 
His earher publications were prepared at Oxford, 
where he studied under Prof C A Coulson, with 
whom he collaborated m a number of applications of 
molecular orbital theory A noteworthy product of 
this collaboration was the introduction of the idea of 
‘bent bonds’, that is, chemical bonds formed from 
overlapping atomic orbitals not directed along the 
Ime jommg the two bonded atoms 

After leavıng Oxford, Moffitt continued to publish 
applications of current methods but was struck with 
ther madequate quantitative accuracy He was 
thereby led to make perhaps his best-known contribu- 
tion, that of the method of ‘atoms m molecules’ He 
reasoned that one of the causes of the poor results 
then bemg obtamed m calculations of chemical 
bmding energies was that these rather small energies 
came out as the difference of two huge energies—the 
total electronic energies of the molecule and of its 
separated atoms Consequently, he worked out a 
procedure by which the interaction between the 
atoms was treated as a perturbation and its effects 
separated from the mternal energies of the atoms 
themselves The latter were obtamed from accurate 
spectroscopic data on free atoms 

At Harvard, he contmued his interest m the 
theoretical elucidation of the ultra-violet spectra of 
large conjugated molecules One contribution was 8 
refinement of the free-electron perimeter model, 
particularly elegant because of the simplicity of its 
starting pomt and the number of experimental 
observations which ıt correlates It has been stated 
that his work ın the spectra of aromatic molecules 
1s comparable in this field “to the importance of the 
complete theory of the Zeeman effect in interpreting 
atomic spectra" 

In addition to his earher interests, Moffitt charac- 
teristically took full advantage of his new scientific 
environment Thus, part of the reason for his entry 
mto the field of optical activity was provided by his 
interest m the research gomg on in the Harvard 
Laboratories concerning helical macromolecules and 
sterols A major effort was begun which contmued 
to the time of his death and which, though unfinished, 
helped to provide structural chemistry with a new 
tool Moffitt’s theoretical analysis of the problem of 
the optical activity of helical polypeptides, metal co- 
ordination compounds, and large ketones guided him 
to an appreciation of the importance of the circular 
dichroism and the properties of the absorption bands 
which are responsible for the optical activity He 
demonstrated that such bands could be characterized 
by parameters, extractable from the rotatory disper- 
sion data, which are sensitive to the nature of the 
asymmetrical environment of the chromophoric 
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group involved ın the transition It 1s this structural 
sensitivity which promises to be so useful to the 
organic chemist 

This work was a fittmg and logical application of 
the knowledge, skills and experience which Moffitt 
had acquired earlier He was thoroughly conversant 
with the techniques of the theoretical physicist, 
accomplished m the application of advanced mathe- 
matical methods, and at the same time learned m a 
remarkably wide range of chemistry 

Another area m which he was continuing was the 
interaction of electronic and nuclear motions, especi- 
ally ın the John-Teller effect This has to do with 
the instability of nuclear configurations which would 
lead to degenerate electronic energy-levels 

Few men had as great an impact at so early an 
age The reasons are clear Few have been endowed 
with such a sparkhng, quick and keen intelligence, 
with such a capacity for spending long hours in the 
thorough study of fundamental subjects, with such 
high standards , and finally, but by no means least, 
with such a warm, outgomg, and appealing person- 
ality Moffitt had tremendous innate assets and he 
used them fully and efficiently His intellectual 
powers were not only apphed to the solution of 
problems but perhaps even more to their wise selec- 
tion He avoided areas evhere only formal solutions 
were attamable, with no contact with experience 

Moffitt’s quickness of mind was obvious to all, as 
was his interest and devotion to science Perhaps 
not so obvious was the effort he expended, both m self- 
improvement and m the execution of his ideas His 
scientifie papers were prepared with great care Each 
one went through draft after draft until he had 
finally hand-written a version that met his exacting 
standards ‘The use of refined and proper language 
was for hm & necessity, obviously based on his 
enjoyment and wide knowledge of English literature 
His lectures, both in courses and on special occasions, 
were prepared with the same care as his manuscripts 
They were well-organized, clear, elegantly phrased 
and beautifully delivered 

Moffitt was much more than a scientist of outstend- 
ing distmetion, he was & cultivated man m the 
broadest sense, an enthusiastic athlete, and a human 
being of rare warmth, friendliness and consideration 
His death not only deprives science of a great mind 
but also takes away for ever from his numerous friends 
and associates a great spirit 

E Bricur WILSON, JUN 


Dr Gustav J Kramer 


On April 19, Dr Gustav Kramer, AbteWungslewer 
at the Max-Planck-Institut fur Verhaltensphysiologie 
and Lewer at the Vogelwarte Radolfzell of the Max- 
Planck-Gesellschaft zur Forderung der Wissenschaften, 
fell to his death while endeavouring to collect wild 
fledgling pigeons durmg a scientific expedition to 
Calabria m southern Italy With his death in his 
fiftieth year there must be a halt to very promising 
researches upon the homing, migration and orienta- 
tion of birds and other animals and upon a multi- 
pheity of alhed problems But such has been the 
inspiration which he has offered to his students and 
assistants that we may hope that his ideas will for 
many years yet contmue fertiizmg this field of 
study 

Gustav Kramer was born ın Mannheim on March 
11, 1910, and came of a wine-growing family After 
studying at the Universities of Freiburg, Konigsberg 
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and Berlin, he jomed the staff of the Kaiser-Wuhelm- 
Institut fur medizinische Forschung, workmg upon 
the sensory physiology of Xenopus and upon the 
metabolic processes of poikilotherms In 1934 he 
was appointed assistant at the jomt German—Itahan 
Marine Biological Laboratory at Rovigno d’Istria, 
and three years later assistant director of the Physio- 
logical Department of the Stazione Zoologica at 
Naples Here ıt was that he married an Italan 
zoologist During this period he continued his work 
on the metabolism of poikilotherms, concentratmg 
upon ccelenterates and lizards From this arose an 
investigation into the island and mamland races of 
lizards, with biometrical, genetical and hybridization 
findings 

It was not until after the Second World War, 
when he spent two years as lecturer m Heidelberg, 
that Dr Kramer’s life-long interest m birds led him 
into the field where his name will best be remem- 
bered, that of bird onientation, and when, in 1948, 
he was appomted as a departmental director at the 
Max-Planck-Institut at Wilhelmshaven he was able 
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to devote most of his energies to investigating this 
problem The decade smce this appomtment has 
seen the publication of a remarkable series of papers 
im which he has established the dependence of birds 
on the Sun and upon an ‘internal chronometer’ for 
therr feats of orientation, homing and migration In 
1958 the Max-Planck-Gesellschaft recognized Dr 
Kramer's achievements and promise by appomting 
him to direct an institute of animal behaviour, which 
was to be built at a site of his choosmg It is still 
under construction at Walddorf (Tubmgen) Less 
than thiee weeks before his death, the Gesellschaft 
made him director of its Radolfzell bud observatory 
(formerly the well-known Rossitten bud observatory) 
Gustav Kramer was an athlete and climber of some 
note, and ib 1s ronie that he should have met his 
death while usmg his ehmbing ability in his scientific 
work He 1s survived by his widow and by three 
children His unfailmg charm and hospitality and 
the imspiration he gave to his students, staff and 
scientific acquaintances will be remembered with 
affection D B CARLISLE 


NEWS and VIEWS 


Dr Warren Weaver 


ON August 1, Dr Warren Weaver retired from 
his present position as vice-president for the natuxal 
and medical sciences of the Rockefeller Foundation 
He has been appomted vice-president of the Alfred 
P Sloan Foundation, and he will continue his aotivi- 
ties on the National Science Board, on the National 
Advisory Cancer Council, on the Council fo Library 
Resources, as vice-chairman of the Health Research 
Council of the City of New York, and as vice-president 
and chairman of the Committee on Scientific Policy 
of the Sloan-Kettermg Institute for Cancer Research 
For twenty-seven and a half years Dr Weaver has 
had, withm the Rockefeller Foundation, admmustra- 
tive responsibility foi all activities m the natural 
sciences When the Rockefeller Foundation became 
active 1n agriculture m the early 1940's this field was 
placed under Dr Weaver’s general charge Stull 
more recently, m 1955, he was also assigned super- 
visory responsibility for the Foundation’s activities 
im the medical sciences 


Astronomy at Glasgow Prof W M. Smart 


Pror W M Smarz, regius professor of astronomy 
in the University of Glasgow since 1937, ıs to 1etire 
on September 30 Prior to 1937 Prof Smart had a 
background which combmed Cambridge mathe- 
matics and theoretical astronomy with naval navi- 
gation practice and teaching During this period he 
was engaged in research in stellar dynamics, par- 
tieularly with the phenomena of star streammg and 
Stellar motion His development of a flourishmg 
school of theoretical astronomy in Glasgow was based 
on this experience To assist m his teachmg work, 
and to help theoretical astronomy everywhere, he 
wrote three well-known and widely used astronomical 
text-books m addition to a number of other books of 
academic, educational and popular interest He 
encouraged his department in studies ın stellar 


motion and other theoretical problems It ıs under- 
stood he will move to the London area on retirement 


Prof. P A. Sweet 


Dr P A SwzzT has been appointed to succeed 
Prof Smart He has, smce 1952, been a lecturer in 
astronomy at University College, London, and also 
assistant director of the University of London 
Observatory The mcoming professor is not new to 
Glasgow, havmg lectured there during 1947-52 
After completing the Mathematical Trrpos at Cam- 
bridge m 1946, Dr Sweet commenced theoretical 
researches ın the field of stellar structure and plasma 
physics Hus theory concerning the rate of mixing of 
the material ın stars has had wide consequences m 
the analysis of stellar structure and evolution His 
more recent work has been connected with the 
influence of magnetic conditions on the control of 
energy 1eactions m cosnuc material The applications 
of his theories to stellar and other problems are stall 
in progress We may anticipate a development of 
these and other studies with Dr Sweet’s appomtment 
to the regius professorship m astronomy at Glasgow. 


Jacob Bell . Founder of the Pharmaceutical Society 
of Great Britain 


On June 12, the hundredth anniversary of his 
death, tribute was paid by the Pharmaceutical 
Society of Great Britain to its founder, Jacob Bell, 
when the president, Mr Gwilym Hughes, unveiled a 
tablet to Bell’s merfiory in Woodbury Park Cemetery, 
Tunbiidge Wells, where he 1s buried By his work 
for the Society, said Mr Hughes, Jacob Bell was 
acting 1n the public interest as well as m the interests 
of hus calhng When he commenced his labours, 
pharmacy m Great Britam was ill-defined, unregu- 
lated and unorganized, without acknowledged stan- 
dards of education or practice It had no authoritatrve 
means of expression and tacked official recognition. 
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When Bell died, substantial progress had been made 
in overcoming these difficulties and the practice of 
pharmacy had been set upon a path of development 
which subsequent events had shown to be sound In 
the evening Mr Hughes gave a review of Jacob Bell’s 
life and work at the Society’s House in Bloomsbury 
Square, where a commemorative exhibition was held 
durmg the following week 


Charles Cagniard de la Tour (1777-1859) 


CHARLES CAGNIARD DE La Tour (or Cagmard- 
Latour), who died one hundred years ago on July 5, 
1859, was a distinguished engineer and physicist, 
who also made original contributions to chemistry 
and to medicine Born m Paris on March 31, 1777, he 
attended the Ecole militaire de Rebais and the Ecole 
polytechmque and qualified as engémwur-géographe 
In 1811 he was appomted to the Mimstry of the 
Interior, and eight years later was created baron for 
supplying the Hépital St Louis and the Usine Royale 
with gas-hghtmg He was elected to the Paris 
Academy of Sciences in 1851 — His name is specifically 
attached to two mventions—a blowing machine and a 
siren The former, the cagnardelle, 1s an Archimedean 
screw, immersed obliquely m a tank of water and 
rotated ın a direction opposite to that required foi 
raising water The siren, for determing the number 
of vibrations correspondmg to a sound of any par- 
ticular pitch, was extensively used for signalling on 
ships Cagniard de la Tour also experumented on the 
mechanism of voice production (‘‘Considérations et 
expériences diverses sur la voix humaine", 1837) 
In 1822-23 he studied the effects of heat and pressure 
on hquids and determined for each hquid a definite 
temperature (later called the critical temperature), 
above which it did not remam liquid m spre of the 
highest attamable incresse of pressure These in- 
vestigations were continued and extended by Faraday 
With Theodor Schwann m Germany he origmated 
the germ theory m 1837 by his discovery that yeast 
consists of a mass of globules which are vegetable m 
nature and that it is responsible for fermentation 
(“Mémoires sur la fermentation vineuse’’) This 
theory was promptly abandoned two years later 
when Liebig insisted that the process was purely 
chemical, but was resurrected by Pasteur in 1856 


British Space Research 

Ix reply to a question in the House of Lords on 
July 29, Lord Hailsham said that ın ther recent visit 
to the United States to discuss co-operation m the 
field of scientific research 1n space using earth satel- 
lites, Prof Massey and his small team of experts had 
had most valuable and fruitful discussions with the 
National Aeronautics and Space Administration 
As a result 1$ s proposed the British scientists will 
prepare instruments for satellites to be placed in orbit 
by the use of the Scent vehicle which the National 
Aeronautics and Space Administration 18 developing 
for use m connexion with civil scientific reseaich 
Several vehicles might be mvolved over three to four 
yeais These proposals have been approved by the 
Government subject to the conclusion of formal 
arrangements Information regardmg these pro- 
grammes and ther results will be made available to 
the international scientific community Both the 
British and the American groups regard this project 
as a valuable development 1n scientific co-operation 
Meanwhile, the arrangements for design studies of 
British launches, announced by the Prime Minister, 
are unaffected 
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Canad:an Committee on Space Research 


THe National Research Couneil of Canada has 
formed an Associate Commuttee on Space Research 
jointly with the Defence Research Board The new 
Committee will have co-ordmation duties and will 
advise on international co-operation Scientific sub- 
jects to be studied will include geomagnetism, the 
aurora, meteorology, cosmic rays, radiation from the 
Sun, and chemical composition of the upper atmo- 
sphere This Canadian work, now in hand, may be 
enhanced by series of high-altitude rockets carrying 
measuring instruments The new Committee will be 
particularly useful to Canadian university groups 
interested in research 1n the upper atmosphere They 
will have an opportunity to design their own experi- 
ments, and to build mstruments for the nose cones 
of rockets The rocket range at Churchill will prob- 
ably be used Canadian and American groups have 
aheady been co-ope.ating in maintaining this range 
The new Committee includes members from a number 
of Government departments and agencies, and from 
universities with research teams in related fields 
The secretary of the Committee is Mr B D Leddy, 
National Research Council, Ottawa 2 


The Dragon Project 


THE first meeting of the International Board of 
Management of the high-temperature reactor project 
of the Organization for European Economic Co- 
operation (Dragon) was held recently at the Atomic 
Energy Estabhshment, Winfrith, Dorset, where the 
reactor experiment ıs to be built Dr Sigvard Eklund, 
of Sweden, was elected chairman of the Board for the 
current year, with Su John Cockcroft, of the United 
Kingdom, as vice-chairman Sir John was suc- 
ceeded in this office by Sir William Penney on July 1 
The Board appomted Mr C A Rennie, of the 
Atomie Energy Research Establishment, Harwell, as 
chief executive of the project The Board, which 
includes representatives of the signatories of the 
Dragon Agreement, namely, Austria, Denmark, 
Belgium, France, Germany, Italy, Luxembourg, 
The Netherlands, Norway, Sweden, Switzerland and 
the United Kmgdom, considered and approved 
a broad programme of work and a budget for 
the financial year, 1959-60, on the basis of 
piepaiatory work by a General Purposes Com- 
muttee under the chaymanship of Dr J Gueron 
(Euratom) 


The Scripps Institution of Oceanography 


Tue Scripps Institution of Oceanography has 
announced its intention to send two ships on an 
ambitious oceanographic and geophysical mvestiga- 
tion of the western Pacific Ocean and eastern Indian 
Ocean to last six months between February and 
August 1960 Particular attention will be paid to 
studies of the sea floor, and to areas such as the Java 
trench, where previous work has posed specific 
problems The programme will include dredging, 
cormg, measurements of heat flow, seismic, magnetic 
and gravity surveys, studies of the interchange of 
carbon dioxide between sea and air, and sampling 
for radioisotopes and trace elements The biological 
programme will consist of plankton sampling 
and mid-water trawling as well as dredgmg The 
memorandum received from the Durector of the 
Scripps Institution says that visiting scientists and 
suggestions as to subjects for examination will be 
welcomed. 
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Agricultural Aviation Group 


AN Agricultural Aviation Group has iecently been 
formed by the Royal Aeronautieal Society The 
aims of the Group are to further the use of aircraft m 
agricultime, forestry, pest control, fertilizing, seeding, 
chemical application and sumlar subjects and to 
provide facilities for those mterested ın such matters 
to meet and exchange ideas and information The 
formation of the Agricultural Aviation Group was 
largely inspired by Mr 8 W G Foster, an Associate 
Fellow of the Society and a design consultant 
The Group expects to take an active part m the 
International Agricultural Aviation Conference which 
is to be held at Cranfield m September The 
Agricultural Aviation Group is the second group to 
be formed within the Society since the Council agreed 
to the formation of groups to cover small specialized 
fields of aeronautics An indication of the wide range 
of the mterests of members of the Society 1s given 
by the fact that the Society now has an Astronautics 
and Guided Fhght Section, a Man-Powered Aircraft 
Group, an Agricultural Aviation Group, and, withm 
the next month or two, will also have a Historical 
Gioup 


Efficient Use of Man-power in Industry 


THE report of an mquuy undeitaken by the 
National Jomt Advisory Council into practices 
impeding the full and efficient use of man-power has 
now been published by the Mimstry of Labour and 
National Seivice (pp 16 London HM Stationery 
Office, 1959 ls net) The inquiry was concerned 
with restrictive labour practices, and the Council 
considers that the results of the mquiry are encour- 
aging Some 64 mdustries reported that they had 
no problems in regard to the efficient use of man- 
power and a further 42 had set up machmery to 
deal with any such problems o1 appeared to be 
establishing such machmery Sıx mdustıies needed 
more time, or because of various difficulties had been 
unable to make a jomt examination, though some of 
these mdustiies are of considerable importance in 
the national economy, and the Council expresses 
concern about the position in this group In the 
ship-building and ship-repairing industry there are 
problems which need to be tackled 1f greater efficiency 
1s to be achieved and this calls for efforts from both 
employers and tiades unions More generally, the 
report points out that much depends on the use to 
which joint machmery 1s put, but the existence of an 
organization for jomt consultation and the fact that 
such organization functions will afford some grounds 
fo. both hope and confidence 


Tyneside Association of Libraries for Industry and 
Commerce 


Tue Tyneside Association of Libraries for Industiy 
and Commerce was formed last September under the 
sponsorship of the Northein Regional Board for 
Industry, the Tyneside Productivity Committee, 
and the North East Industiial and Development 
Association Having its headquarters at the Com- 
mercial and Technical Department of the Central 
Library, New Bridge Street, Newcastle upon Tyne 1, 
the main purpose of the Association 1s the co-ordina- 
tion and development of existing facilities in the 
Tyneside area in order “to help mdustry and com- 
merce by making mformation readily and quickly 
available’? Use of the service 1s available to any one 
free of charge, membership 18 open to any firm or 
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organization which mamtams a libiary and/or 
information department, and is willing to supply 
non-confidential information on request To reduce 
the burden on headquarters, the brochure describmg 
the service suggests that mqunies should, in the 
first place, be directed to the nearest public hbrary , 
if that fails (or 1f the matter is urgent) the mquiry 
may be sent direct to the Association's headquarters 
The chairman of the Association is R A Cookson, 
vice-chairman of the Northern Regional Board for 
Industry The honorary secretary 1s the Newcastle 
City Librarian, fiom whom copies of the brochure 
may be obtained 


Chemical Control of Eelworms on Strawberries 


Tur effectiveness of chemical substances m the 
contiol of the several eelworms which infest stiaw- 
berries has been examuned and discussed by R S 
Pitcher (J Hort Ser , 34, No 2, 1959) Although the 
hot-water tieatment gives a satisfactory control of 
eefworm, ıt has several disadvantages, notably that 
1t 1s time-consuming, exacting, and requires precision, 
and it cannot be used in the field on an already 
established and growing crop Hence the desirability 
of discovering chemical methods of control In the 
present investigation, a number of nematicides were 
tested under pot conditions and field trials were 
carried out with parathion All treatments rapidly 
reduced the symptoms caused by the three eelworm 
species, but the persistence of the remedial effect 
varied according to the kmd of infestation involved 
Pre-plantang dips were consistently more effective 
than spraymg of established plants m the field 
With each of the three eelworm species, the level of 
infestation was greatly reduced by parathion (0 1 
per cent of active ingredient), whether used as a 
drench, spray, or pre-planting dip 


Non-Cartridge Type Demineralized Water Units 


WATER demineralizing, or de-10n1zmg, units are now 
superseding the still and distilled water delivered m 
carboys as a source of supply of purified water for 
laboratories and sumilar establishments <A feature 
of many such units, however, is ther reliance on 
detachable cartridges of 10n exchange resms which 
are returned to the supplier when exhausted The 
Mark 4 and Mark 5 Portable ‘“Demmrolit” plants 
manufactured by the Permutit Co , Ltd , Gunnersbury 
Avenue, London, W 4, have been designed for easy 
‘on the spot’ regeneration of the exhausted ion 
exchange material, thus obviatmg the need for 
detachable caitridges and  ieplacements Both 
plants consist of a pair of sealed columns charged 
respectively with ‘“Zeo-Karb” cation and ‘De- 
Aeidite" anion exchange resms, the water being 
passed through the columns in that order Flexible 
connexion and delivery tubes, with a multi-valve 
control system, facilitate operation and regeneration 
A built-m dial-type conductivity teste: enables 
‘spot’ checks to be made on the quality of water 
bemg produced By this means the point at which 
regeneration becomes due may be determmed 
precisely Regeneration involves flushing the cation 
column with a dilute solution of hydrochloric acid 
and the anion column with dilute caustic soda or 
soda ash solution Both columns are then rmsed 
with water, when the plant 1s ready for further use 
Both plants are constructed throughout from non- 
corrodible materials and operate at normal cold water 
tap temperatures and pressures 
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Rutherford Memorial Appointments 


UNDER the terms of the scheme to commemorate 
the late Lord Rutherford of Nelson. the followmg 
appointments have been made by the Counen of the 
Royal Society Sir Lawrence Bragg has been 
appomted Rutherford Memorial Lecturer for 1960, 
to deliver the lecture in New Zealand Mr D J 
Tritton, now working at the Cavendish Laboratoiy, 
Cambridge, has been appointed Rutherford Scholar 
for 1959 for three years, to investigate the relationship 
between the manner of production of tuibulence 
in a flud flow and the large eddy structure of 
that turbulence, at the department of aeronautical 
engmeermg, Indian Institute of Science, Banga- 
lore 


Canadian National Research Council Scholarships 
for 1959-60 


THE National Research Council of Canada has 
granted 399 scholarships for 1959-60, with a total 
value of 844,600 dollars Three hundred and forty- 
one of these scholarships are foi graduate work at 
Canadian universities Awards for study abroad 
melude thirty-three special scholarships, to be held 
in the followmg countries eighteen m the United 
Kingdom, fourteen in the United States, and one 
m France Twenty-five postdoctorate overseas 
fellowships have been granted for work in the fol- 
lowing countries nineteen in the United Kingdom , 
five 1n France, and one in the Netherlands 


University News California 


A DEPARTMENT of Virology has been established 
m the University of Cahfornia at Berkeley Char- 
man of the new Department is Dr Wendell M 
Stanley, Nobel laureate and director of the Virus 
Laboratory Eight faculty members, drawn from 
the Virus Laboratory, now comprise the staff of the 
Department Startmg m September 1959, lecture 
courses will be offered to graduate and advanced 
undergraduate students, to be followed later by a 
comprehensive laboratory course Additional mstruc- 
tion will be offered, mostly at graduate level, m the 
form of special study courses, semmars, and 1eseaich 
projects 


Ibadan 


Pror F W Sansome, professor of botany in 
University College, Ibadan, Nigeria, has been 
appointed professor of botany in the University 
College of Ghana, Achimota He 1s to be succeeded 
at Ibadan by Dr E Njoku, at present senior lecturer 
1n the College 


London 


Tue new Sir John Atkms Laboratories, of which 
Sur John Atkins laid the foundation stone on June 24, 
will enable important and urgently needed develop- 
ments to take place at Queen Elizabeth College, 
London The College ıs the only institution in 
Britain that provides courses leading to a degree in 
nutrition (B Se Nutrition, London) and shares with 
the University of Bristol the distinction of preparing 
students for the only degrees m household science 
(BSe Household Science, London) In the new 
buddimgs, which will house the Departments of 
Bacteriology, Biology and Nutrition, more students 
can be accommodated and much more research in 
these subjects ean be undertaken More accommoda- 
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tion for teaching and research will also be available 
for the five other science departments which will 
expand m the present buildings 


Michigan 


Dr Wray SMITH has been appomted assistant 
director of the Willow Run Laboratories He will 
continue to be responsible to the director and associate 
director of the Willow Run Laboratories for the 
direction of the admuustrative staffs of the labora- 
tories and for assisting the director and associate 
director in formulating and implementing admunistra- 
tive policies and procedures He has been on the 
Willow Run Laboratories staff since 1954 and 
has been administrative associate smce early m 
1958 

Prof Lous J  Cutrona, professor of electrical 
engineermg in the University of Michigan, has been 
appointed head of the largest of the several labora- 
tories within Willow Run The Radar Laboratory 15 
involved m majo! programmes in the field of a- 
borne and ground-based radars with support through 
Project Michigan, the US Ar Force and the 
Advanced Research Projects Agency 


Announcements i 


AT the first commencement on June 18, the 
honorary degree of D Se was conferred on Dr 
Peyton Rous and on Dr Herbert S Gasser for 
then contributions to the development of the Institute 
and the attamment of 1ts high standards in research 
and scholarship 


Sm Hucu Braver was recently elected president 
of the Royal Statistical Society for the ensuing year 
Mr B Benjamm, Miss J I Douglas and Dr P 
Armitage were re-elected honorary secretaries, 
and Mi R F Fowler was re-elected honorary 
treasurer 


Dr F KENNETH BRASTED, former president of the 
University of Dallas, has jomed Texas Instruments 
Incorporated as admimustrative director of its Central 
Research Laboratory 


Dr MARGARET Hannan has been awarded the 
Warner Medal which 1s given by the Textile Institute 
for outstanding work in textile science and tech- 
nology Dr Hannah was formerly a lecturer in 
textile engmeermg in the University of Leeds 


Tam mnth Annual Instrument Symposium and 
Research Equipment Exhibit will be held durmg 
September 28-Oectober 1 at the National Institutes 
of Health, Bethesda, Maryland Further mformation 
can be obtained from James B Davis at the above 
addiess 


Tue third conference on Analytical Chemistry in 
Nuclear Reaction Technology will be held in Gatlin- 
burg, Tennessee, during October 26-28 Further 
information can be obtained from C. D Susano, Oak 
Ridge National Laboratory, PO Box Y, Oak Fudge, 
Tennessee 


Erratum In the “News and Views” 1tem entitled 
“Ultrasonic Vibrations at 10,000 Megacycles”, pub- 
lished in Nature of June 6, p 1570, the work referred 
to is bemg carried out by Dr E H Jacobsen, a 
member of the General Electric Company Research 
Laboratory, Schenectady, New York, and not by 
Dr E H Jackson, as printed 


July 4, 1959 


No 4679 


MORE LAND-USE PLANNING : ^ 


HATEVER posterity may iemember of the 
term of office of the thirty-third President of 

the United States, Harry S Truman, 16 ıs unhkely 
ever to forget those trenchant sentences of his 
maugural address of January 20, 1949, ‘Fourth, 
we must embark on a bold new programme for making 
the benefits of our scientific advances and industrial 
progress available for the mmprovement and growth 
of the under-developed areas For the first time in 
history, humanity possesses the knowledge and the 
skill to relieve the suffermg of these people" As 
the programmes then imitiated and the other innumer- 
able activities directed towards helping the less 
developed countries have progressed, 1t has become 
increasingly apparent that the knowledge possessed 
by humanity 1s far from adequate In no sphere 1s 
this more true than m the proper use and manage- 
ment of land in the tropics—whether the humid 
tropics or the arid The lesson 1s still being learnt, 
after a number of major failures, that the secret 1s 
to make haste slowly and tq build upon a firm founda- 
tion of factual knowledge ^ Reference has been 
made ın a recent issue of Nature (183, 20, 1959) to 
the large-scale land-use maps of the Gambia and 
Smgapore bemg prepared as a basis for planning, 
and 16 1s clear that many other countries are working 
along comparable hnes 

Among the many research projects undertaken by 
the Institut National pour l'Étude agronomique du 
Congo belge (INEAC) is one for a soil and vegetation 
survey The results are bemg published as a series 
of fully coloured small sheets, one of soils and another 
of vegetation, with an explanatory memoir To date 
a dozen lwrawons have been published, or are in the 
press, but a simple calculation suggests that about 
7,000 sheets will be required to cover the whole 
territory on the scale of 1 50,000 which has been 
chosen Taking as an example* Planchette 3 
(Lilanda) of the Yangambi area (Livraison 6) pre- 
pared by three soil scientists and a botanist, sixteen 
soil series and three complexes are distinguished 
The soils are classified by parent material and by 
class of dramage—‘‘chaque unité reconnue en 
fonction de ces deux facteurs reçoit le rang de série" 
The complexity of the soil picture 1s accentuated m the 
vegetation map Small blank areas mark cultivated 
fields, but even at the scale of 1 50,000 the major 
vegetation types cannot be shown without recouise 
to stirpes for "mélanges" and small circles m a 
background for “mosaiques’” Such is the true 
measure of the complex natural environment within 
which development ıs to take place 

On the western side of the Atlantic a Soils Research 
and Survey Section under the direction of T A 
Jones has been set up at the Regional Research 
Centre of the British Caribbean at the Imperial 
College of Tropical Agriculture, Trimidad The 
first three monographs to be published cover the 
parish of St Catherme, Jamaica, the Rupunun 
savannahs of British Guiana, and the island of St 

* Publications de l'Institut Nationa] pour l'Étude Agronomique du 
Congo Belge Carte des Sols et de la Vegetation du Congo Belge et 
du Ruanda-Urundi 6  Yangambi Planchette 3 Inlanda A Sols 
B Vegetation Notice explicative de la Carte des Sols et de Vegeta- 
tion par P Gilson, P Jongen, A Van Wambeke et L liben Pp 


36--2 cartes (Bruxelles Institut National pour l'Étude Agrono- 
mique du Congo Belge, 1957 ) 
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Vincent* The first two have soil maps on a scale 
of 1 50,000—the first with pink symbols on a black 
outline, the second in black only, while the St 
Vincent map comprises three sheets on the scale 
of 1 20,000 The soils are grouped in St Vincent 
according to parent material (soils over recent 
alluvium, old alluvium, limestone, granodiorite, etc ) 
whereas in British Guiana there 1s a tentative local 
classification based on geomorphological regions 
(well-dramed soils of the pediments, imperfectly 
drained soils of elevated flats, ete) The Jamaica 
monograph combines the two In the explanatory 
memoirs there are elaborate tabular statements 
giving the important characteristics of each soil, 
recommended cultivation practices and crops for 
each There are detailed descriptions of the soil 
profiles and a new scheme of ‘land capability classes’ 
is introduced In place of the familiar eight classes 
of the American system, seven are recognized, 
each divided into e (erosion danger), w (excess water), 
s (shallow or droughty) and so on In contrast to 
the Belgian work this 1s a far more subjective 
approach ıt suggests an over-emphasis on soil and 
perhaps a passing over of lessons to be learnt from 
existing vegetation and land use In due course 16 
will be most enhghtenmg to know how far the 
practical recommendations have been followed and 
the results 

Unesco 1s much concerned with the problems of 
both the arid and humid tropies — Arising out of; the 
Kandy Symposium] held in 1956, a vegetation map 
of the whole of Malaysia (jineludimg all New Guinea) 
has been compiled by C G G J van Steenis and 
published with the collaboration of Unescof At 
a scale of 1 5,000,000 ıt ıs highly generalized and 
approaches the problem of land-use in the humid 
tropics from a very different point of view—that of the 
broad overall perspective It has been possible, 
however, to show a dozen types of forest as well as 
the maim areas of ‘savannah’, grass, alpine grass, wet 
rice, dry fields and plantations, makmg eighteen 
categories in all 

The need for a stock-taking of land resources and of 
the present use of land 1s by no means confined to 
the tropics Wherever there 1s a heavy pressure of 
population on land ıt forces itself upon the attention 
of governments and research organizations In 
Italy the Consigho Nazionale delle Ricerche has 
undertaken the preparation of a comprehensive 
Carta della Utihzzazione del Suolo, now being 
published on the scale of 1 200,000 in 23 sheets$ 
The work is under the capable direction of Prof 
Carmelo Colamonico, who writes an introduction to 
the first two descriptive memoirs The first ıs on 
Calabria (sheets 19 and 20) by Ferdinando Milone, 
the second, on Sicily (sheets 21, 22 and 23) by the 

* The Regional Research Centre of the British Caribbean at the 
Imperial College of Tropical Agriculture, Trinidad Sorland Land-use 
Surveys No 1 Jamuaica—Parish of St Catherine By K C Vernon 
Pp 42 20s No 2 British Guiana—The Rupununi Savannas By 
R F Loxton,G K Rutherford and J Spector Pp 33 15s No 3 


St Vincent By J P Watson, J Spector and T A Jones Pp 70 
25s (Trimdad Imperial College of Tropical Agriculture, 1958 ) 


f Proc, Kandy ! Symposium, Unesco, 1956, pp 68-73 (1958) 

f Unesco, Paris published for the Unesco Humid Tropics Research 
Project (1958) 

$ Consigho Nazionale delle Ricerche, Napoli Corso Vittorio Eman- 
uele, 165 (1958-59) 
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same author A preliminary sheet of central Italy 
was shown to the Congress of the International 
Geographical Union at Washington in 1952 and the 
maps, ın full colour, show twenty catégories of land- 
use following closely the recommended categories 
laid down by the Commission on the World Land 
Use Survey The Survey has since recognized the 
vital importance of separating urigated and non- 
urigated lands, which has been done on the Italian 
maps Anyone familar with Mediterranean lands 
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will know the intimate mixtures of trees and ground 
crops—olives with cereals, for example—and will 
recognize the justification of this mrxed category 
Little of Sicily 1s shown as ‘sterile’ except the higher 
slopes of Etna 

Though differmg widely m their methods and 
execution, all these maps illustrate the growing 
recognition that before land can be planned the 
present position must be surveyed and analysed 

L DUDLEY STAMP 


RESEARCH IN EIRE 


AN FORAS TALUNTAIS (THE AGRICULTURAL INSTITUTE) 


N Foras Talintais was established under the 
Agriculture (An Foras Talintais) Act, 1958, 
and commenced activities on August 1, 1958 Its 
functions include reviewing, facilitating, encouraging, 
assisting, co-ordinating, promoting and undertakmg 
agricultural research 1n the Republic of Ireland The 
Institute has authority to provide, where necessary, 
new facilities and staff to carry out research, to assist 
in carrying out specific research projects and to make 
grants for the extension and development of facilities 
to scientists actively engaged in agricultural reseaich 
The Institute is specifically obhged to dissemmate 
the results of agricultural iesearch, particularly to 
those engaged m agricultwal advisory work As one 
of 1ts major and general functions the Institute has a 
statutory obligation to advise the Minister for Agricul- 
ture on any matter relating to agricultural research 
or agricultural science on which advice 1s requested 
by hm As part of its educational activity in the 
promotion and encouragement of aguicultural research, 
the Institute may provide and oiganize courses of 
study m agricultural research and related subjects, 
and it may also piovide and organize seminars, 
conferences, lectures and demonstrations on agricul- 
tural research , it may grant scholarships, and award 
fellowships to persons who have done outstanding 
work m relation to agricultural science or agricultural 
research 
The Institute ıs an autonomous national body, 
governed by a Council which consists of a chairman 
and twelve oidmary members The chairman is 
appointed by the President of Ireland Five members 
of the Council are nominated by agricultural and rual 
organizations , the nomimation is by means of election 
by a panel of twenty-five organizations drvided into 
five groups , one member is nominated by each of the 
governing bodies of the University Colleges of Cork, 
Dublin and Galway and the Board of Trinity College, 
Dublin, and the three remaining members are nomm- 
ated by the Government of the Republic of Ireland 
The activities and staff of the Instrtute are under the 
control of a director responsible to the Council as 
chief officer of the Institute The finances of the Inst1- 
tute are provided foi under a number of headmgs 
From the Counterpart Special Account, by arrange- 
ment between the United States and the Irish Govern- 
ments, the Institute has available a capital fund of 
£840,000 to be expended on capital projects and an 
endowment fund of £1,000,000 A giant towards the 
expenses of the Institute will be paid every financial 
year out of monies provided by the Irish Government 
The Institute 1s empowered to accept gifts of money, 


land or other propeity under specified conditions which 
must be consistent with the functions of the Institute 
With regard to gifts and fees for specific research 
projects, she Institute looks for support particularly 
to industries and businesses closely associated with 
agriculture and to farming organizations and indivi- 
duals interested ın agricultural development 

The activities of the Insértute have been organized 
on the basis of a headquarters consisting of a secre- 
tariat, scientific and agricultural laison offices and 
statistical hbrary and mformation seivices, together 
with five maim Research Divisions as follows — (1) 
Soils, (2) Plant Sciences and Crop Husbandry, (3) 
Animal Production, (4) Rural Economy and (5) 
Horticulture and Forestry The scientific haison 
office will make and maimtaim contact with agricul- 
twal research and alhed services in other countries, 
while in addition providing for the scientific develop- 
ment and co-ordmation of the research programme at 
home The agricultural haison office will ensure the 
closest possible contact, co-operation and integration 
of effort between the Institute, departments of State, 
the advisory services and the farming community A 
specialist advisory service m each facet of agriculture 
will be provided for advisory officers and others 

The work of the different Divisions 1s bemg 
developed on the followmg general basis The 
Souls Division will carry out research and specialist 
advisory activities 1n the spheres of soil physies, soil 
chemistry and biochemistry, soil microbiology, soil 
fertility and fertilizer use, plant nutrition and physio- 
logy, soul classification and survey, land reclamation 
and land use and the manuring, ecology and survey of 
grassland A national soi-survey has already com- 
menced The Plant Sciences and Crop Husbandry 
Division will be chiefly concerned with improving the 
yield and quahty of a wide variety of agricultural 
crops, and will accordingly cater for research m plant 
breeding, plant pathology, crop protection, entomo- 
logy, plant introduction (includmg crops for com- 
mercial and other special purposes), plant composi- 
tion, weed control and general aspects of crop 
husbandry The Animal Production Division will 
cover all phases of animal production from grassland 
management and feeding to product quality The 
work will be organized m the followmg departments 
grassland management, animal husbandry, animal 
nutrition and biochemistry, physiology, breedmg and 
genetics and me&tiesearch The headquarters of this 
Division will be at the National Research Centre for 
Animal Production, at Grange, Dunsany, Co Meath 
A research centre for dairying 1s bemg established at 
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Moore Park, Fermoy, Co Cork, and a sheep research 
centre at Creagh, Ballmrobe, Co Mayo The Rural 
Economy Division will melude departments of farm 
management, agricultural economics, agricultural 
maiketing, rural sociology, home economics and 
agricultural engineermg It will provide a service 
for the economic evaluation of the research in other 
divisions and for the general management programme 
of the Institute's farms An agricultural machinery 
testing service is bemg organized The horticultural 
work of the Horticulture and Forestry Division will 
be cared out at centres dealing with glasshouse and 
vegetable crops, soft fruits, pomology and bee-keep- 
mg A National Research Centre for Glasshouse and 
Vegetable Crops has been established at Kmsealy, 
Malahide, Co Dublin In addition, a field experi- 
mental station to cater for soft fiurts has been set 
up at Clonroche, Wexford, and an experimental 
unit for pomology research at Dungarvan, Co 
Waterford 

The foundation ceremony of An Foras Talüntais, 
commencing with religious services, was held in Dublm 
on May 19 The opening of the headquarters’ offices 
of An Foras Talintais at 33 Merrion Road, Balls- 
bridge, Dublin, by the President of Ireland, and the 
unveiling of a commemorative plaque acknowledging 
Unites States aid m the foundation of the Institute, 
took place in the afternoon 

The following officers of the Institute have been 
appointed 


Director Dr. T Walsh 


Dr T Walsh graduated ın 1937 and was awarded a 
postgraduate scholarship which he held m the Soil 
Science Department, University College, Dublin 
He took the degrees of M Agr Sc ın 1938, Ph D m 
1940 and D Se m 1946 on published work He was 
elected a member of the Royal Irish Academy m 
1954 Durmg 1938-45 he was assistant lecturer m 
soil science, 1n University College, Dublin, and during 
1945-52, souls advisory officer ın the Department of 
Agueulture He was senior mspector in charge of 
sous and grassland research durmg 1952-58 In 
August 1958 he was appomted director of the Agri- 
cultural Institute He has represented the Republic 
of Ireland at many scientific and agricultural confer- 
ences and 1s national representative on a number of 
committees of the Organization fo. European Econo- 
mic Co-operation and the United Nations Food and 
Agriculture Organization He was responsible for 
building up research facilrties m sois and grassland 
research m the Department of Agriculture, especially 
at Johnstown Castle Agricultwal College Dr Walsh 
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has speciahzed ın pedology, soil ferthty, plant 
nutrition, and more recently in grassland husbandry 
with particular reference to the soil fertility — animal 
nutrition aspects of this subject, and has published 
some seventy scientific papers 


Chief of the Animal Production Division 
Dr L. B. O'Moore 


Dr Laurence Butler O'Moore, who has been 
appointed chief of the Animal Production Division, 
took the degrees of MRCVS at the Veterinary 
College ın 1945, M Se. at the University of Dubhn 
for a thesis on the “Physiology of Reproduction” 
in 1946, and PhD at the University im 1950 for a 
study on “Phosphorus Deficiency m Grazing Cattle" 
Since 1948 he has been on the staff of the Veterinaiy 
Research Laboratory, Department of Agriculture, 
where he held the post of supermtending senio: 
research officer with responsibility for research dealing 
with biochemistry, vaccme production and calf 
diseases Dr O'Moore 1s a well-known authority in 
the fields of anımal biochemistry, physiology and 
nutrition His work on nutritional deficiencies and 
metabolic disturbances in animals at pasture ıs 
especially well known, his 1eputation m this particular 
sphere being world-wide 


Chief of the Rural Economy Division . 
Mr J J Byrne 


Mr James J Byrne, who has been appointed chief 
of the Rural Economy Division, was educated at 
St Kuieran’s College, Kilkenny, and the National 
University, and graduated in law, politics and 
economics in 1940, bemg awarded a postgraduate 
scholarship He took the M A (Economics) degree 
at the National University m 1941, being awarded a 
travelling studentship with which he proceeded to 
the University of Cambridge, where he was awarded 
the M Se (Economics) degree ın 1944, taking the 
LLB (National University of heland) in the same 
year In 1946, Mr Bryne became lecturer in econo- 
mues in the University of Dublin, where he was 
appomted registrar of the Schools of Agriculture and 
Vetermary Medicine in 1955, and secretary of the 
Management Committee of the Kells Ingram Farm m 
1957  Durmg 1948-54, in addition to his duties in 
the University of Dublin, he was Secretary of the 
Population Commussion, and this work brought hım 
into particularly elose touch with the mam national 
social problems Mr Byrne takes up his new post 
with an international reputation in the sphere of 
research in economics 


BRITISH MAMMALS AND SOME OTHERS 


A appieeiable number of important papers were 
produced on a variety of subjects during the 
conference of the Mammal Society of the British 
Isles, which was held at Bristol durmg April 6-9 
Miss J Shillito (University of Exeter) described hei 
findmgs on the population structure, ecology and 
breeding of the common shrew (Sorex araneus) under 
wild conditions her observations showed much 
movement of juveniles before their breeding terri- 
tories were established, the iange covered by the 
males bemg rather greater than that by the females 


The various mvertebrates consumed by shrews were 
also exammed and listed The other msectivore 
investigated was the water shrew (Neomys fodiens 
bicolor) P A Jewel and A E Hawkins (Royal 
Veterinary College) had shown that the normal diet 
of this shrew had an exceedingly low calorific value, 
so that the great physical activity employed in the 
search for food was associated with a resting meta- 
bolic rate at least as low as that of a mouse fed on 
the same standard diet The Earl of Cranbrook 
pointed out that the saliva of this shrew was prob- 
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ably toxic, since worms bitten by the animal appeared 
to be paralysed 

The food of the water vole (Arvola amphibius), 
dormouse (Muscardinus avellanarvus) and harvest 
mouse (Micromys minutus) was discussed by M 
Knight and ther individua] preferences noted 
Small mammals had been studied in the wild ın two 
localities R M Newsom (Bureau of Animal 
Population) at Wytham had followed the population 
fluctuations ın the bank vole (Clethraonomys glareolus), 
field vole (Mvecrotus agrestis) and wood mouse 
(Apodemus sylvatwus) over some sixteen months 
The results of trappmg and markmg showed that 
although breeding of all three species ceased normally 
during the winter of 1957-58, they all continued. to 
breed ın the woodland durmg the winter of 1958-59 
Work on the small mammals of South Rona was 
carried out by W O Copland and M J Delany 
(University of Southampton), who trapped for six 
days durmg August 1958 Small mammals proved 
very scarce, and only wood mice (Apodemus syl- 
vatcus) and the common and pigmy shrews (Sorex 
araneus and S minutus) were found M J Delany 
had further compared the specific characters in 
Apodemus sylvaticus from the Scottish mamland with 
large series from Mull and Lewis, and found that 
these island races only differed from the mamland 
one m sıze he therefore concluded that there was 
no justification for considermg Apodemus hebridensis 
as a distmet species With S Krishnaswamy and 
K A Munday (University of Southampton), he has 
used filter-paper electrophoresis on blood serum from 
various murids, and this method has shown that the 
pattern from the island race of Apodemus differs 
from that of A sylvaticus but 1s closely akm to that 
of A flavicollis 

Among larger mammals, J E C Flux (University 
of Aberdeen) had mvestigated the colour change m 
wild speermens of the mountan hare (Lepus tumidus 
scotwus) m Aberdeenshire The order m which 
moulting occurred m different parts of the body was 


STRUCTURAL EFFECTS 


N April 21 an all-day discussion on “The Struc- 
tural Effects of Kinetic Heatmg" was held by 
the Royal Aeronautical Society at the Institution of 
Mechanical Engineers 
The chair was taken by Mr M B Morgan (deputy 
director, Royal Aircraft Establishment, Farnborough) 
In his openmg remarks, he said that although the 
effects of kmetic heating had been pioneered by 
engine manufacturers, 1b was & comparatively new 
field for the structural designer of to-day In the 
future, kmetic heating effects would have to be taken 
mto account m the design of very high-speed aircraft 
and missiles, so that the designer would have to 
become famihar with the scientific background to the 
problem 
The first paper, Some Factors affecting the Choice 
of Materials”, was read by Mr W G Heath (A V 
Roe and Co, Ltd) He opened with the assumption 
that certam fundamental parameters were outside 
the control of the structures designer The designer 
must study the effect of these factors on suitable 
materials, considermg not only structural efficiency, 
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noted and ıt was found that the spring moult took 
place much less abruptly than the autumn one 
G F Moysey showed an electrical device usmg a 
spring switch which he had used 'to obtain auto- 
matic records of badgers moving in and out of ther 
setts, prelummary results gave fluctuations in the 
period of nocturnal activity nesi and far from the 
sett, which might be correlated with seasonal changes 
in badger behaviour 

Roe deer (Capreolus capreolus) were touched upon 
by two members D Stephen made observations 
extending the calving season. He also commented up- 
on the absence of the stage of production of buttons 
by two young bucks kept by him, as a preliminary to 
the formation of the first antler spikes F J Taylor 
Page discussed the activity of mature bucks in 
fraymg young trees as a territorial demarcation 
With T J Pickvance (University of Birmmgham), 
he also described methods of carrying out region 
mammal surveys, with particular reference to those 
being carried out at present ın the midlands and in 
Norfolk 

The problem of erosion outside Britain was dealt 
with by H V Thompson, who spoke on the rabbit 
(Oryctolagus cunaculus) ın Australia and New Zealand, 
while O Hook and H N Southern (Bureau of 
Animal Population) spoke of similar problems caused 
by the very large number of hippopotami1 in 
Uganda Control methods are bemg used agamst 
both these species Other foreign species came under 
review when Prof K Zimmermann (Berlin) spoke 
about rodents which he had collected m China, and 
which m some cases had been brought back alive to 
Berlin H Bohlken (Kiel) gave an account of his 
findings on the stomachs of the tylopoda and showed 
that there were important differences between 
those of tylopods and ruminants, this suggested 
that the faculty of rummation differs botween 
these two groups and has been acquired twice over 
in the phylogenetic history of the artiodactyla 

J F D Frazer 


OF KINETIC HEATING 


stiffness, creep, fatigue and thermal stress but also 
the availability of the materials and the ability of 
the workshops to handle them He showed curves 
giving a comparison of some of the materials avail- 
able at the present tume—aluminium alloys, titanium. 
alloys and steels—which are suitable for structures 
operating at temperatures up to 500°C Later, brief 
mention was made of materials suitable for use at 
higher temperatures He urged every designer to 
throw away the curves, which he felt sure they all 
had, of specific strength plotted agamst temperature, 
as compression structure efficiency could not be 
determined from them, and they could be misleading 
even for tension structures Mr Heath showed curves 
of ‘specific stability’ parameters which he had 
derived He felt that these would be helpful m the 
choice of the most efficient material for short-hfe 
compression structures He stressed the need for 
more mformation concerning the effects of creep, 
fatigue and thermal stress on long-life structures, and 
the difficulty ın obtaining satisfactory experimental 
results—a point m favour of ‘fail-safe’ design 
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He concluded that the final choice of material was 
strongly lnked to the type of structure, and that 
availability and the workshop processes involved 
must be considered 

Durmg the discussion on this paper a plea was 
made for some convenient form of presentation of 
the necessary material properties data for design 
use, the stiffness and proof stresses ın tension and 
compression would have to be grven for each material 
at a given temperature over varying lengths of time 
For some of the new materials, which would have to 
be used for temperatures above 500° C, it was 
remarkably difficult to discover some of their prop- 
erties and they were extremely difficult to work with 
Ultimately, 1t was the workshops that governed the 
choice of such materials 

A plea was also made for much more compression 
cieep testing to be carried out, which Mr Heath 
endorsed, saying that he thought the right proportion 
would be 60 per cent compression and 40 per cent 
tension testing 

Asked for guidance on factors affecting material 
selection, Mr Heath said that many more materials 
data were required and suggested that the research 
activities of universities, technical colleges, ete, m 
Britain should be co-ordmated 

From a structural pointe of view an opmion was 
voiced that the general heatmg problem could be 
simplified by trying to stop the thermal stresses from 
arising This could be done by cooling, insulation or 
other ways of smoothing out the thermal gradients 

Dr J S Przemieniecki (Bristol Aircraft, Ltd ) 
presented the next paper, on “The Design of Trans- 
parencies” He opened by considering briefly methods 
of calculating temperature distribution m transparent 
panels subjected to kmetic heating or cooling, and 
this led to discussion of the effects of non-uniform 
temperature distribution, differential expansion. 
and the edge restramt preventing thermal deform- 
ations Methods of calculating thermal stresses 
were suggested, meluding the concept of  'self- 
equilbratig’ temperature distribution, attention 
bemg concentrated on derivmg simple engmeermg 
formule rather than on rigorous mathematical 
solutions 

The choice of design cases foi combined pressure 
and thermal loadmg was considered and it was shown 
that, ın general, deceleration manœuvres combmed 
with outward pressure constituted the design criteria 
The effects of various parameters on the magnitude 
of thermal stresses were analysed and it was shown 
that for a given material and panel geometry thermal 
stresses depended mamly on total temperature 
change, acceleration and the Biot number based on 
panel thickness Practical design aspects such as 
choice of material, strength, panel geometry and 
mounting were also considered Finally, testmg of 
transparencies under pressure and thermal loading 
was briefly discussed, together with possible methods 
of stram measurement 

Durmg the discussion following this paper ıt was 
pointed out that transparencies have two somewhat 
unfortunate properties they have a very high 
resistance to heat flow, thus inducing high-tempera- 
ture gradients and high outer surface temperature, 
and the radiation effect 1s small Some reduction of 
the outer surface temperature and temperature 
gradients could be effected by the use of double 
panels with coolmg air between them, but ıt would 
not be piacticable to cool externally the outer 
suface of the outer panel 
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Surprise was expressed at Di  Przemuieniecki's 
assumption of zero heat transfer into the cabin It was 
stated that ın fighters a large proportion of the heat 
entered the cockpit through the transparencies On 
the suggested method of cooling the mter-space be- 
tween two panels ıt was thought to be difficult to get 
sufficient cooling potential m such a small space Dr 
Przemieniecki replied. that although the assumption 
of zero heat transfer on the inside surface was an 
unrealistic case, ıt could be used effectively for 
design purposes 

Another speaker remarked that the choice of 
materials for transparencies seemed to be very 
limited , but he felt that although fused silica had 
definite merits, toughened soda-lime glass might still 
be considered favourably for use m civil airlmers, 
where the temperature changes would not be rapid, 
and where temperatures were not so high that the 
glass lost its toughening It was suggested to Dr 
Przemieniecla that the use of transparencies m super- 
sonic aircraft was very hmuited and that retractable 
shutters could be a solution Dr Przemieniecki 
agreed, but thought that the engineermg might be 
too difficult He would prefer to have no windows 
at all in the passenger cabin and to use closed-cirewit 
television to overcome passenger objections to such 
amove Shutters could be used perhaps on special- 
purpose windows 

The thmd paper, ‘Some Practical Aspects of 
Kinetic Heating Calculations’, was read by Mr 
C L Bore (Hawker Aieraft, Ltd) He considered 
some of the practical difficulties encountered when 
estumating kinetic heating effects for an aeroplane, 
as distinct from an idealized structure Some of 
these difficulties arise in the estimation of heat 
transfer through the boundary layer They may be 
due to the variations of Mach number and altitude 
or to the differences between the behaviour of real 
air and an ideal gas Other difficulties arise from the 
interacting modes of heat transfer m the interior of 
& practical structure 

He noted that transient temperatures can be 
found only by means of numerical methods, which 
have to be very adaptable and not too laborious He 
outhned methods which have been found suitable 
for this type of problem and gave some typical 
results 

Interest was expressed m the parameters chosen 
for presenting the aerodynamic data, but Mr Bore 
was requested not to ask the aerodynamucists to 
produce charts showmg the values of these para- 
meters over a range of Mach numbers 

The final lecture, on “The Advantages and Limita- 
tions of the Use of Models", was given by Mr A J 
Sobey (Royal Aircraft Estabhshment, Farnborough) 
He began his discussion on the prospective use of 
models by distmguishmg between the small-scale 
work-piece used for extensive experiment m order to 
advance theory, and the replica used in a single 
representative test to verify design For a structural 
test evaluation under a realistic thermal field the 
design of a suitable model was shown to be subject 
to a series of constramts imposed on the designer 
by the consistent scaling of essential physical 
properties 

It was shown that scaling of thermal conduction 
imposed two constraints and mternal radiation a 
third The remaming degree of freedom m choice of 
scales vanished when the random variation of 
material properties with, temperature forced an 
identity of temperature scales 
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The important role of the internal heat transfer 
process was exemplified m a design study in which 
some of the relevant parameters were varied and 
broad conclusions for practical structures were 
suggested 

In the discussion one speaker could not accept the 
academic idea of mfinite accelerations used m the 
study, but ıt was agreed that ıt had a vald apph- 
cation It was thought that Mr Sobey had given a 
rather depressing picture of the use of models for 
determmuing the thermal effects Mr Sobey agreed 
that models could not be devised to grve full repre- 
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sentation, but the small-scale work-piece was a useful 
mstrument of scientific research 

In bringmg the discussion to a close, the chairman 
remarked on the vital mnportanee of understanding 
test technique in order to keep ahead of actual 
aeroplanes, and also noted that there were already 
numerous aeronautical devices flymg successfully 
while suffermg from quite severe kinetic heating 
effects He concluded by saying that much was 
known about kmetic heating, but more knowledge 
was needed m order to refine designs for extreme 
efficiency 


THE MATHEMATICAL ASSOCIATION 


Ads annual general meeting and conference of 
the Mathematical Association was held at 
Southampton duung April 8-11 Most meetings 
wore held at the University of Southampton, although 
the programme included also a cıvıc reception 1n the 
Guildhall, visits to a computation laboratory, to a 
tidal model of Southampton Water and to placés of 
interest m the district 

The presidential address, delivered by Prof 
M H A Newman, was entitled “What is Mathe- 
matics ? New Answers to an Old Question” Prof 
Newman thought 1t desirable to consider the meanmg 
of mathematics and that the present 1s a particularly 
suitable time for such a review ‘There has rarely 
been a timo when the work of mathematicians has 
been so strongly influenced and directed by their 
views on the nature of the subject From the revival 
of mathematics m the sixteenth century until well 
into the nineteenth century, mathematicians, though 
they took an interest in logical criticisms of the 
foundations, did not allow themselves to be deflected 
by any such criticisms from domg what they pleased 

Then, m the latte: half of the nineteenth century, 
there began a more penetrating analysis of the founda- 
tions of mathematics than there had ever been 
before 

Soon after the beginning of this century two new 
and strongly opposed. views of the nature of mathe- 
matics began to be heard, views which agreed only 
mm ther rejection of the interpretation of the logical 
analysts The 'inturtionist' views of Brouwer had a 
profound mfluence on our views about foundations, 
but had httle effect on the direction taken by con- 
temporary mathematics itself The views of Hilbert, 
on the other hand, have 1n fifty years led to a trans- 
formation of the whole aspect of mathematics Prof 
Newman said that the mtroduction of hughly organ- 
ized axiomatic structures has brought extraordmarily 
rich rewards, m the shape of massive advances, foi 
example, m algebraic geometry of any number of 
dimensions and in differential geometry, which were 
entirely beyond the reach of the mathematical 
methods of even twenty-five years ago 

Followmg these reviews and a consideration of 
mathematical analysis, Prof Newman asked what 
bearing these developments have on the problem of 
showmg pupils at school the true nature of mathe- 
matics He said that the underlymg primeiple of 
axiomatic mathematics, namely, that methods of 
domg things are what most interest mathematicians, 
or that methods are the heart of mathematics, can 
have a direct influence, on teachmg It imphes 
that the meanmg and interest of mathematics 


18 to be sought m using and seeing 16 ın action There 
is no need to make clear the reason for each rule of 
calculation to the pupil before he starts to use it 
Mathematics 1s a language, but ıt 1s now generally 
accepted that children should be taught to talk and 
read a language before they begm to learn the 
grammar Boys and men become interested ın 
machinery by seemg ıt m action and learning to use 
1t Then, if they are of gn mquwmg turn of mund, 
they find out how ıt works If a boy, in the course of 
learning to use logarithms, gradually learns and under- 
stands a coherent body of facts about them, he has 
learnt some mathematics, even before he finds out 
that ıt all depends on indices This, suggested Prof 
Newman, 1s the essence of axiomatic mathematics 
that the systematic development of deductions from 
abstract laws, and the study of the use that can be 
made of them, make a branch of mathematics 

In another session members heard a vivid descirp- 
tion of the Southampton Port Operation and Informa- 
tion Service, with papers by Captam J Andrew, 
harbour master at Southampton, and Mr A L P 
Milwright, head of the Ministry of Transport Radar 
Research Group at the Admuralty Signal and Radar 
Establishment 

Mr Milwright gave a technical description of the 
radar installation and Captain Andrew explamed 
some of the valuable sei vices that were bemg rendered 
1n the co-ordination of the movements of shipping 

The major session on April 10 was occupied with a 
discussion of the Association’s report, recently pub- 
lished, on mathematics ın secondary modern schools 

The report 1s particularly concerned with the mathe- 
matical ideas and teachmg methods which aie con- 
sidered suitable for the great bulk of the secondary 
school population between Il and 15 years of age 
These children may have shown no earlier sign of 
readiness for mathematics as an abstract study, or at 
least have not achieved the attainments mn arithmetic 
traditionally associated with the ablest of thew age 
group ‘There was no mtention of offering a specific 
syllabus of work suited to modern school pupils im 
general, since circumstances and personal qualities 
vary so greatly The report does, however, suggest 
& wide variety of possible approaches to secondary 
school mathematics, and problems of organization, 
including syllabus makmg and the use of examma- 
tions, are fully dealt with 

The report emphasizes the need for continuity in 
teachmg the subject, and stresses the dependence of 
work m the secondary school upon that done m the 
prunary schoo] Furthermore, the secondary school 
is increasingly influenced by the approachmg end of 
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full-time schooling and by the demands of adult life 
as well as those of individual growth and need The 
pupil's own sense of values 1s creasingly based on 
his estimate of what wil serve him in good stead 
in the future, rather than on what will brmg him 
mmediate satisfaction and approval ‘The report 
pays particular attention to the practical topic as a 
teaching method and to remedial work 

Durmg the discussion, Dr J J B Dempster, 
deputy chief education officer at Southampton, said 
that greater contact between, teachers m secondary 
modern schools and lecturers 1n technical colleges was 
mmperative The link between these imstitutions 1s 
tenuous because it 1s only recently that they have 
been m contact at all 

The stimulus and incentive of a possible future m 
technical education for the secondary modern school 
leaver could, however, help to raise the standard of 
mathematical teachmg ın the modern schools Dr 
Dempster believed that concentration on the more 
able children was necessary, but he hoped that we 
may ultimately get rid of the attitude that stresses 
calculations, putting m ıts place the idea of mathe- 
matics as information If pupils could be given a 
‘revelation’, a sudden awareness of what mathematics 
is about, much of the frustration felt by them and 
by their teachers might dis&ppear 

A description of the Pegasus digital computer at 
the University of Southampton was given by Dr 
G N Lance, and ths was followed by a paper by 
Dr J P Cleave on the translation of languages by 
machine Dr Cleave explamed that the science of 
mechanical translation ıs now well established, 
particularly in the USSR, the United States and 
Great Britain Stimulus to research comes from the 
presence of vast quantities of foreign technical (legal, 
economic, scientific, ete ) literature, which, through 
sheer volume, 1s beyond the capabilities of human 
translators Human translators are rare, costly and 
relatively inefficient , they may offer a stylistically 
polished work but it 1s often technically mexact 
The specialist can however, cope well with a crude 
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translation provided the key technical terms are 
translated exactly Dr Cleave proceeded to show the 
magnitude of the task, explaming that a programme 
for mechanical translation must at least contain a 
dictionary of which a reasonable mmumum. working 
capacity 1s estimated at 10,000 words This requires 
a reasonably fast access store of at least 20,000 
locations, which is several times larger than fast 
storage devices now available In addition, the 
programme must imelude a series of instructions 
defining the translation operations in terms of shifting 
and comparison of symbols Inflected languages 
and compound words, particularly the latter m the 
German language, also present problems The 
present development of mechanical translations 
shows the extent to which the science has already been 
brought with madequate equipment When larger- 
scale storage techniques are peifected, translation 
will become & practical science 

Other papers presented at the conference were on 
“Plated Polyhedra" by A R Pargeter, and the 
‘Mechanics of the Fun Far” by Wing-Commander 
T R Cave-Browne-Cave 

At the business meeting proposals to inaugurate an 
examination for a diploma in mathematics were wel- 
comed Detailed syllabuses have still to be prepared, 
but the intention 1s that teachers (and perhaps others) 
mught obtam a qualification by two years part-time 
study beyond the advanced level of the General 
Certificate of Education It 1s anticipated that the 
next annual meeting of the Association will establish 
the diploma, the first examunations fo. which may be 
held in 1961 

Elected as president for the coming year was Miss 
L D Adams, a former member of the Schools’ 
Inspectorate Mr F W Kellaway and Muss W A 
Cooke were re-elected as honorary secretaries, and 
Prof R L Goodstem as librarian and editor of The 
Mathematical Gazette The new honorary treasurer 
will be Mr M W Brown, m succession to Mi J B 
Morgan, who has held office for more than ten 
years 


POSTGRADUATE TRAINING IN THE PUBLIC HEALTH ASPECTS 
OF NUCLEAR ENERGY 


HE existence of many newly developed sources of 

nuclear radiation, the greatly increased utilization 
of radioisotopes, and the disposal of radioactive 
wastes from nuclear fission are factors which con- 
stitute a risk not only for those who work with 
radiation sources and radioactive material but also 
for the general public The dangers are known and 
every effort must be made to limit them to the 
mmimum, this will be largely by prevention 
Workers in public health must, therefore, have 
appropriate knowledge of those aspects of the 
nuclear-energy field affecting ther own respons- 
ibiities, and must be ready, where necessary, to 
interpret this knowledge to the general public The 
World Health Organization Committee on Pro- 
fessional and Technical Education of Medical and 
Auxihary Personnel was asked to consider the sub- 
jects which should be moeluded in the traiming sylla- 
buses for medical public health officers and other 
professional pubhe health workers, to determine 
what degree of knowledge the various members of 


the public health team should possess, and to mdicate 
suitable methods of providing instruction for per- 
sonnel who have finished ther formal traimng and 
are already 1n service 

In the introductory pages of its fourth report* the 
Committee discusses the problems of measurmg 
radiation and of elucidating its biological effects 
The public health aspects of peacefully used nuclear 
energy are then considered in their implications for 
the community, they are analysed as (a) positive 
aspects (that 1s, diagnosis, and therapy with radio- 
active substances , tracer uses of isotopes in biology, 
medicine, industry and agionomy , food and drug 
preservation and sterilzation), (b) negative aspects 
(that 1s, protection from the routme hazards of 
radiation m medicme and industry, precautions 


* World Health Organization Techn.cal Report Serres No 154 
Post-Graduate Training in the Public Health Aspects of Nuclear 
Energy Fourth Report of the Expert Committee on Professional 
and Technical Education of Medicaland Auxihary Personnel Pp 53 
(Geneva World Health Organization, London HM Stationery 
Office, 1958) 2 Swiss francs, 3s 6d , 060 dollars 
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agaist reactor accidents, disposal of radioactive 
effluents), and (c) public health legislation on the 
control of such hazards 

The Commuttee summarizes the 1esponsibilities, in 
relation to the use of nucleai energy, of personnel in 
the various health disciplines—health officers, hos- 
pital admumustrators, mdustiial hygiene workers, 
sanitary engineers of all types, veterinary public 
health workers, and laboratory and other technical 
personnel, instruction in the field of nuclear energy 
should speedily be mcorporated in graduate and 


RECORDING THE POSITIONS 


ORE than a century has elapsed smce Maltwood! 

introduced his admirable ‘finder’, which enabled 
the user to record the positions of objects on miero- 
scopical slides Not many of the original Maltwood 
finders survive Interest m the subject revived 
recently, when careful instructions for making simular 
finders were published? 

An instrument of the same sort as Maltwood’s, 
but differmg in details, has now been put on the 
market by Graticules Ltd under the name of the 
‘England Finder’ This resembles m appearance an 
ordmary microscopical slde When it is viewed 
under a low power of the microscope, 16 1s seen to be 
divided by rulings into a large number of squares 
In the centre of each square a circle 1s inscribed , 
each circle 1s distinguished by a letter and a number 
(for example, P31) The part of each square lying 
outside the circle 1s divided by vertical and horizontal 
straight lmes mto four equal parts, situated north- 
west, north-east, south-west and south-east of the 
circle , these are labelled 1, 2, 3 and 4, respectively 
The letters and numbers are clearly legible 

When an interesting object has been found on a 
microscopical slide, ıt 1s brought into the centre of 
the field of view It ıs necessary that the slide should 
he agamst the horizontal bar of the mechanical stage, 
and should be pushed up against the lateral stop 
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postgiaduate courses for public health students 
The Committee recommends that the teaching con- 
tent of the courses should cover physical pimoiples, 
biological principles, the application of nuclear 
energy and radiation, hazards and piotection , each 
of these subjects 1s considered at four teaching 
Jevels—an o1ientation couse, an introductory course, 
an advanced course, and a specialist course The 
compilation of a handbook of radiological health data, 
to serve as a reference manual for pubhe health 
workers, was also proposed 


OF MICROSCOPICAL OBJECTS 


The slide is then removed and the finder placed in 
exactly the same position The finder 1s exammed 
with a low-power objective If one of the circles 
covers the centre of the field of view, 1ts letter and 
number are recorded If one of the corners of a 
square covers the centre, 1ts number ıs recorded ın 
addition to the letter and number of the circle enclosed 
in that square (for example, P31/2) One can at any 
time find the interesting position on the slide by 
bringing the recorded place on the finder into position 
and then replacing the fimder by the slide 

It ıs elaumed by the manufacturers that their 
finders are all marked in exactly the same way, so 
that all give the same reading with the same object 

Those who have tried both verniers and finders 
are likely to favour the latter, because the letters and 
numbers are so easily read, and also because the 
recorded positions do not relate to one particular 
microscope only, but are applicable to any instrument 
provided with a mechanical stage (or some substitute 
for this) The only disadvantage is that the slide 
must be removed temporarily while the reading 1s 
bemg made The ‘England Finder’ can be strongly 
recommended J R BAKER 


1 Maltwood, T , Trans Micro Soc , 6, 59 (1858) 


? Bradbury, S , Galbraith, W , and Lyster, M E, Quart J Micro 
Sev , 97, 197 (1956) 


VERY LOW-FREQUENCY SPECTRA OF ATMOSPHERICS 
PROPAGATED THROUGH THE IONOSPHERE 


By TATSUZO OBAYASHI 


Hiraiso Radio. Wave Observatory, Radio Research Laboratories, Nakaminato-shi, lbaragi-ken, Japan 


T has been known for many yeais that atmospherics 

in the very low-frequency band can propagate to 
gieat distances In recent years, however, there has 
been a renewed interest of this problem, many 
investigators have found an evidence of a pronounced 
absorption band at 2-4 ke /s, while for frequencies 
around 10 ke /s there ıs little attenuation Extensive 
studies have been made on wave-form characteristics 
as well as the amplitude frequency spectra of indi- 
vidual atmospherics!? Then results showed distinct 
fiequency spectra of atmospherics, indicating the 
existence of an appropriate mode of propagation and 
of the strong selective attenuation due to 1onospheric 
influences A new theory of very low-frequency 
1onospherie propagation, known as the mode theory, 
was suggested by Budden? in 1951, and further 
theoretical studies have been pursued, especially by 
Waiut*®, who made an elaborate computation on the 
mode of ionospheric propagation and showed that the 


characteristics predicted by the theory accord well 
with the experimental facts 

In this mvestigation, an attempt was made to 
obtain a morie complete experimental proof of the 
mode theory Anew apparatus was developed 1ecord- 
ing continuously the firequency-spectrum of atmo- 
spherics Two sets of radio spectioscopes covering 
the frequency ranges 1-10 ke/s and 5-70 ke /s 
were used, each set consisted of the conventional 
very low-frequencies atmosphe1ics receiver of super- 
heterodyne type, a frequency scanning device with a 
display unit comprising a cathode-ray oscillograph 
and a photographic motion camera The band- 
widths of the scanner for the two very low-frequency 
bands were + 250c /s and + 600c [s , respectively, and 
its frequency-scanning rate was about 10 e /s Special 
attention was being paid to obtaining a flat frequency- 
response of the 1eceiver over the sweep-frequency range 
and a sharp cut-off for the rest of the frequencies 
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Fig 1 Frequency spectra of very low-frequency atmospherics 


The record was calibrated by frequency markers 
at intervals of 2 ke [s and 10 ke /s applied every 
hour 

Observations of atmospherics using these spectro- 
scopes have been carried out here since June 1958 
Simmultaneously, the intensity of atmospherics at 
27 ke /s has also been measured continuously The 
results so far obtamed appear to provide an excellent 
experimentalconfirmation of the mode theory 

Typical records are reproduced m Fig 1,1n which 
the hght and dark portions indicate intense atmo- 
spherics and weak or no atmospherics respectively 
Signals from radio stations are also recorded, which 
appear as white straight lines at, for example, frequen- 
cies of 17 and 38 ke/s It is evident from these 
records that there exists a frequency-band of strong 
absorption for atmospherics propagation around 
2-4ke /s The intensity of atmospherics is maximum 
at about 10-20 ke /s and 1t decreases towards higher 
frequencies with undulatmg peaks 

In discussing these frequency-spectra of atmo- 
spherics, 1b must be remembered that the period of 
sweep frequency (order of 0 1 sec ) 1s not long enough 
to cover the whole spectrum of individual atmo- 
spherics, which are usually less than a few milliseconds 
induration However, if 1$ 1s assumed that numerous 
atmospherics are occuring randomly withm a short 
period of time, a long time-exposure of the film should 
reveal the relative amplitude-frequency spectrum m a 
statistical sense 

By examining the records, 1t 1s found that night- 
time atmospherics are much less intense and extend 
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to wider frequencies than 
those of day-time There 
exists a strong absorption 
band at 2-4 kejs and 
certain clear strips of 
intensity m the higher 
frequencies, which are 
changing regularly with 
the local time As shown 
in Fig 2a the short dis- 
tance atmospherics (prob- 
ably fiom sources less 
than 500 km distant) do 
not show such frequency 
characteristics Therefore, 
the general features stated 
above should be restricted 
to long distance atmospherics, which may be 
strongly influenced by the ionospheric conditions 
The observed fact that the maximum mtensity 
of atmospherics lies in the frequency range around 
10 ke /s confirms the earher result, which was 
based on numerous studies of wave-forms and field 
intensity measurements of distant atmospherics 

By scanning the film records with a photo-electric 
scanner, the photographic pattern displayed by 
intensity-modulated plots was converted to a 
measure of the amplitude of the atmospherics 
Typical amphtude-frequeney spectra at night- and 
day-time are shown in Fig 3 The night-time 
spectrum has its maximum at about 8-10 ke /s 
and the intensity decreases with frequency in undulat- 
ing peaks, while the day-tume spectrum has a smooth 
lower maximum at about 15 ke [s These two types 
of the spectrum interchange rather distinctly at 
local suniise and at sunset The night-time pattern 
is shifted towards higher fiequencies as shown in 
Fig 2b although the sunset transition 1s less clear 

These characteristics of the amplitude-frequency 
spectrum of atmospherics appear to support the wave- 
guide mode theory whereby very low-fiequency 
radio waves are propagated to great distances by 
multiple 1eflexions ın the wave-guide bounded by 
the Earth and the 10nospheie?! An essential part 
of this theory is the existence of definite cut-off 
frequencies ın the mode of wave-guide propagation 
If we consider space between the ground fand 
1onosphere as a wave-guide, then the cut-off wave- 
length ıs given by 2h/n, where n 1s the integer specify- 
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ing the number of the mode and h 1s an effective 
reflecting height of the ionosphere When the 
boundary of the wave-guide is not perfectly con- 
ducting, as is the case with the actual 1onosphere, the 
cut-off wave-length 1s not sharply defined and the 
effective reflecting height of the ionosphere would 
become higher 

From the above consideration, the absorption band 
observed at 2-4 ke /s may be regarded as the effect 
due to an ionospheric cut-off of the fundamental 
mode, as suggested by Budden The dawn effect of 
the frequency-spectrum, which appears as the shifting 
of the maximum intensity bands towards higher 
frequencies, could be explained as the lowering of the 
ionospheric height or else the increase of the conduct- 
ivity m the lower ionosphere On the other hand, 
1t 1s already known fiom a number of experiments 
that the reflecting heght varies consistently from 
90km at night to 70km durmg the day? Therefore, 
this egrees well with the present conclusion 
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There 1s an another interesting fact, lending further 
support to the mode theory This 1s the relation 
between the sudden enhancement of atmospherics 
(SEA), and sudden ionospheric disturbances (SID) 
An intense solar flare occurred at 13h 35m, August 
16, 1958, which was associated with a pronounced, 
sudden enhancement of atmospherics in the record of 
field intensity of atmospherics at 27 ke /s The record 
of frequency-spectrum during this period 1s repro- 
duced m Fig 2c A sudden shift of the frequency- 
spectrum at the begmnmg of the solar flare 1s evident , 
the band of strong intensity was around 10-20 ke /s 
up to the beginning of the flare, as1s usual m day-time, 
and then at 13h 35m the band of strong mtensity 
shifted towards Ingher frequencies of 15-30 ke /s 
Consequently, at the higher frequencies ın the vey 
low-frequency band the intensity of distant atmo- 
spherics 1s enhanced, while at the frequency about 
10 ke /s or less a sudden reduction mn intensity occurs 
This confirms the result of Gardner? Smee ıb is 
known that during sudden ionospheric disturbances 
the electron density in the lower ionosphere 1s 
mereased and its height ıs lowered considerably, 
these facts are consistent with the explanation 
that the reduction of field mtensity in the lower 
very low-frequency band 1s caused by the cut-off 
moving towards shghtl$ higher frequencies, while 
in the frequencies above the cut-off the mtensity 
ıs enhanced considerably owing to the good 
reflexion condition m the lower edge of the iono- 
sphere 
1Chapman, F W ,and Matthews, W D , Nature, 172, 495 (1953) 

* Chapman, F W ,and Macario,R C V , Nature, 177, 930 (1956) 
2 Budden, K G , Phl Mag , 42, 1 (1951) 

t Wait, J R , Proc Inst Radio Eng , 45, 760 (1957) 

8 Wat, J R , Proc Inst Rado Eng , 45, 768 (1957) 


6 Waynıck, A H , Proc Inst Radio Eng , 45, 741 (1957) 
' Gardner, F F , Phl Mag , 41, 1259 (1950) 


COMPARATIVE EFFECTS OF HEAT ON CHROMATOGRAPHY AND 
ULTRA-VIOLET ABSORPTION OF DEOXYRIBO- OR 
RIBO-NUCLEIC ACIDS 


By D& SAUL KIT 


Department of Biochemistry, University of Texas M D. Anderson Hospital and Tumor Institute, Houston, Texas 


HERE ıs considerable evidence to suggest that 

the deoxyribonucleic acids (DNA) represent 
lmear, unbranched molecules in which two comple- 
mentary heheal polynucleotide chains are twined 
around one another? As proposed by Crick and 
Watson?, the two chams are held together by hydrogen 
bonds between bases, each base being joined to a 
companion base on the other cham The pairing of 
bases 1s specific, adenine gomg with thymine and 
guanine with cytosme Lawley‘ has observed that 
when solutions of deoxyribonucleic acid are heated in 
neutral saline solution at temperatures of 80° or 
greater and then cooled to room temperature, the 
optical density in the ultra-violet ıs increased by 
about 30 per cent Table 1 illustrates this effect 
for various samples of tumour or normal spleen 
deoxyribonucleic acid In the presence of sodium 
ions, there 1s no change in the shape of the absorption 
curves but the extinction coefficient increases at the 
wave-lengths 230-280 mu Since 1b 1s unlikely that 
such treatment breaks phosphodiester bonds, the 


increased optical density has been attributed to 

(a) the breaking of the hydrogen bonds between pairs 
of bases and the separation of sections of the two 
polynucleotide chains, (b) a rearrangement of the 


Table 1 EFFECT OF HEAT ON NUCLEIC ACID ABSORPTION IN ULTRA- 
VIOLET 








Deoxyribo- Ribonucleic 
Tissue nucleic acid acd 
Per cent of control value 
Ehrlich 128 115 
Lettre-Ehrlich 187 111 
Lettre-Ehrheh — 109 
(sucrose—cıtrate extract) 
6C3HED-DBA to C3H 130 98 
6C3HED-DBA — 113 
6C3HED 134 
E9514A 135 
Leukemia No 10 135 
Spleen 128 














Heated 1 hr at 100? at pH 7, 0 01 M or 0 05 M sodium chloride, 
0 005 per cent solution of nucleic acid and then cooled to room tem- 
perature Optical density read at 258 my with Beckman DE-9 
spectrophotometer 
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more flexible sigle chains to configurations ın which 
the purine and pyrimidme rings are no longer super- 
unposed* The conclusions of Lawley are generally 
supported by physical chemical studies of solutions 
of heated deoxyribonucleic acid although the exact 
results which are obtamed depend on the concentra- 
tion of the acid or ions in the solution? 

The chromatographic profiles on cellulose-anion 
exchange resins of deoxyribonucleic acid are also 
markedly modified by brief periods of heat treatment’ 
(Fig 1) Most of the heated deoxyribonucleic acid 
can be eluted from the resins by 0 8 M sodium 
chloride although higher salt concentrations and 
increased alkalinity are required for the elution of 
the untreated samples As the relative ease of elution 
of mixtures of deoxyribonucleic acid from anion 
exchangers 1s in part a function of the molecular 
weight or state of aggregation of the molecules?-® the 
chromatographic results suggest that molecules of 
reduced molecular weight are generated as a result 
of the cycle of heatmg and coolmg 


No 4679 


2s% LEUKEMIA #6, 0009% SOLUTION 
; ——2500 =. CONTROL- DNA 


Is . HEATED I5!, 100°, pH 7 


) (500 mg DEAE-CELLULOSE 
l — 30cc per hour) 


08 


OPTICAL DENSITY 





02/03 {04110 | 05M Na OH 
MOLAR NH, IN 20 M NaCl 


MOLAR Na CI IN 0001 PQ; + 
0001 M VERSENE pH TO  M'No CI IN OOM PO, pH BO 


Fig 1 Effect of heat on chromatography of leukemia No 6 deoxy- 

ribonucleic acid Approximately 3 mgm of the acid was apphed 

to each column Recovery of deoxyribonucleic acid on control 

column, 111 per cent , heated sample, 105 percent 5c c aliquots 
collected, 6 aliquots per eluting solution 


Although ribonucleic acids from many sources 
have been exammed by physical methods within the 
last few years, no clear-cut and consistent picture of 
the configurational properties has materialized!,12 
It 1s therefore noteworthy that the effect of heat on 
the optical density and chromatographic profiles 
of ribonucleic acid are in marked contradistinction 
to that of deoxyribonucleic acid 

Ribonucleic acid was prepared from the same 
sources as the samples of deoxyribonucleic acid by 
modifications of Kirby’s method!?:5 The mbonucloic 
acid was extracted with 8 volumes of 0 01 M sodium 
chloride and 8 volumes of 90 per cent phenol contam- 
ing 10 per cent m-creso] All operations were carried 
out in the cold room (about 6°) and the rybonucleic 
acid was dissolved in 0 01 M sodium chloride rather 
than water at each of the reprecipitation steps 
When these samples were heated for 1 hr at about 
100°, m neutral saline solutions (0 05-0 5 M sodium 
chloride) a 20 per cent increase of the optical density 
was observed (Fig 2) Hall and Doty found a simular 
increase in the case of calf liver microsomal ribo- 
nucleic acid! On cooling to room temperature, the 
optical density is reduced to about 10 per cent 
above the control value (Table 1) These observations 
are consistent with the view that intra- and inter- 
chain attractions m ribonucleic acid arise from 
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Fig 2 Effect of heating (100° for 20 min ) and subsequent cooling 

to room temperature on the optical density at 258 my of Ehrlich 

ascites tumour ribonucleic acid The acid samples were dissolved 

1n neutral saline solutions (0 05 A{-0 6 M sodium chloride) at a 

concentration of 0 004 per cent ribonucleic acid The Beckman 

DE-2 spectrophotometer was used to record the optical density 
between 300 and 240 mz 


hydrogen bonding between purme and pyrmmudme 
bases, but that the fraction of the base pairs involved 
m hydrogen bonding ıs relatively unchanged by the 
heating cycle Indeed, the first heatmg cycle of 
freshly prepared ribonucleic acid shows the same 
results as successive cycles, in contrast with deoxy- 
ribonucleic acid, where the optical density never 
returns to the original value after the first heating! 
Ribonucleic acid which was prepared from a 0 25 M 
sucrose-0 01 Mf citrate extract of the tumour cells gave 
the same results after heating as the total ribonucleic 
acid of the cells (Table 1) 

Preparations of ribonucleie acid have been chrom- 
atographed after the samples were heated m neutral 
salt solution for 15 min at 100° and cooled to room 
temperature (Fig 3) Agam, unlike that of the 
deoxyribonucleic acid, the chromatographic profiles 
of the heated ribonucleic acid were unchanged from 
that of the controls These results add validity to 
recent suggestions that the ribonucleic acid consists 
of a smgle-stranded polynucleotide cham!1,14-16 
They are also consistent with the speculative models 
in which a single-stranded molecule of ribonucleic 
acid 1s visualized as functioning ın the 1mitial transfer 
of coded information from. double-stranded molecules 
of deoxyribonucleie acid??.18 








6 C3HED -DBA - 80 RNA 
— CONTROL (62,000 O D UNITS/COLUMN) 
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Fig 3 Effect of heat on chromatography of tumour (6C3HED- 

DBAJ[80)-ribonucleie acid Approximately 3 mgm of the acid 

were applied to each column Recovery of ribonucleic acid 
control, 75 per cent , heated sample, 78 per cent 
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MECHANISM OF THE ATHEROGENIC ACTION OF 
EXCESS HYDROCORTISONE 


By Dr HENRY GROSSFELD 
Department of Orthopadic Surgery, College of Physicians and Surgeons, Columbia University 


N animal experiments, adrenocortical steroids can 

act by elicrtmg vascular damage’? In man, high 
thereapeutic doses of adrenocortical steroids lead to 
arteriosclerosis In Cushing’s syndrome, excess 
adrenocortical steroids produce severe arteriosclero- 
sis Other factors possibly mvolved in atherogenesis, 
for example, steroid diabetes, and ‘stress’, show 
hyperplasia and hyperfunction of the adrenal cortex, 
and have been assumed to act via the adrenal 
cortex Therefore, progress achieved_m the elucida- 
tion of the mechamsm of action of adrenocortical 
steroids might shed new light on problems of athero- 
genesis 

The protem-catabohe effect of C-1l-oxygenated 
steroids, and the stimulation of glyconeogenesis from 
amuno-aeids are firmly established results of experi- 
ments on animals and man, but no conclusive evidence 
had been obtamed on the question whether gluco- 
corticoids affect the rate of oxidation of glucose On 
one hand, glucocortical hormone promotes the normal 
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function and survival ofethe intact cell, as demon- 
strated by rts action on adrenalectomized ‘adynamic’ 
animals, and m Addison’s disease , but on the other 
hand, excess glucocorticoid action causes mhibition 
of growth and of wound healing, and disruption of 
cellular structure, for example, destruction of 
lymphatic tissue and of thymus 

An mvestigation mto the direct action of gluco- 
corticoids on respiration and aerobic glycolysis of 
cultured cells has been carried out, m order to obtain 
more information on the action of cortical steroids on 
energy production The methods used were described 
elsewhere* In one group of experunents, a single 
dose of hydrocortisone im high concentration added 
to a cell suspension in the Warburg vessel before its 
transfer to the manometric bath caused mhibition 
of respiration coupled with merease of aerobic glycoly- 
sis (Table 1) Hydrocortisone in the same concentra- 
tion added in a single dose to cultured cells caused 
growth inhibition averagmg 40 per cent for 125 


Hydrocortisone (1 25 ugm ml ) 


Deoxycorticosterone (1 25 ugm /ml ) 


o—— ——* Cortone(1 25 ugm [ml ) 
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Table 1 ACTION OF A SINGLE GROWTH-INHIBITORY DOSE OF HYDROCORTISONE ON RESPIRATION AND AEROBIC GLYCOLYSIS 























Concentration Oxygen consumed (ul ) after hr Carbon dioxide (4l ) evolved after hr T | 
No y[ml * 2 3 4 5 2 3 4 5 | 
1 150 —81 —128 —144 —148 — +42 83 +28 19 — 
0 —115 —166 —9214 —221 — 0 T 0 0 T 0 — 
2 125 —55 —102 —130 —146 —146 +88 40 72 82 86 
0 —88 —155 - 225 —258 —280 0 B 0 + 0 $ 0 y 0 
3 100 —87 —141 —103 —253 — +46 181 148 123 — 
0 —99 —175 —187 —269 — 0 ii 0 T 0 t — 
4 60 —64 - 72 —106 —118 — +52 +188 +149 +169 — 
0 —78 —110 —139 —149 — 0 0 0 — 
5 125 —13 —50 —62 —62 —73 +69 +110 +83 -+65 45 
0 —41 —157 —240 —313 —362 0 0 0 0 2 0 
6 125 —19 —98 —47 — — +96 +185 4-184 — — 
0 —44 —70 —98 — — +21 +50 +25 — — 
7 125 —921 —33 —36 —45 — 4 68 +113 +153 +141 — 
—40 —57 —84 —07 — T16 +40 125 +17 — | 











* Single dose added to the Warburg flasks 
T After subtraction of respiratory carbon dioxide 


y/ml, as determmed by enumeration of cell nuclei 
In & second group of experiments, hydrocortisone m 
concentrations of about 0 50-1 50 y/ml added to 
cultures three times at intervals of 2-3 days 
caused stimulation of "respiration (Table 2) 
The mmeralocorticoid deoxycorticosterone showed a 
considerably smaller effect than hydrocortisone 
(Fig 1) 

These results indicate that hydrocortisone m 
lower concentrations, by stimulating respmauon 
increases energy production and thus enhances 
work efficiency In excess hydrocortisone, respira- 
tion is depressed, glycolysis mcreased, and sugar is 
also synthesized from ammo-acids At the same time, 
inhibition of protem synthesis by excess hydrocorti- 
sone may lead to impairment and damage of cellular 
structure, perhaps by depletion of structural protem 
In msufficient respiration, hydrocortisone in high 
concentration appears to be instrumental m causing a 
shifts towards more anaerobic utilization of sugar 
This would agree with findings of hyperfunction and 
hypertrophy of the adrenal cortex durmg strenuous 
work for which anaerobic energy ıs utilized® 

It has been found that fibroblasts derived from 
various organs produce «n vitro various patterns of 
acid mueopolysaecharides*-? The chemical differen- 
tiation of fibroblasts 1s mamtamed for long periods 
of time only in primary cultures (up to now for more 
than two years), while replicate cultures of cell strains 
of mesenchymal origin irreversibly lose the ability 


to produce mucopolysaecharide Indeed, there is a 
parallelism between loss of chemical differentiation 
(that ıs, production of mucopolysaccharides) and 
increase of ratio of aerobic glycolysis to respiration? 
It 1s suggestive that depression of respiration (coupled 
with release of aerobic glycolysis), leading to loss of 
differentiation, may be mvolved im the atherogenic 
effect of excess hydrocortisone, which has been 
shown to depress respiration and stimulate anaerobic 
metabolism Jn fact, depression of oxidative meta- 
bohsm in arterioselerotie!? and m aged?! arteries 
has been reported Depression of respmation, with 
release of aerobic glycolysis, m addition to vascular 
damage, could thus be demonstrated ın arteries 
of rats treated with large atherogenic doses of 
hydrocortisone 

Two more diseases of endocrmes which normally 
are mvolved in carbohydrate metabolism, namely, 
thyroid and islets of Langerhans, may also become 
involved im the pathogenesis of arteriosclerosis 
Myxcedema invariably leads to severe arteriosclerosis 
There ıs evidence of increased susceptibility of the 
thyroid-deficient animal and person to arteriosclero- 
sis In senescent animals, the thyroid ıs reduced ın 
size"?  Aloxan diabetes leads to arteriosclerosis in 
rats'* Diabetes considerably mncreases the incidence 
of arteriosclerosis m man A considerable degree of 
hypertrophy of the adrenal cortex, resembling 
adenomas m Cushing’s syndrome, has been found in 
diabetic arteriosclerosis'* The connexion between 


Table 2 ACTION OF LOWER CONCENTRATIONS OF HYDROCORTISONE ON RESPIRATION 











Concentration Oxygen consumed (ul ) after hr 

No y[ml * 1 2 3 4 5 
1 150 --181 —276 —374 —474 —573 
0 —183 —190 —239 —271 —282 

2 1 50 —193 —363 — 492 —668 — 
0 —141 —241 —300 —346 — 

3 150 —130 —219 —290 —360 — 
0 —94 —166 —193 —226 — 

4 2 00 -—176 —379 —524 — 664 — 
0 —97 —227 —313 —346 — 

50 —78 —123 —150 —177 — 

j ? —67 —96 —104 —109 — 
1 25 —T72 —100 —129 —145 —152 

: 0 —47 —60 —64 —81 —76 

















* Added to the cultures three times, 
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depression of respiration and hypersecretion of 
adrenal cortex can also be seen in the demonstration 
of increased adrenal weights m rats maintained at a 
depressed oxygen supply!* 

Tt has been assumed that glycolysis, ceteris paribus, 
may provide a more adequate environment for fatty 
acid synthesis than respiration In fatty acid synthe- 
sis, acetyl-S-coenzyme A ıs reduced by reduced 
dyphosphopyridme nucleotide and the reaction pro- 
ducts are diphosphopyridine nucleotide, beta- 
hydroxybutyryl-S-coenzyme A and reduced coen- 
zyme A The cycle of reactions 1s repeated eight times 
until stearyl-coonzyme A ıs formed Fatty acid 
synthesis requires thus the participation of reduced 
pyridine nucleotide Smee oxidation of lactate 1s 
coupled with reduction of diphosphopyridine nucleo- 
tide, the ability of lactate to regenerate reduced 
pyridine nucleotide might be an important factor m 
stimulatmg  hpogeness!$/* This assumption 1s 
compatible with the findmg that m tissue-cultured 
cells in which relatively high glycolysis 1s a character- 
istic feature of carbohydrate metabolism, there is a 
striking tendency to augmentation of cytoplasmic 
hpid 

"the examples show a relationshrp between high 
glycolysis and fatty acid synthesis Cells m tissue 
culture exposed to the action of hydrocortisone in 
high concentration show more cytoplasmic lıpıd than 
control cultures!*-?! Large amounts of higher fatty 
acids, m addition to lactic acid, were found m worms 
producing about six times more glycogen m fermenta- 
tion than m respiration?? There is a striking accumu- 
lation of lipid m the cytoplasm of chondrocytes m 
cartilage with high rate of glycolysis It 1s tempting 
to correlate the high glycolysis rate found ın normal 
human arteries—51 per cent of total glucose utiliza- 
tion?i— with the accumulation of lipid in human 
arteries of healthy individuals of all ages, mcluding 
infants? It ıs suggestive that the amount of hpid 
m arteries wcreases with the increase of ratio of 
aerobic glycolysis to respiration 

Several kmds of tissues with predommantly 
anaerobic metabolism are known, such as, for example, 
lens, cartilage, human sperm, intestinal mucosa 
Other tissues, such as heart muscle, have an almost 
exclusively oxidative metabolism Still other tissues, 
for example, testis, bram, medulla of kidneys, pitui- 
tary, arteries, possess both respiratory and fermenta- 
trve systems? They possess a regulative device 
which enables them to use either them anaerobic or 
, ther aerobic system They are equipped with a 
switch mechanism (ther ‘Pasteur effect’) which keeps 
fermentation from functioning so long as the respira- 
tory system supplies sufficient energy, but may 
throw ıt mto operation in emergency when energy 
supply from respiration is erther blocked or 1s too 
slow It has been presumed that hormonal action 
might be mvolved in such regulations?! Muscles 
suddenly put under stram must rely predommantly 
on a supply of anaerobic energy**.*, and there 1s no 
basic difference m energy moetabohsm between 
striated and smooth muscles?! There are mdications 
that adrenocortical steroids may be instrumental 
in the switch from oxidative to fermentative meta- 
bolism?? Anaerobic glucose utilization was found 
to be, to a significant extent, the source of energy for 
the work of arteries?? It ıs suggestive that the ratio 
of aerobic glycolysis to respiration ın arteries depends 
on the extent of blood flow needed for the organ sup- 
phed by the arteries, and on the oxygen tension of 
the blood 
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Let us consider as an example the coronary arteries 
of the heart The metabolism of the heart muscle 1s 
strictly oxidative Of the total myocardial oxygen 
used, 16 per cent 1s for glucose oxidation, 17 per 
cent for lactate oxidation and 67 per cent for oxidation 
of fatty acids which are derived from blood lipids*® 
Almentary hpsrmua would result in an merease m 
the contribution of fatty acids to the oxygen con- 
sumption of the heart The oxygen extraction of the 
heart muscle is maximal Therefore, the response of 
the heart to mereased demands of oxygen must con- 
sist in an increase of coronary blood flow The 
response to anoxia with lactic acid production in the 
heart muscle 1s obtamed only m its severest forms, 
for example, m hemorrhagic shock, or ventricular 
fibrillation An increase of oxygen demand during 
exercise necessitates an merease of coronary blood 
flow, which m part must be carried out by moereased 
work of the coronary arteries This additional work 
of the arteries requires an additional supply of energy 
The source of such additional energy cannot be 
aerobic since 1b 1s designed to make possible produc- 
tion of aerobic energy by increased blood flow 
(Blood flow through the vasa vasorum also depends 
on heart muscle work ) 

It must thus be postulated that the coronary 
arteries are able to incieage the utilization of anaerobic 
energy when increased flow to the heart muscle 1s 
required for the supply ofmore oxygen In fact, as has 
recently been found?%, anaerobic energy accounts for 51 
per cent of the total energy production in arteries 
It 1s suggestrve that the extent of anaerobic energy 
production ın the coronaries increases m proportion 
to the extent of relative hypoxia It would appear 
that so long as the ratio of anaerobic to aerobic 
metabolism is not too high, ther work remains 
unimmpared But if certain as yet unidentified steps 
of oxidative metabolism are permanently depressed, 
anaerobic metabolism becomes the mam source of 
energy supply, which is less economical and in some 
respects mferior to the normal arterial metabolism 
It may perhaps give rise to mereased formation of 
cytoplasmic lipid It might eventually mpair the 
functional and structural cellular imtegiity®31 
In that regard, the following possibilities should be 
considered Cell differentiation presumably requires 
the presence of mtact organized respiratory enzyme 
systems When cells normally deriving part of therr 
energy from oxidation are forced by environmental 
conditions, such as relative hypoxia or by damage to 
certam enzymes, to use anaerobic energy only, 
pathological alterations may eventually result  In- 
creased anaerobic metabolism im the coronaries, 
stimulated by excess hydrocortisone, is associated 
with excessive proteolysis, which may cause depletion 
of functional protem and interfere with re-synthesis 
of enzyme systems Extensive depletion of storage 
and of functional protem under the influence of excess 
hydrocortisone has been reported® 

These general concepts, which have evolved m the 
course of experrmental work, were conceived only as a 
tentative approach to some problems of atherogenesis 
They are not new, since they were anticipated m 
1876 by Louis Pasteur The basic difference between 
respiration and fermentation as expressed in cell 
morphology and the efficiency of performance of 
specific cell functions was noted by Pasteur when he 
described his famous observations as follows ‘In 
the absence of air, yeast cells deteriorate, become 
granular, form proturbances which disintegrate, and 
eventually degenerate Addition of a small quantity 
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KERR Optical Mineralogy 
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STEWARD and FARON Native Peoples of South 

America 
Two noted anthropologists have written this 
cultural-historical description of the South 
American Indians from their first appearance in 
South America to the present time The aim is to 
present why and how the different varieties of 
culture developed in pre-Columbian times, and, 
under Western influences, in post-Columbran 
times 66s 


WHITE, HANDLER, SMITH, and STETTEN 
Principles of Brochemistry second edition 
The revised edition of this most successful textbook 
in biochemistry continues to stress the fundamental 
principles and concepts of the subject, considering 
where possible the mechanisms of, and factors 
influencing, biological reactions Changes have 
been made in the text following recent rapid 
advances in the knowledge of the subject, with 
special emphasis given to metabolism, endocrin- 
ology, biochemical cytology, and the specificity of 
enzymes A particularly useful book for chemistry 
graduates, and medical and dental students 
£5 l6s 6d 


McGraw-Hill Publishing Company Limited 
McGraw-Hill House London EC4 


THE NIMONIC ALLOYS 


W BETTERIDGE 


s the book that Dr W Betteridge, with some 
assistance from some of his colleagues, has produced, 
dealing with the class of heat resisting alloys, known 
as * Nimonics " can be very strongly recommended ” 
—Journal of the Royal Aeronautical Society 

80s net 


CHEMISTRY AND TECHNOLOGY 
OF NAPHTHALENE COMPOUNDS 
N DONALDSON 


“ the author has wisely met the needs of more 
than one kind of reader, so that in addition to the 
supreme value of his book as a work of reference, 
particularly for research workers, the theoretical dis- 
cussions on bond structure and similar topics will 
appeal to the advanced student also "—Journal of 
the Royal Institute of Chemistry 


ri a major reference work "—Library Journal, 
New York 
90s net 


PNEUMOCONIOSIS 
P F HOLT 


“This book ıs a tour de foice and a testimony to the 
wide range of Dr Holts knowledge The paper and 
prnting are excellent and the illustrations well- 
produced I can offer no higher commendation than 
to say that I am glad to have this volume in my 
library and that it will be a constant source of 
reference "—British Journal of Indust ial Medicine 
Os net 
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Thought and Affars July 1959 


NEW SUGARS 
by Professor W G Overend 
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by Dr G Cole 


BIOTIN AND CANCER A Review 
by Michael H Briggs 


THE OPTIC-ACOUSTIC EFFECT IN GASES 
by Dr M E Delany 
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NOTES 

ESSAY REVIEW 
“Anatomie de Latimeria Chalumnae," Vol 
J Millot and J Anthony 
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The Sigma 
Cooperative Allowance 






























What it 1s: 


Non-profit laboratories Anywhere in the World that need Sigma 
reagents, but do not have the necessary dollars for their purchase 


may request an allowance of up to 100% of the invoice 


If they are in a hurry, the request should be by long Distance Collect 





Telephone. It ıs a Pleasure to pay such a bull! 


In other words: 





If you have plenty of money, purchase your reagents Anywhere 
If you are pressed to meet your other obligations, Call Sigma! 
No Obligation 


PS Evenif you don’t need our financial assistance at this time, we really 
hope you will always insist on Sigma Reagents! If purity 15 essential, 


we don't think we have an equal 


Enquiries Invited 
Let us know if you did mot receive our April 1959 Catalog Keep us 
advised of Address Changes (Always include your Old Address) 


SEND YOUR ENQUIRIES TO. 
GEORGE T GURR, LTD , 136/138 NEW KING'S ROAD, LONDON, 
SW6 


or directly to 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB STREET, ST. LOUIS 18, MO., U.S A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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When you think of 
ENZYMES 
think of Sigma 


Sigma probably offers the most Complete List 
of Enzymes in the World 


Some are excellent, high purity, crystalline preparations. 
Some are simply “practical” grade, crude preparations. 
In fact, a few are only Acetone Powders from which you must extract the 
activity. 
but 


All are the best available at the moment. You can be sure that as time 
permits, we will continue to raise the purities offered. 








Adenosine Deaminase 











Elastase Isomerase, Phosphohexose, Phosphopyruvate Kinase 
Alcohol Dehydrogenase Enolase Jack Bean Meal Phosphorylase 
Aldolase Enterokinase Lactic Dehydrogenase Pig heart Acetone Powder 
Alkaline Phosphatase Ficin Lipase Pigeon Liver Acetone Powder 
D-Amino Acid Oxidase Galactokinase Lipoxidase Pyruvate Kinase 
-Amylase Glucose Oxidase L-Lysine Decarboxylase Rennin 
Arginase, Powder Glucose-6-Phosphate Dehy- Lysozyme Ribonuclease 
Vo L-Arginine Decarboxylase drogenase Malic Dehydrogenase Steroid Dehydrogenase 
. Sarbonie Anhydrase 6-Glucasidase Muscle Extract Powder Sulfatase 





















Carboxypeptidase 


Carnosinase, Powder, Practical 


Catalase 
<o Celtulase 
oo Cholinesterase 
aO Chymotry 
Jo psChymotry 
y-Chymotrypsin | 
Chymotrypsinogen 
‘Collagenase... 
Deoxyribonuclease 
Diaphorase - 
DPN Kinase 


fi-Glucuronidase 

Glutamic Decarboxylase 

L-Glutamic Dehydrogenase 

Glutathione Reductase 

Glyceraldehyde Phosphate 
Dehydrogenase 

a-Glycerophosphate Dehydro- 
genase 

Hexokinase 

Histidine Decarboxylase 

Hog Kidney, Acetone Powder 

Hyaluronidase 

Isocitric Dehydrogenase 


Sigma also announces 


Myokinase 

Pan-Protease 

Papain 

Pepsin 

Pepsinogen 

Peptidase 

Peroxidase 

Phosphatase Acid 

Phosphatase, Alkaline 

6-Phosphogluconic 
Dehydrogenase 

3-Phosphoglyceri¢ Phospho- 
Kinase 


the availability of limited 


quantities of the following 


CARCINOGENICS 


2-Anthramine 
Morgan's Base 
Dibenz (a,h) Acridine 


SEND YOUR 


Dibenz (a,j) Acridine 


Tautomerase 

Transacetylase 

Trypsin 

Trypsinógen 

Tyrosinase 

Urease 

Uridine Diphospho-Glucose- 
Dehydrogenase ; 

Xanthine Oxidase 

Yeast Enzyme Concentrate: 

Yeast, Galactose Adapted - 

Zwisthenferment 





7,9-Dimethyl benz (c) Acridine 
7,10-Dimethyl beriz (c) Acridine 
6-Methylbenz (x) Pyrene 


ENQUIRIES TO 


S.W.6. 
or directly to 


S 


IGMA 


CHEMICAL COMPANY 


3500 DEKALB STREET, ST. LOUIS 18, MO., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 


‘GEORGE T. GURR, LTD., 136/138 NEW KING’S ROAD, LONDON, 
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Brewster 
and the 
labours of 
philosophers 


‘The result of this experiment presented me with a phenomenon so 
extraordinary in its aspect... and lying so close to the root of 
atomical science, that I am persuaded it will open up a field of 
research which will exhaust the labours of philosophers for centuries 
to come.' The experiment, in 1832, had led Sir David Brewster 
to conclude that ‘the original light of the sun is continuous from 
one end of the visible spectrum to the other and that the deficient 
rays are absorbed by the gases generated during the combustion by 
which the light is produced.' The philosophers have laboured to 
good effect, and their endeavours have led in our day to automatic 
spectrochemical analysis—the quickest, surest, most comprehensive, 
and most economical method of analysis in research and industry, 
and one for which we are selling instruments to progressive firms 
throughout the world. 


HILGER & WATTS LTD - 98 ST PANCRAS WAY * LONDON + NWI GULliver 5636 


HILGER & WATTS LTD., WITTEN, GERMANY. HILGER & WATTS INC., CHICAGO 5, U.S.A. 
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of air makes them recover and rejuvenate This 
quality 1s more or less mherent m all plant and 
animal cells” “ Respiration mamtams youth and 
economical life of cells If air is not renewed at all, 
the vital activity origmally acquired by the cells 
under its mfluence is gradually exhausted and at 
the end fermentation itself may be extimguished ” 
" — The possibility to live without air 18 accompanied 
by morphological alterations which are the more 
profound, the farther that quality has developed ” 
“I should not be surprised 1f in the mind of an atten- 
‘tive reader a presentument would arise about the 
causes and explanation of that great mystery of life 
which m our ignorance we call youth and agemg’’s? 
*Masson, G M C, “Atherosclerosis”, 99 (US Nat Acad Sc, 
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OPTICAL ACTIVITY OF STERCOBILIN AND d-UROBILIN 


By Pror C H GRAY, P M. JONES, Dk W KLYNE and Dk D C NICHOLSON 


Departments of Chemical Pathology at King's College Hospital Medical School, London, S E 5, and at the 
Post-graduate Medical School, Hammersmith, London, W !2 


HE identification of the structural factors respon- 
sible for the optical activity of the urobilmoid 
pigments presents an interesting problem in stereo- 
isomerism Some properties of the five pigments at 
present known are summarized ın Table 1, their 
structures are shown in Fig 1 Laevo-rotatory 
enantiomorphs of d-urobilm and d-urobilm IXa, 
which are present m the racemic forms of these 
pigments, have not yet been isolated (The use of 
the prefix d- to mdicate a dextro-rotatory compound 
is now contrary to standard practice m organic 
chemistry; ıt has, however, become customary 
in this particular field ) 
Although the molecular structures of stercobilin 
and d-urobilin are known, their stereochemistry and 
the origin of their optical activity remam obscure 


Optical activity might concervably arise from non- 
planarity of the system of four pyrrole nucle, thus 
possibility can, however, be excluded since biliverdin 
and bilirubm, which have no asymmetric carbon 
atoms, are not optically active Asymmetric carbon 
atoms are present in one «-position of each of the 
terminal pyrrolidone rings (ın stercobilm) and pyrrol- 
none rings (m d-urobiln), m stercobilm there are 
also asymmetric carbon atoms in the B-positions of 
the end rmgs Urobilm [Xa may then be exher a 
racemic d-urobihn IX« or a meso-hke compound m 
which the two asymmetric carbon atoms exert 
opposite effects 

Stercobilm retams its optical activity even on 
treatment with warm potassmum £-butoxide, while 
d-urobilin 1s rapidly racemized in 1 25 N aqueous 


















Table 1* 
Zmax for solution of hydro- [M]p for hydro- 
Pigment Source Molecular formula chloride ın CHCl;t chloride 1n CHCl, 
Stercobilin Human fæces (1) and urine (2) CasHeOeN« (3) 496-498 [8 75 x 10*] (4) — 24 x 10? (5) 
d-Urobilin Human fæces (5) after antibiotic therapy | — Cas Ho OsNa (7) 499 [8 5 x 10*] (4) +29 x 10° (5) 







and ın biliary infection (6) 











Racemied-urobihn| d-Urobilin by treatment with alkali (8) aR ODE ) 499 (4) Inactive (8) 
assum. 
Urobilin-IXa Probably human (9) fæces, synthesis (10) | CasHa2OoN, (12) 496-497 (4) Inactive 
and m Turo ved ORAE of meso- 
1lirubinogen 
d-Urobihn IXa Tetrahydro-d-urobihn by dehydro- C53H4:04N4 499 (4) +29 x 10° (8) 
genation (8) (assumed) 








* Figures 1n parentheses are reference numbers. 
+ Figures 1n square brackets are extinction coefficients 
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alkali at room temperature This difference between 
the two pigments may be explamed by the effect 
of the extra unsaturation in facilitating the 10n1zation 
of the hydrogen atom bound to the asymmetric 
carbon atom in d-urobiim Examples of simple 
optically active pyrrohdone compounds with one 
asymmetric carbon atom are 5-carboxypyrrolid-2-one 
(pyroglutamic acid) and its ethyl ester!4 which 
resemble the end rings of stercobilm without the 
B-substituents The possibility of optical contribu- 
tion by other structural features m the urobihns is 
bemg explored 

The large molecular rotations of the urobihnoid 
pigments! at the sodium D-hne (589 my) are a 
consequence of the fact that ther absorption bands 
(~ 500 my) are close to this hme The availability of 
a speotropolarumeter!" led us to measure optical 
rotatory dispersion curves for stercobilm and 
d-urobuin (Fig 2) from 620-470 my These curves 
show that the antipodal relationship of the rotations 
of these two pigments is more extensive than ıs 
evident from therr effects solely on sodium hght The 
typical ‘Cotton effect curves!?, with marked changes 
in optical rotation near the absorption maximum, 
show that the groups responsible for light absorption 
also affect rotation**° The dipyrrylmethene group 
which is responsible for the mam spectral absorption 
band of the urobilins*422 must also, therefore, be 
chiefly responsible for ther optical activity at about 500 
my Further work on other derivatives 1s ın progress 

It 1s mteresting to note that m stercobilm the two 
centres of asymmetry adjacent to the dipyrryl- 
methene (DPM) groups are each attached to H, NH, 








STERCOBILIN 
M E M P P M M E 
H | | H | | l | H | | H 
| a we | | H, | 
Z 
Í ÓN N 
o^. N Neg SN OH Js zd So 
H H H 
d-ÜROBILIN 
M E M P P M M y 
| | | l | | | 
| H | H 
aK A J X 1 pi 
N: EN ^ NN cg, ONN 
H H H 
or, 
[ou See, diede aes 
[i], [| | | 
H 
4 l k "a | N 4 : ) 2s A kh 
cs CH, E Ga” SN Sog, NNO SG 


(or these structures with interchanged end-rings) 


UROBILIN-IXa AND d-UnoniLIN-IXa 


M E M P POM M E 
| | | | | | | | 
E oss sd R 
4 4 LUN LE NNZN J \ 
Q^. OR Nggu^ CUNT en” SIE Gee NA NG 
H H H 
Fig 1 Key M, CH;, E, OH,COH,, P, CH,CH,COOK 3 
V, CH CH, 
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Rotatory dispersion [M] x 107? 
e 


—80 
—100 
—120 


; —140 


Fig 2  Rotatory dispersion curves, measured in chloroform 

solution, about 5 x 107" M, €. dm tube, values are plotted 

as molecular rotations [M] = [a] x mol wt/100 Error for [M ] 

about + 5,000° 4, stercobilin hydrochloride, B, d-urobihn 
hydrochloride 


CH,—DPM, and a saturated alkyl group, here the 
amplitude!* of the Cotton effect 1s moderate {~ 130 x 
103) In d-urobilm, on the other hand, the centres of 
asymmetry are attached to H, N, CH,—DPM and a 
conjugated, unsaturated system, the amplitude 
here 1$ much greater (~ 300 x 105) 

We are indebted to the followmg bodies for generous 
assistance m this work the Medical Research Council 
for a research grant (© H G and D C N), the 
Wellcome Trust, for the loan of the polarimeter , and 
the Department of Scientific and Industiial Research 
andthe US Army Research and Development Group, 
Frankfurt-am-Main, for grants (W K and P M J) 
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ADAPTATION OF A LEAD-TOLERANT POPULATION OF 
AGROSTIS TENUIS TO LOW SOIL FERTILITY 


By D. JOWETT 
University College of North Wales, Bangor 


ARE has recently been directed! to 
populations within Festuca ovina and Trofoluum 
repens adapted to different levels of soil calerum In 
the same publication the authors reported failure 
to find similar differentiation within Agrostis tenus 
However, further work indicates that such differentia- 
tion does exist within this species 

A population of A tenus growing on lead-ore 
grindmgs at Gogiman (Cards) has already been 
shown to be tolerant oflead*? However, m addition 
to bemg rich m lead the soil is of very low fertility 
Soil analysis by extracting with N/2 acetic acid gives 
the followmg values per 100 gm soil 


Lead 71 mequiv, calaum 015 mequv, 
phosphorus pentoxide 1 2 mgm 


The growth of this population in relation to different 
muneral levels has therefore been investigated m sand 
culture, by a technique previously described! It 
was compared with a non-tolerant population from a 
nearby pasture The results of one such experiment 
are shown in Tables 1 and 2 This was designed 
as a factorial experiment with four levels of calerum 
and three of phosphate, but there was no significant 
interaction between the two nutrients 

It ıs apparent that the pasture population responds 
to ealezum and phosphate within these limits, whereas 
the lead mine population shows no response to cal- 
erum and a lesser response to phosphate However, 
in both cases the major part of the response 1s shown 
between the two lowest levels Therefore two further 
expermments were set up, the results of which are 
shown in Tables 3 and 4 

Desprte the rather erratic results for the lead mme 
population the general trends are the same as before 
The major response to calcium in the lead mine 
population occurs up to 4 p pm, whereas the pasture 
population mereases ın yield up to 10 ppm In the 
case of phosphate, the populations yield similarly at 
2 and 4 ppm but diverge thereafter Calculation 








Table 1 CALCIUM (DRY WEIGHT YIELD, GM) 
Calcium pp m 
Population rame ee CC BEES CE eee | 
5 15 50 t — 900 
Lead mine 53 21 50 51 50 24 47 45 
Pasture 53 42 77 65 70 43 58 94 
SE =775 


Table 2 PHOSPHATE (DRY WEIGHT YIELD, GM ) 





Phosphorus p p m 




















Population | 
5 | 25 125 
Lead mine 52 89 : 74 74 78 78 
Pasture 66 80 | 93 22 100 42 
SE =9 02 















































Table 3 CALCIUM (DRY WEIGHT YIELD, GM) 
Calerum m 
Population piri e aa eee 
2 | s 4 | 6 10 
Lead mine 10 48 | 13 31 22 67 12 41 18 03 
Pasture 13 35 | 15 79 16 01 19 52 27 91 
i I 
SE =3 90 
Table 4 PHOSPHATE (DRY WEIGHT YIELD, GM) 
Phosphorus p p m 
Population 
2 | 4 8 16 32 
Lead mine 10 28 15 54 11 09 18 03 16 13 
Pasture 10 99 16 66 21 87 | 20 99 26 87 
SE =3 70 


of linear regiessions of yield on log nutrient concen- 
tration gives a good fit and high significance (0 01 
per cent) for both nutrients m the case of the pasture 
population, but no significance and very poor fit 
for the lead mine population The differences 
between the two coefficients are not significant 
largely owing to the high error variance of the lead 
mune population This high variance may be 
explained if the population consists of a diverse 
collection of genotypes, the major unifymg feature 
bemg the possession of lead tolerance Greater 
replication is desirable 

The results mdicate that the lead mme population 
1s adapted to low levels of calcium and phosphate 
Walker e£ al 5 found simular adaptation m serpentine 
endemic species, but in ther case high magnesium 
accompanied low calerum-levels The situation on 
lead mines 18 m many ways simular to that on serpen- 
tine, except that magnesrum 1s not present m quantity 
However, here the differentiation 1s within a single 
species and not between species 

Previous failure to find such differentiation within 
A tenuis may have been due to failure to find 
sufficiently severe habitats In more normal habitats 
A tenuis tends to be replaced by A camna at low 
fertihty-levels, but m lead mine habitats this is not 
so Asa result, A tenus 1s here subject to the most 
extreme conditions of low fertility 

A considerable range of adaptation to soil mmeral- 
levels has now been found m. this species It has 
populations tolerant of lead, copper and nickel 
poisoning, and of low levels of calerum and phosphate 
Erther ıt 158 remarkable in this respect, or such variation 
is much commoner than previously reported The 
fact that both species previously exammed in this 
Department showed simular variation suggests the 
latter to be the case 
1 Bradshaw, A D ,and Snaydon, R W , Nature, 183, 129 (1959) 
2 Bradshaw, A D , Nature, 189, 1098 (1952) 
3 Jowett, D , Nature, 182, 816 (1958) 
i Bradshaw, A D , Lodge, R W , Jowett, D , and Chadwick, M J, 

J Ecol, 40, 749 (1958) 
* Walker, R B , Walker, H M ,and Ashworth, P R., Plant Physwl , 

80, 214 (1955) 
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LETTERS TO THE EDITORS 


PHYSICAL SCIENCES 


Deposition of Trace Elements in Basic 
Magma 


PrRHAPS the most detailed mvestigation of the 
fractionation of trace elements durmg the deposition 
of a mmeral is that carried out on the basic magma 
of the Skaergaard mtrusion! We will consider the 
formation from the melt of the solid silicate phase of 
this magma, exammung the inclusion of trace elements 
The time sequence of the solidification 1s famly well 
established! Thus the deposition of the trace elements 
can be followed as a function of the percentage, X, 
of the solid phase formed Thuis 1s done in Figs 1 
and 2, where R gives the ratio of the concentration 
of the element in the liquid after X per cent solidifica- 
tion to the concentration m the initial iqud A 
downward curvature to a hno represents preferential 
removal of the element or a partition coefficient of 
that element favourmg the solid rather than the 
hqud The orders of deposition are 


Nul > Coll > Fell, Nil > Cull, and 
QH VII S Sol > Gall > Fel 


I offer the following explanation of these orders 


+0 4 


+0 2 





A 00 
to 
& 
—0 2 
—0 4 
Percentage solid 
Fig 1 ‘The uptake of divalent cations into the siheate 


log R 





Percentage solid. 
The uptake of trivalent cations into the silicate 
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The process of the uptake of an 10n mto a crystal 
from a melt can be thought of as being characterized 
by (1) an inerease m average co-ordination number 
to a fixed value for all the atoms, and (2) a decrease 
of the interatomie distances The two terms are 
consistent with & greater bond energy, lower heat 
content, on formation of the solid phase Thuis is 
generally observed The change in heat content can 
be further analysed An element which 1s particu- 
larly stabilized in ə given co-ordination sıte, say, in 
an octahedral hole, will be expected to gain greatly 
in stability on passing from a melt of irregular 
co-ordination number to a regular solid which pro- 
vides such an octahedral hole Agam, ions which 
have large energies of polarization will gam m energy 
considerably on transfer from the liquid to the solid 
phase due to the shortening of mteratomic distances 
Polarization energies are very dependent upon these 
distances Now it 1s well established that the polax - 
wation energies of d electrons are important m the 
stabilization of transitién metal ions in certain 
symmetry positions, co-ordmation spheres, rather 
than m others? In an octahedral site these polariza- 
iion energies are m the orders 
Null > Coll > Fell > Mnt Call, Nul > Cull > Zn 
and rM > VID > SellI = Gall! = Fell 


These orders are almost exactly those found for the 
selective uptake of the ions mto the Skaergaard 
intrusion silicates The above ions normally go into 
octahedral holes m such minerals as these silicates 
We conclude that selective uptake 1s based upon 
polarization energies which are highly dependent 
upon hole symmetry and mteratomic distances We 
expect that the same trace elements will be accu- 
mulated preferentially n silicates generally This might 
explam the absence of nickel and chromium in 
biological systems In munerals such as sulphides, 
the polarization will be different m origm and copper 
will be preferentially absorbed In mmerals providing 
holes of quite other symmetry, the order of uptake 
will be different again 

I wish to thank Prof L R Wager, Prof L H 
Ahrens and Dr E A Vincent for their help 


R J P Witiams 
Wadham. College, 
Oxford 
April 21 


1 Wager and Mitchell, Geochim Cosmochim Acta, 1, 129 (1951) 
2 Orgel, J Chem Soc , 4756 (1952) 


Origin of the Worzel Deep-Sea Ash 


Iw a recent paper!, Worzel announced the discovery 
of an extensive ash deposit at the bottom of the 
Pacific Ocean Ewing, Heezen and Ericson? have 
suggested in a companion paper that the deposit 
may well be of world-wide extent If this should 
prove to be the case, the origm of the Worzel ash 
layer becomes a matter of extraordmary interest 
The mass of a world-wide layer would be of the 
order of 1 x 10?" gm., which exceeds by a factor of 
~ 300 the yield of tho largest voleanic eruption 
recorded durmg historic times (Tambora, 1815) 
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Moreover, the areal distribution of voleanic ash 1s 
usually quite hmited? Worzel and Ewing etal have 
therefore proposed the followmg events as possible 
sources of the ash a single very large volcanic 
explosion, the simultaneous explosion of many 
volcanoes, a cometary collision, or some other 
catastrophic event involving bodies of cosmic orig 

From the data of Opik? one finds that a particle- 
size distribution peaking 1n the fractional mm range, 
as observed for Worzel’s ash, could indeed be obtained 
by ablation of mm - to cm -sized paiticles However, 
a cometary or asteroidal origin of the ash 1s unlikely 
for a number of reasons If the break-up were to 
occur at a distance from the Earth that was large 
compared with the distance to the Moon, only a very 
minute fraction of the debris would be swept up by 
the Earth, so that the mass of the disrupted body 
would have to be many orders of magnitude greater 
than 102 gm, that 1s, far m excess of the masses of 
comets or asteroids Moreover, the residence time 
of mterplanetary debris ıs of the order of 10°%-10° 
years, as indicated by the cosmic-ray ages of meteor- 
ites’, and Opik’s calculations®, whereas the deposi- 
tion of the Worzel ash took place within no more 
than a few years Further, ıt 1s unlikely that a mass 
of the order of 10% gm can be accounted for even by 
means of a direct hit by a comet o1 asteroid Although 
giavitational tests have only yielded an upper hmıt 
of ~ 1074 gm on the masses of comets, several other 
independent arguments indicate that the mass of 
a reasonably large comet (Halley's comet) 1s about 
3 x 109gm The masses of the more typical comets 
are probably significantly lower than this Asteroids 
of the required mass do exist but aie unlikely to be 
found so far outside the asteroidal belt Finally, 
although its chemical composition has not yet been 
determmed, the ash ıs quite unlike meteoritic?, 
cometary, or asteroidal matter, as mdicated by its 
low density and refractive index (2 38 and 1 500, 
respectively), its low mekel content (<0 01 per 
cent, spectrochemical analysis by Dr A Du 
Fresne), and its glassy character These properties 
are much more reminiscent of terrestrial crustal 
material (for example, voleanie ash), which is high 
1n silicon, calcium, aluminium, sodium and potassium, 
and low m magnesium, iron and nickel relative to 
undifferentiated meteoritic matter The resemblance 
to voleanie ash has been pomted out by Ewmg 
et al? 

Two other cosmic sources might be considered 
galactic dust clouds and the Moon A smmple calcula- 
tion shows that passage through a galactic dust cloud 
of some two solar masses would enable the Earth to 
pick up a 10-cm layer of non-volatile matter How- 
ever, if the pick-up 1s to be complete withm a short 
tıme, say 10 years, the cloud must have had the 
unreasonably high density of 10— gm /em? The 
only known, non-stellar objects m space that may 
have densities of the right order of magnitude are the 
so-called ‘globules’ (believed by some to be proto- 
stars m an early stage of gravitational contraction) 
The probabihty of encountermg such an object 1s 
exceedingly small, moreover, any reasonable distri- 
bution of particle sizes within the globule would 
contain enough grains m the range of maximum light 
absorption (that 15, ~ 0 5u) to black out completely 
the Sun, with calamitous effects on terrestrial life 
Finally, the near-passage of a massive cloud would 
perturb the planets, destroying the regularity of their 
orbits, and would almost certamly sweep the comets 
from the solar system 
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A catastrophic event withm the Earth-Moon 
system, for example the collision of a giant meteorite 
with the Moon, cannot be ruled out on grounds of 
chemical composition The composition of the 
Moon’s crust 1s not known , but in the light of recent 
work on muneral differentiation m small bodies’, 
there is no a priors reason why ıt should not be 
differentiated to a degree close to that of the Earth’s 
crust or Worzel’s ash However, 1t can be shown that 
a meteoritic impact of the kind that gave rise to the 
lunar craters cannot eject enough material to account 
for the collection of 10% gm by the Earth The 
mass deficit of the very largest craters may barely 
approach this value, but even under the most favour- 
able conditions scarcely more than a few per cent 
of the ejected matter will reach the Earth withm the 
required few years 

It appears that an extra-terrestrial origm of 
Worzel’s ash is highly improbable Yet its world- 
wide distribution, 1f demonstrated to be true, will be 
difficult to explam even in terms of a terrestrial 
ongm Data on the dispersal of H-bomb debris and 
voleanic ash indicate that the distribution of particles 
in the 70-200 range is limited to distances of the 
order of 103 km or less It will be of interest to 
establish 1ts origin im a single event by chemical 
analysis of samples from widely scattered locations 

A volcanic eruption of this magnitude should have 
at least two other observable effects It would carry 
enough y-sized dust particles mto the stratosphere 
to ieduce the amount of sunlight reaching the 
Earth, possibly enough to mitate a period of glacia- 
tion This possibility has been mdependently 
suggested by Dr Bruce C Heezen (private com- 
munication) A paleotemperature measurement of 
material immediately above and below the Worzel 
layer may provide a clue in this respect Further- 
more, the mass deficrt at the eruption site would 
produce a negative gravity anomaly that may not 
yet have been completely obliterated by isostatic 
equilibrium 

This work was supported m part by the US 
Atomie Energy Commussion 

EDWARD ANDERS 
Enrico Fermi Institute for Nuclear Studies and 
Department of Chemistry, 
University of Chicago, 
Chicago, Illinois 
D Netson LiwBER 
Yerkes Observatory, 
University of Chicago, 
Wilhams Bay, Wisconsm May 27 
1 Worzel, J L,Proc US Nat Acad Ser, 45, 349 (1959) 
2 Ewing, M , Heezen, B C ,and Ericson, D B,Proc US Nat Acad 
Sci , 45, 355 (1959) 
3Ópik, E, “Physics of Meteor Flight in the Atmosphere" (Inter- 
science, 1958) 
*Reed, G W , and Turkevich, A , Nature, 180, 594 (1957) 
ë Fireman, E L, and Schwarzer, D , Geochim et Cosmochim Acta, 
11, 252 (1957) 
*Opik, E , Proc Roy Irish Acad , A, 54, 165 (1951) 
? Fish, R A, Goles, G G,and Anders, E (unpublished work) 


Wear Observations through Interfacial 
Micro-Windows 


Direct observations of wearmg processes are 
generally obscured completely by the slider or 
bearmg material As a result, a good deal of specula- 
tion has accumulated concernmg the unknown 
mechanisms of wear With reference to graphite, 
no satisfactory understanding had been gamed. 
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Diamond micro-wirdow in mounting, with fine needle 


Fig 1 


and metric strip (x 6) 


In a recent micrographic study of wear! upon 
graphite ıt was shown that the wearmg process could 
be studied more directly by arranging a sliding con- 
tact under a microscope and following the detailed 
processes The observations were further sumplified 
by using smgle oriented crystals for the surfaces 
undergoing the wear With selected adjustments of 
the illumination a good deal of new information was 
revealed 

An obstacle m this muerographie technique was 
that the slider or miero-probe was opaque and hid 
the contact site from view Only surrounding effects 
were visible In continuation ıt was found that the 
slider may be a thm transparent body which then 
serves aS a micro-window Then the real mterface 
of the contact may be focused upon directly at high 
magnification 

Small glass lenses as sliders were first tred A 
plano-convex lens was mounted at the end of a 
needle ın a mucro-manipulator and was pressed 
against graphite or molybdenite crystals having flat 
areas The well-known Newton’s interference fringes 
which were produced over the small air gaps indicated 
at once the topography of the surfaces, m respect to 
elevations and actual zone of contact 

Upon sliding the glass over a crystal surface, the 
details of the wearing process were directly observed, 
including the variations of contact position, the 
influence of single asperities and of particles on the 
friction and wear, the geometrical nature of the 
wear removal process, and the surface adhesion 

As a further step, a diamond micro-window has 
been machined for this study This provides a hard 
transparent carbon tool of known geometry to slide 
against a plane graphitic carbon surface This 
diamond hes completely within the field of view at 
magnification of 320, and hence all contact areas may 
be seen at once It 1s smaller than a fine needle’s eye 
(Fig 1) with a maximum diameter of 0 04 mm and 
thickness of 0 66 mm It 1s optically flat on the upper 
surface, facing the microscope objective, and slightly 
convex on the sliding surface, but optically smooth 
As a slhdmg wmdow, ıt shows a detailed picture of 
surface interactions upon its face durmg shding, as 
well as the topography from the Fizeau frmge 
patterns 

The technique described makes 1t possible to view 
surfaces as they are brought into contact at mag- 
nifications large enough to yield significant results, 
to observe the subsequent damage to the shdmg 
surfaces as 16 occurs, and to measure the contributions 
of individual asperities to the friction 
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I wish to thank E H Hull and O Brusdal, of this 
Laboratory, who made suggestions concerning the 
geometry of the diamond and also machmed and 
mounted 1t 

Rosert H SAVAGE 
General Electric Research Laboratory, 
Schenectady, New York 
May 18 
1 Savage, R H , Nature, 183, 315, 454 (1959) 


Rapid Estimation of the Specific Surface of a 
Powder 


THE rapid estimation of the specific surface of a 
powder falling 1n the sub-sieve size-range 1s a matter 
of considerable mdustrial importance, but the 
techniques available for this purpose are limited m 
number 

One of these rapid techniques ıs that which may 
best be described as the ‘single observation photo- 
extinction method’ Owmg, however, to the omission 
of an important variable, this test gives results which 
are subject to very considerable error, and it 1s the 
object of this communication to direct attention to 
an empirical correction which, while retammg all the 
advantages of the simple test, leads to results which 
have adequate accuracy for many mdustrial purposes 

In the ‘single observation’ test a known weight of 
the powder under analysis, suspended ın a known 
volume of a suitable fluid, m an optical cell, 1s mam- 
tamed ın turbulent motion by means of a stirrer A 
beam of light 1s projected across the cell and by means 
of a photo-cell, or similar device, the intensities of 
the incident and emergent beams are measured 

The ‘specific surface’ of the material 1s then 
calculated by use of the equation 


4 I 

Sn = Gi loge I (1) 
where Sm 1$ the measured ‘specific surface’ 1n. em 2/ 
gm , C 1s the concentration of the suspension m gm / 
em 3, Lis the length, in em , of the light path though 
the suspension and I, and I are the intensities of, 
respectively, the incident and emergent beams 

This expression ıs, however, not strictly accurate 
since 16 1s based upon the assumption that, for a 
small particle, the light energy absorbed and scat- 
tered outside the small solid angle subtended by 
the photo-sensitive surface at the centre of the 
particle 18 directly proportioned to the cross-sectional 
area of the particle, whereas in fact this 1s not so 

It has been suggested by one of us! that 
for an mdustrial powder having a wide range of 
particle size an empmical correction for this vailation 
of the extinction coefficient with particle size can 
be made by the use of the expressions 


200 < Sm < 20,000 Sy = 334?" 
Sm = 20,000 S» = 8,000 (2) 
20,000 < Sm < 70,000 Sp = 66 S45 


where Sm 1s calculated from equation (1) and Sp 1s 
a better approximation to the true value 

In the derivation of these expressions ıt has been 
assumed that the density of the powder under test 
1$ approximately 3 5 gm [em ? and, furthermore, in 
the original publication the suggestion was supported 
by a very small amount of expermmental evidence 

Recent reconsideration of the problem shows, how- 
ever, that improved accuracy over a wider range of 
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particle density can be obtamed by the use of the 
modified equations 





600 60,000 
e «Sm < Sp = 4 59-9 Sin? 7 
3) 
d ( 
60,000 Sm < T S, = 120-9 5S m9 4 


During a recent research the specific surfaces of a 
number of samples of quartz and glass mill products 
have been determuned from the size distiibution 
curves (determmed by photo-extinction methods) 
and by the single-observation test These results, 
together with those relating to a number of other 
materials, for which the specific surfaces have been 
determined by a variety of methods, are shown in 
Fig 1 

In this figure are also shown these results after 
‘correction’ by use of equations (3), and it 1s seen 
that these results, although suffering scatter, are in 
reasonable accord with the results deduced by other 
methods 

Thus, ıt 1s considered that this method together 
with the above equations provides a 1apid means 
fo. the estimation of the ‘specific surface’ or ‘mean’ 
particle-size of a powder, with an accuracy sufficient 
for many industrial purposes 

Attention should, however, be duected to the 
following restrictions (1) The method is empirical 
and so should be applied with care (2) The correction 
equations are strictly applicable only to results 
obtained upon apparatus having approximately the 
same geometry as has the apparatus used for the 
original tests This geometry has been described 
elsewhere! (3) The correction equations are deduced 
for materials having a fairly wide 1ange of size, for 
example fine mill products, and are not applicable 
to materials which have been artrficially separated 
into very narrow size ranges (4) For values of Sm 
in the neighbourhood of 60,000/p, there will, due 
to the complex behaviour of the extinction coefficient— 
particle size m this region, be considerable scatter, 
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but even so the ‘corrected’ values, Sp, will be more 
nearly correct than will be the values of Sim 
H E Ross 
R M E SULLIVAN 
King's College, 
London, W C 2 


1 Rose, H E,J App Chem, 2, 217 (1952), “The Measurement of 
Particle Sıze ın Fine Powders” (Constable and Co , Ltd , London) 


Effect of Temperature on the Rate of Setting 
of Gypsum Plaster 


EXPERIMENTS carried out in this laboratory with 
some commercial gypsum plasters show that, between 
0° and 50? C , temperature may exert a comparatively 
small effect upon the rate of hydration of the calerum 
sulphate hemihydrate In most cases, the induction 
period (defined as the time for the rate of increase of 
temperature to exceed 0 1? C per mm ) of mixtures 
of plaster and water contained in a Dewar flask is 
constant from 0° to 40° C, and the maximum 1ate 
of inerease of temperature reaches a feeble maximum 
at about 25? C 1, although there are minor but distinct 
deviations from this pattern (see, for example, Fig 3) 
Similar results have been found by Householder? 

The effect of temperature on the rate of setting of 
a number of dental plasters has been subjected to a 
careful study by Worner?, who found that the rate 
was 10ughly constant between 20° and 60° C but, 
unlike my results. dropped sharply below 20? C ora 
few degrees lower Has plasters also showed mimo: 
variations m behaviour The parameters (induction 
period and maximum rate of merease of temperature) 
that I have used are measures of the rate of hydration 
of the hemihydiate, whereas Worner used the Gill- 
more test, which gives a measure of the stiffness of 
the mrxture of plaster and water Recent woik*® 
strongly supports the view that the dominant process 
m the thickening of mixtures of plaster and water 1s 
the formation of an interlocking network of crystals 
of ealerum sulphate dihydrate, although some previous 
authors have supported a colloidal mechanism%’ 
It 1s then of mterest to know whether or not the 
Gilmore test yields results which run parallel with 
the kinetic parameters of the reaction, and whether 
the sharp mcrease m setting time observed by Worner 
as the temperature falls below 15? C was a character- 
istic of his materials only I have consequently carried 
out Gillmore tests? on plasters, for which the induction 
periods and maximum rates were also determmed 

Figs 1-3 show the times for completion of the Gull- 
more imitial and final sets, mduction periods and 
maximum rates plotted against temperature for 
three plasters with different characteristics In 
makmg the Gillmore tests the samples were covered 
with paraffin oi to prevent suface drymg (cf 
Worner With plasters 4 and B the maximum 
rate rises to a feeble maximum at about 25° C and 
the induction periods are roughly constant between 
0° and 40° C Three othe: plasters studied m detail 
show the same behaviour Plaster C 1s unusual in 
that the induction period decreases below 10° C 
and the maximum rate 1s constant from 5° C to 30°C 
The mutial set is complete about 15 mm after the 
end of the mduction period, and when variations in 
the maximum rate are taken mto account ib 18 seen 
that the Gillmore initial set does move parallel with 
the kinetic parameters of the hydration of the hemi- 
hydrate This confirms the view that the dominant 
process in setting is the formation of crystals of 
calcrum sulphate dibydrate, as work reported else- 
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where suggests that the end of the induction period 
marks the formation of a certam surface area of 
crystals of dihydrate? 

Plaster A shows an mcrease m the time for the 
completion. of initial set below 30? C but not the sharp 
effect shown by Worner’s plasters I have used 
retarder-free building plasters which had been stored 
m air-tight contamers until they gave steady results 
and were generally very much slower in setting than 
Worner’s plasters Work reported m part elsewhere? 
suggests that the rate of hydration of calerum sulphate 
hemihydrate in plaster pastes 1s determmed by the 
density of nuclei for the crystallization of the dihy- 
drate, the effective surface area of the dihydrate 
present at the begmnmg of the reaction, and the rate 
of supply of ealerum and sulphate 10ns to the surface 
of the growing phase Reduction of temperature will 
tend to reduce the rates of dissolution of the hemi- 
hydrate and diffusion of calcrum and sulphate ions, 
and I have already shown that in a number of plasters 
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two measurements), induction period and maximum rate plotted 
against initial temperature for 100 gm plaster C and 60 ml water 


the density of effective nuclei increases as the tempera- 
ture ıs lowered! Another factor ıs the mcrease m 
solubility of the hemihydrate as the temperature ıs 
lowered Whether the rate~of hydiation rises or 
falls as the temperature is lowered depends upon 
which of these effects predommates The high rates 
for the plasters used by Worner suggest that they 
were heavily seeded with nucle: If these were mostly 
greater m size than the critical nucleus 1t 1s possible 
that the density of effective nuclei did not increase 
relatively as greatly as m the cases I have studied, 
so that the tıme for completion of the mutial set 
would increase more markedly as the temperature 
was lowered It is noteworthy that the effect is 
1elatively more marked in the most reactive plasters 
quoted by Worner However, the magnitude of the 
effects observed by Worner at low temperature 
appears too large to be compatible with the assump- 
tions upon which my theory 1s based® 

This investigation forms part of the programme of 
work carried out within the Division of Building 
Research and sponsored by the Associated Fibrous 
Plaster Manufacturers of Austraha 

I wish to thank Mr A R Docking, director 
of the Commonwealth Bureau of Dental Standards, 
for the loan of the Gillmore apparatus, and Mi K I 
Lardner of this Division for assistance with the 
experimental work 

M J Rives 
Division of Building Research, 
Commonwealth Scientific and Industrial Research 
` Organization, » 
Graham Road, Highett, 
Victoria, Austraha April 13 
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Forces between Titanium Dioxide Pigment 
Particles 


ELECTRON microscope techniques have been used 
for obtamung information on the nature of the 
aggregation process occurrmg between particles of 
titanium dioxide pigment in the dry state 

A cloud of axr-dispersed 1utile titanium dioxide 
pigment was formed by passmg air fiom a high- 
pressure jet through a flask contamung the dry 
pigment The degree of dispersion in this cloud was 
assessed by collecting a specimen on a ‘Formvar’- 
coated electron microscope specimen grid (Fig 1) 
To examine the aggregation properties of the pigment, 
an electron mucroscope grid, without a specimen 
supporting film, was held m the pigment cloud 
for periods of 1 mm After each period, electron 
micrographs were taken of a selected area of the grid 
Fig 2 shows ‘chams’ of pigment particles adhei ing 
to the copper grid, with further exposures to the 
pigment cloud, a network of pigment particles was 
gradually built up (Figs 3and 4) Stereo-micrographs 
have mdicated the three-dimensional nature of this 
structure 

An enlarged portion of a typical pigment network 
(Fig 5) illustrates the high proportion of contacts 
in the direction of the c axis of the crystal, at the 
pyramidal faces 

From the maximum lengths of chams supported at 
only one contact, the force of adhesion between two 
particles was calculated as >> 6 x 107" dynes 

Possible forces causing the aggregation are 

(a) Van der Waals—London forces For two sphert- 
cal particles of equal radius, the attractive force is 
defined by the relation 


V— —AJ[6 (2/(8*—4) --2/8* --log;, [(S?—4)/S*]} 


where V is the energy of interaction between the two 
spheres, A 18 a constant ~ 107? ergs © = Rja R 
1s the separatıon between the centres of the spheres , 
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Fig 3 








Fig 5 


a 1s the radius of the two spheres! For two pigment 
particles with equivalent spherical radu of 0 2u and 
a separation of 0 005u between surfaces (the approx- 
imate Innit of iesolution of the available electron 
mueroscope) the attractive force is ~ 7 x 1075 
dynes 

(b) Induced electrostatw forces A particle which 
has previously been chaiged by frictional processes 
in the original dispeision can induce an electrical 
polarization ın an unchaiged particle passing within 
its field This polarized particle would then be 
attracted to the original particle and be available for 
the polarization of other particles m the pigment 
cloud The force between two unit electronic charges 
at a separation of 0 005p. 1s of the order of 1 x 1075 
dynes, a value consistent with the attractive force 
calculated from the electron micrograph 

Work on the semi-conducting nature of titanium 
dioxide supports this hypothesis It has been observed 
that high temperatures enhance the aggregation in 
dry pigments High temperatures also lead to an 
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meieased electionie mobihty m titanium dioxide? 
A similar phenomenon has been observed with dry 
quartz sand? The electronic conductivity of rutile 
titanium dioxide below 300° C is at a maximum 
along the c axis of the erystal?, this 1s consistent 
with the orientation of the particles m Fig 5 On 
the evidence available at present, we prefer this 
mechanism to that described in section (4) 
Acknowledgments aie made to the Directors of 

Laporte Titanium, Lamuted, for permission to publish 
this communication 

James E Larry 

W C CLARK 


Laporte Tıtanıum Research Department, 
Kingsway, Luton, Beds June 2 
1 Verwey and Overbeek, “Taeory of Stability of Lyophobic Colloids” 
(Amsterdam, 1948 
:0ronemever, Phys Rev, 87, 876 (1952) 
? Runde, M Sc thesis, University of California (1926) Loeb, “Static 
Electrification”, 200 (1958) 


Temperature Variation of the Principal 
Magnetic Moments of Co** lons and the 
Asymmetry of the Crystalline Electric Field 

in Cobalt Acetate Tetrahydrate 


Tux ground-state of the free divalent cobalt 10n 1s 
3d', 4F,,,, and the potential due to the crystalline 
electric field m the neighbourhood of the six co- 
ordmated cobalt 10n conforms to 

V = D (vt + yt + 24) + Av? + By? — (4 + B) 2? 
the fourth-order terms in the expression represent 
the cubic, and the quadratic terms the rhombic, part 
of the field The observed magnetic pioperties can 
then be explained on the assumption that the field 
1s predominantly cubic in symmetry with a feeble 
rhombie component superposed If the field 1s due 
to an octahedral distribution of water molecules 
around the Co+ 10n, the seven-fold orbital degeneracy 
1s split into two triplets and a singlet, and the sign 
of the cubic field coefficient 1s such as to make one 
of the triplets the ground-state, the separation of 
which from the other triplet 1s of the order of 10* em ~ 
With such a disposition of the orbital Stark pattern, 
the components of the lower triplet bemg further 
separated to the extent comparable to kf by the 
rhombie part of the field, and the spin-degeneracy 
slightly raised through the spin-o1bi$ coupling, the 
calculations of the principal magnetic moments 
naturally become very complicated Schlapp and 
Penney! have, however, made detailed theoretical 
calculations of the prmepal magnetic moments of 
cobalt salts Assuming the cubic field to be always 
of the same intensity, and one of the rhombic field 
constants zero, they assign different values to the 
other, namely, A = 0, 40, 200, ete With a small 
rhombic field the effective magnetic moments natur- 
ally become different, but they decrease in more or 
less the same way as with a purely cubic field when 
the temperature 1s lowered The principal moments 
separate out further when A is 200, and with the 
fall of temperature the moment having the largest 
value mereases, reaches a maximum and then falls, 
while the other moments decrease From the experi- 
mental magnetic data on cobalt salts? 1b seems that 
the rhombie field ın them ıs not so strong as to pro- 
duce a rise m the maximum magnetic moment 
referred to above 

In the Tutton salts the field 1s determined almost 
wholly by the octahedron of water molecules imme- 
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diately surrounding the 10n, and hence the deviation 

from the cubic symmetry will be small If, on the 

other hand, the members of co-ordination of the 
cobalt 1on be not all alike, then there will be a posst- 
bility of the rhombie field becommg stronger It 

seems that cobalt acetate tetrahydrate is a case m 

point as revealed from its fine structure studies by 

X-rays! The space group 1s P2,/c, and the unit cell 

contains two molecules Each cobalt 10n 1s suriounded 

octahedrally by four water molecules and two oxygens 
of acetate groups The cobalt—water (2 ll and 2 06A ) 
and the cobalt-oxygen (212A) distances suggest 
that as m nickel salts the moment in the plane 
contaming the Co 10n and the oxygens of water 
molecules and of acetate groups 1s greater than m the 

direction normal to 16 

The room temperature measurements* show that 
the magnetic anisotropy of cobalt acetate is highest 
of all the cobalt salts studied so far, and it clearly 
indicates a strong non-cubie field We have, there- 
fore, measured the temperature variation of the 
prmeipal magnetic susceptibilities of the crystal 
down to hquid air temperature The results are shown 
graphically m Fig 1 The trend of the magnetic 
moment versus temperature curves supports the 
existence of a strong rhombic field around the Co 
ion in Co(CH,COO), 4H.,0 

The work will be reported upon more fully elsewhere 

BHAGAWATI CHARAN GUHA 
Department of Physics, 
University of Caleutta 
April 20 

1 Schlapp, R , and Penney, W G , Phys Rev , 42, 666 (1932) 

2 Jackson, L C , Phil Trans Roy Soc , 224, 1 (1924) Bartlett, B W, 
Phys Rev , 41, 818 (1932) Bose, A , Ind J Phys , 22, 276 (1948) 
Guha, B C, Proc Roy Soc A, 206, 353 (1951) 

1 Niekerk, g. N van, and Schoening, F R L, Acta Cryst , 8, 609 

* Mookhern, A , Ind J Phys , 20, 9 (1946) 


Visible Absorption Spectra of Copper- 
ethylene-diamine-bis(acetylacetone) in the 
Crystalline State 


For square planar copper complexes the crystal 
field theory predicts a splittmg of the five-fold 
degenerate d-orbital energy-levels mto four energetic- 
ally different levels, day, dz, dax 4: and dz;(dyz), m 
the order of dimmushimg energy! The visible absorp- 
tion m these systems 1s associated with the transitions 
from dz, (dzy) to day (wi) from dg. to dry (we), 
and from da to dgy (ws), where w, ıs the shortest 
wave-length and w, the longest wave-length band 
with w, ım between The absorption spectra of square 
planar copper complexes in solution unvariably 
consist of one broad absorption band im the visible 
region, whieh, however, could be resolved into three 
component bands by Gaussian analysis? With the 
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object of findmg if these split levels could be detected 
m the absorption spectia of the single crystal of a 
square planar copper complex, the present inves- 
tigation was undertaken on the absorption spectra of 
an elongated platelet of copper-ethylene-diamime- 
bes(acetylacetone) 

The optical part of the experimental equipment 
consisted of a single filament tungsten lamp, Hilger 
glass prism monochromator and & Leitz polarizmg 
microscope The electrical part consisted of a 
1P21 photomultipher tube, a high-voltage stabilized 
power-supply unt and a stabilized dc -voltage 
amplifier The ciystal was placed on the stage over 
& glass slide, and was brought to focus visually The 
eye was then replaced by the phototube assembly 
The objective — eye-piece combination used was such 
that the crystal completely covered the field im any 
orientation The orientation of the plane of polariz- 
ation of the incident beam with respect to the long 
axis of the crystal could be varied ether by rotating 
the polarizer or by rotatmg the stage with the crystal 


0 90 ~~ 
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500 550 600 
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In Fig 1 the full-lne curve represents the ab- 
soiption spectrum of the crystal with the incident 
hght polarized along the long axis of the crystal The 
curve shows three peaks at 505 my, 545 my and 
615 my respectively The dotted curve represents 
the absorption spectrum of the same chelate m 
alcoholic solution It ıs evident that the spectrum 
in solution consists of one broad band with no fine 
structure By Gaussian analysis the solution band 
may be iesolved into three bands with peaks at 
510 my, 545 mp and 600 mp, which correspond 
famly well with the three peaks observed m the 
spectrum of the crystal 

With the meident hght unpolarized or polarized at 
night angles to the long axis of the crystal, the absorp- 
tion spectra were almost identical with those given in 
Fig 1, apart from a slight loss ın the fine structure 

Thanks are due to M/S Emission Radio and 
Varieties, Calcutta, for then kind help m constructing 
the electrical part of the measurmg instrument 

ANIMESH CHAKRAVORTY 
SADHAN BASU 
Department of Chemistry, 
University College of Science, 
Caleutta-9 March 20 


1 Belford, Martell and Calvin, J Inorg Nucl Chem , 2, 11 (1956) 
* Jorgensen, Acta Chem Scand , 8, 1495 (1954) 
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Possible Asymmetry in the Daily Range of 
the Geomagnetic Vertical Intensity around 
the Magnetic Equator 


IN a recent paper, I have suggested that if the 
indication of an asymmetry in the daily range of 
the geomagnetic vertical mtensity (Z) on opposite 
sides of the magnetic equator (higher ranges to the 
south) ıs confirmed, 1t might be explamed by the 
opposition m phase of the equatorial electrojet effect 
on Z and the normal Z-variation on one side and the 
agreement of their phases on the other! 

Magnetograms have now been obtamed from 
Zaria, a new magnetic observatory m Nigeria on the 
northern side of the magnetic equator and about the 
same distance from that equator as Ibadan ıs south 
of it Zaria ıs thus near the latitude on the northern 
side at which the effect of the electro]et on Z-variation 
should be greatest, as Ibadan 1s supposed to be near 
the latitude of maximum to the south An examma- 
tion of Z-variation at Zaria shows that the daily 
ranges of Z are as high as at 
Ibadan and the two Indian 
stations to the south of the mag- 
netic equator occupied by Pram- 
amk and Yegnanarayanan? 
Therefore, Zaria does not con- 
firm the asymmetry It may still 
be necessary to record variations 
of the vertical force at a number 
of other stations on both sides of 
the equator before a definite 
statement can be made on the 
existence or otherwise of an 
asymmetry 

Even if the asymmetry 1s con- 
firmed, 1$ 1s not hkely to be ex- 
plamed by the phase relationship 
as simply as put m my paper! In 
the first place the consideration 
leading to the statement m- 
volved an error m reversing the 
direction of the Z-effect of the 
jet current durmg day-time 
Secondly, the true position. 1s not so simple because the 
phase relation at places close to the geographical 
equator would change as the S,-current system moves 
northwards or southwards according to season The 
situation is further complicated by possible move- 
ments of the electrojet itself according to season It 
is eonsidered that further mvestigation should wait 
until ib 18 known whether and how the electrojet 
moves according to season 

C A ONWUMECHILLI 
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Physics Department, 
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!Onwumechih, C A,J <Atmosph Terr Phys , 18, 235 (1959) 
? Pramanik and Yegnanarayanan, Ind J Met Geophys , 4, 353 (1952) 


ASTRONOMY 


Prediction of Sunspot Numbers until the End 
of the Present Cycle 


SxucE November 1956 the use of a most elementary 
long-term prediction method! for sunspot numbers 
has been pursued with surprising success C N 
Anderson? dnected attention to the possible existence 
ofa 169 years period in solar activity The comeidence 
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Table 1 
1957 1958 
1959 1900 1901 1962 1963 1964 1965 1966 1967 
p o p 0 
January 172 170 196 198 164 137 93 81 62 46 29 15 0 
February 175 172 189 199 163 136 91 80 61 49 28 14 0 
March 182 177 187 203 168 129 89 79 59 50 23 11 0 
April 185 183 180 198 165 122 87 78 58 47 19 11 0 
Mav 184 187 179 191 167 117 86 77 57 46 19 9 0 
June 188 189 178 189 163 111 86 76 55 43 16 6 0 
July 191 191 176 187 160 108 87 75 51 40 19 5 0 
August 189 190 177 182 157 106 85 78 52 41 19 2 0 
September 191 194 178 183 153 108 83 71 50 36 16 1 0 
October 190 194 174 181 147 100 81 70 49 33 17 1 0 
November 197 197 169 — 143 97 80 68 48 31 16 0 0 
December 197 197 167 — 140 95 82 64 46 28 15 0 0 
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of values between the two periods 1749-85 and 
1918-54 18 most striking 

This fact has been used m our service for 10n0- 
spheric predictions almost from the beginnmg of the 
present cycle, but with the increase m activity 
marked differences appeared It was realized, however, 
that a good fit could be obtamed by multiplymg 
figures observed 169 years before by a factor of 
proportion  Usmg running means over 13 months 
and taking July 1784 as a starting date, Imked to 
April 1954, the following equation was obtamed m 
November 1956 


& = 14889 —125 (1) 


where j 1s the value for a particular month of the old 
cycle and $ the corresponding value foi the present 
cycle 

In Table 1 predicted sunspot numbers (p), cal- 
culated in November 1956 with the above formula, 
are given for 1957 and 1958 and compared with the 
available Zurich observational values (0) 

The mean square root of deviation between ob- 
served and predicted values is 1 6 sunspot, which 1s 
very small indeed 

Using the data of April 1954-October 1958, & new 
equation has been derived for a still better fit 

$ = 1 527 ğ — 13 4 (2) 
Although the change between equation (1) and (2) 1s 
very small, this last has been used for the prediction 
of sunspots as listed 1n Table 1 from 1959 until the 
end of the cycle in January 1968 From November 
1966 the formula gives negative values, these have 
been replaced by zeros 

Owmg to the very empmical way m which these 
figures have been derived it ıs essential to keep a 
close check with observations as they appear 

However good the relationship between the old 
and the new cycle has been for the past five years, ıt 
does not mean, unfortunately, that 1t will remain so 
with certamty m the future 

Without theoretical support, nothing better can be 
expected for such long-term prediction. 

P HERRINCK 
Section de Géophysique, Service Météorologique, 
Léopoldville, Congo Belge June 3 


1Herrinck, P, Bull Acad Roy Scw Col, Nouvelle série, 4 (6) 
1274 (1958) 
2 Anderson, © N ,J Geophys Res , 59, No 4 (1954) 


Anomalous Continuum Radiation from 
Jupiter 


FornnowixGa the report of Dr Frank D Drake!, of 
the National Radio Astronomy Observatory, that 
Jupiter emits anomalously large amounts of con- 
tmuum radiation m the viemity of 21-cm wave- 


length, observations of Jupiter were undertaken with 
the Harvard 60-ft radio telescope With the mstru- 
ment used as a direct radiometer with a bandwidth 
of 2 Me [sec m the vicmity of 1,420 Mo /sec , a signal 
of amplitude several times the noise fluctuation was 
found in the expected position of Jupiter on most 
traces. ‘The averages of at least five right-ascension 
drift curves were used to obtam the antenna tem- 
peratures given in Table 1 The probable error 1s 
less than 0 15° K 














Table 1 
e. 

Time (UT ) Date No of curves Ta 

averaged CK) 

I 

0203-0403 May 16, 1959 5 051 
0408-0608 i») vl10 s 5 0 73 
0613-0817 3». Os s 5 0 46 
0451-0711 no Vds us 5 0 86 
0209-0543 » 20 ,, 5 057 
0548-0747 52:20 235 5 0 42 
0139-0604 » $i ow 8 0 75 
0130-0420 Spt 22. 3» 7 0 47 
0140-0713 33729, 3 8 034 
0319-0616 a ee 5 0 46 
0302-0727 3y 528-55 9 031 
0157-0423 5029 5 6 0 61 
0428-0707 iv 29° 45 5 <0 16 
0105-0439 » 90 4, 7 019 
0444-0733 » 90 ,, 7 0 30 
0313-0502 2s ol S 5 0 28 
0133-0448 June 1, 1959 5 0 83 
0452-0721 M ly, 6 0 39 
0048-0430 is $9 as 6 0 64 
0434-0718 5 9. "s 7 0 37 








The results show that the amount of the emission 
varies with time, by as much as a factor of 2 ma 
period of a few hours Attempts are now bemg made 
to compare these variations with solar effects and with 
the low-frequency busts that are known to come 
from Jupiter?, as well as with periodicities due to 
Jupiter’s iotation 

An antenna temperature of 1° K would correspond 
in our ease to a brightness temperature of 6,200° K 
over the surface of Jupiter This high value, together 
with the time variations, seems to rule out a thermal 
origin for this radiation The calibration of our 
system has depended on mghtly observations of 
Virgo A, the intensity of which at 1,420 Mo /sec 1s 
assumed to be the same as that measured 1ecently by 
Westerhout? at 1,390 Mc /sec 


EUGENE E EPSTEIN 


Harvard College Observatory, 
Cambrıdge, 
Massachusetts 
June 4 
1 New York Times (May 10 1959) 
2 Carr, T D, Astro J, 64, 39 (1959) 
3 Westerhout, G , Bull Astro Inst Neth ,14, 215 (1958) 
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The Coloured Product of the Sakaguchi 
Reaction 


We have already reported? that the colomed pro- 
duct of the Sakaguchi reaction? (between arginme and 
2-naphthol) behaves as a typical acid-base indicator, 
bemg ied m alkali and yellow? m acid It has now 
been found that the compound behaves as an oxida- 
tion-reduction mdicator also 

Long stiips of Whatman No 1 filter paper (3in x 
22 m) were soaked in a 0 4 per cent solution of 
argmine hydrochloride, and dried Colour was then 
developed, as described earlier, by dipping first in a 
solution of 100 mgm «-naphthol, 1 gm urea and 
25 gm potassium hydioxide m 100 ml ethanol, and 
finally in a solution of 0 75 gm bromine in 100 ml 
$ per cent aqueous potassium hydroxide The 
colom was dissolved m a mmimum quantity of water 
and the solution, after bemg acidified with hydro- 
chloric acid (pH 2-3), was left overnight m a 1efrig- 
erator By washing the resultmg dak precipitate 
with cold acidified water and then extracting 
repeatedly with ether, considerable purification of the 
compound was achieved 

It was observed that on addmg a few drops of a 
freshly prepared solution of sodium dithionite to a 
dilute and shghtly alkalme solution of the above 
substance, the red colour of the solution was instantly 
discharged On shakmg the solution gently in aur, 
however, the colour reappeared This reversible 
process could be repeated a large number of times 
with the same solution When acidified, the yellow 
colour of the solution could be similaly discharged 
by dithionite and restored by shaking in aw These 
results were a clear indication of the redox nature of 
the compound It was found that the compound 
could also be reduced to the leuco form by stannous 
chloride, but not by ascorbic acid or cysteme 

It appears fiom these observations that the 
eoloured product of the Sakagucht reaction has 
probably a quinonimme portion as its chief chromo- 
phore If so then, in view of our recent finding‘ that 
this reaction 1s 1n. fact a general reaction of phenolic 
compounds but is specific for para-unsubstituted 
phenols (a few p-halophenols, which gave the reaction, 
were the sole exception to this iule), the compound 
must have a p-quinonoid structure (as distmet from 
an o-quinonoid one) It would thus appear that the 
mechanism of colour formation m the Sakaguchi 
reaction 1s presumably an oxidative coupling between 
a guanido compound and a phenol, somewhat as in 
the formation of an mdophenol 

Although the present finding, together with the 
para-unsubstituted-phenol specificity of the reaction, 
practically confirms our earlier suggestion regarding 
a para-linkage in the compound), ıt 1s clear, since the 
compound behaves as a redox system both m acid 
and alkali and so must have a quinonoid structure in 
either, that the variation of its colour in acid and 
alkali 1s not due to isomerization between a benzenoid 
and a quinonoid form as suggested earlier! but ıs due 
to other factors 

The final purification of the compound is m 
progress with a view to its complete characterization 
These results, mcluding the exact redox potential of 
the fully purified compound, will be published later 
elsewhere 

I wish to thank Dr D K Roy and Mr J Datta 
for them helpful suggestions, and our director, 
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Dr J C Ray, for his kind mterest Iam also glad 
to acknowledge the technical assistance of Mr T K 
Majumdar 


KsmrgoD R BHATTACHARYA 


Indian Institute for Biochemistry 
and Experimental Medicme, 
Caleutta 13 
March 20 
1 Bhattacharya, K R, Datta, J, and Roy, D K » Arch Biochem 
Buphys , 77, 207 (1958) 
? Sakaguchi, S , J Bvochem (Tokyo), 5, 25 (1925) 


* Bhattacharya, K R, Datta, J, and Roy, D K, Arch Biochem 
Bwphys (in the press) 


‘Bhattacharya, K R , and Datta, J , Proc Forty-sıxth Indian Sci 
Congr Part 3, Abstracts, 155 (1959) 


Reaction-directing Properties of 
Non-enzymic Macromolecules: Pyrogallol 
Oxidation in the System lron(III)-Cellulose 


ALTHOUGH the plant cell wall ıs regarded as an mert 
substance, mechanical in function, recent studies 
have demonstrated wall polysaccharides to be active 
sites (matrices) m the directed polymerization of 
4-hydroxyphenylpropene derivatives (such as 
eugenol) to lignins} Other mvestigations have 
shown the peroxidation of pyrogallol catalysed by 
mon(III) to be enhanced by low concentrations of 
non-enzymic deoxyribonucleic acid*?, and have em- 
phasized both the qualitative and quantitative effects 
accruing from addition of solid surfaces to various 
chemical or biochemical systems?-9 

To extend these views on the catalytic activity of 
biopolymer surfaces, the system 1ron(III)-cellulose 
has been mcluded among those studied as an oxidase 
model and for its possible direct significance in 
biocatalysis as well 

Among the expermental procedures employed, 
variables other than cellulose have mcluded concen- 
trations of pyrogallol/hydrogen peroxide (constant 
molar ratio maintamed at 1 5) and ion(III) The 
formation of coloured oxidation products from pyro- 
gallo] at 0 1 and 1 0m mole/20 ml (after mcubation 
in darkness, at 24+1° C m 0 095 M potassrum 
dihydrogen phosphate for 100 hr) was accelerated 


A Substrate OI mmole 

A‘ Substrate OI mmole + Cellulose 
600 B Substrate 1O mmole 

B' Substrate 10 mmole + Cellulose 
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by cellulose (50 mgm Whatman No 42 file paper) 
m the presence of rron(IIT) (Fig 1) With Little or no 
metal 1on, addition of filter paper had no effect, 
whereas at the highest iron(III) concentration 
2 x 10-5 mole/20 ml (10-3 M), addition of filter paper 
enhanced the reaction 2-3-fold Essentially the same 
picture ıs presented both at low and high substrate- 
levels, however, the combination of intermediate 
won(ITI) concentration (10-5 M) and low pyrogallol 
concentration permits only a slight effect of added 
cellulose, although the effect of cellulose 1s substantial 
at this metal 10n concentration when more substrate 
is supplied 

When visible (425 my, Bausch and Lomb ‘Spec- 
tronic 20’ spectrophotometer) and ultra-violet (260 mp, 
Beckman DU spectrophotometer) absorbancies were 
compared, ıt was noted that, with morease m iron 
(III) from lowest to highest concentrations, visible 
absorption mereased approximately 20-fold without 
cellulose and 50-fold in its presence im reaction 
mixtures with 10 m mole of substrate In the 
same circumstances, ultra-violet absorption increased 
approximately 5-fold without cellulose, but 15- 
fold m its presence In effect, then, the relative 
enhancement by filter paper was somewhat greater 
when measured m the ultra-violet region The relative 
effects noted at the lower concentrations of pyrogallol 
stand m sharp contrast to the preceding, for although 
there 1s a 3-fold effect of added filter paper at the 
highest iron(III) level, only a shght effect (5-20 per 
cent) of cellulose was 1n evidence when measurements 
were made at 260 mp 

The absence of the cellulose effect as measured m 
the ultra-violet at lower concentrations of pyrogallol 
and ris presence at higher substrate-levels was con- 
firmed separately in a similar experiment using 
10-5 M won(III) but only a 12-hr reaction-time 
(Table 1) Here the level of pyrogallol was moreased 
still further, and the products deposited 1n the filter 
paper taken into account The importance of sub- 
strate concentration 1s evident here, as the greatest 
enhancement by added cellulose is found at 10 
mmole pyrogallol, with a far smaller effect at 10 0 
m moles, and essentially none at 0 1 m mole 








Table 1 EFFECT OF SUBSTRATE LEVEL AND CELLULOSE ON PYRO- 
GALLOL OXIDATION 
Pyrogallol (a) (b) (e) 
(m moles/ Control Cellulose In cellulose Ratıo 
20 ml ) supernatant | supernatant | (extract) (b + ca 

01 1 00* 1 00 0 05 105 
10 7 98 14 17 4 52 234 
100 132 0 158 7 5 02 124 





* Arbitrary, all other absorbancies (260 my) computed relative 
to this value 


Substances formed durmg the oxidation of pyro- 
gallol under the various expermmental conditions 
employed here have not as yet been isolated and 
characterized chemically , however, some indications 
as to the diversity of these products have been 
obtained 

The evidence presented here shows the rmon(III)-. 
catalysed homogeneous oxidation of a phenol to be 
enhanced by the presence of a  water-insoluble 
macromolecule of comparatively low reactivity The 
formation of a two-component catalyst 1s vemimiscent 
of reconstitution of peroxidases from them separated 
protein and hem moieties 

The role of a cellulose matrix in biosynthetic 
processes other than lignifieation remains a matter of 
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conjecture, but present evidence suggests the impor - 
tance of the cell wall in biochemical processes 
This work was carried out with the support of U S 
Public Health Service research grant C-2730 (National 
Cancer Institute) while we were m the Department of 
Biology, University of Rochester 
N S GOODMAN 
Department of Biology, Brandeis University, 
Waltham, Massachusetts 
S M SrgGEL 
Union Carbide Research. Institute, 
White Plains. New York 
1Siegel S MJ Amer Chem Soc , 79, 1038 (1957) 
2 Siegel, S M, and Siegel, B Z, Nature, 179, 421 (1957) 
3 Keilin, D , and Hartree, E. F, Beochem J , 44, 205 (1949) 
‘Newman, M S , and Caflisch, jun, E G, J Amer Chem Soc , 80, 
862 (1958) 
$ Slater, E C , Biochem J, 45, 8 (1949) 
*Siegel, S M , Proc US Nat Acad Ser, 48, 811 (1957) 


Analysis for Magnesium in High-Purity 
Aluminium 


ALTHOUGH there are several methods for determin- 
ing magnesium m aluminium, very few of these can 
be used successfully ın the low concentration range 
High-purity aluminium,*as supphed by most alumm- 
ium manufacturers, usually contains magnesium in 
the range 1-50p p m Pohl! has developed a chemical 
method for concentrating the umpurities and after- 
wards analysing by spectroscopy We have de- 
veloped a distillation method to concentrate the 
impurities which is more specific than that of Pohl, 
after the concentration the analysis can be com- 
pleted by any convenient method 

The aluminium stocks analysed were obtained from 
various suppliers and were supplied as 99 99 or 
99 999 per cent pure The apparatus used for the 
distillation consists of a ‘Vycor’ bell jar connected to a 
conventional high vacuum system The sample was 
heated by induction, and the temperature was deter- 
mined with an optical pyrometer A giaphite plate 
supported the sample The graphite was of a pure 
grade which has been developed for nuclear applica- 
tions, and 16 had been heated to a high temperature 
to get rid of any possible magnesium contammation 

The procedure is as follows a 10-gm sample 
(either one piece cut from the billet or a composite) 
i8 wet ground, degreased in fresh methanol, etched 
in concentrated potassnum hydroxide and weighed 
It ıs then held at a temperature just below the 
melting pomt in the apparatus until degassmg is 
completed (10-5 mercury) Afterwards, the tempera- 
twe is raised to 925-1,000° C and held for 10-15 
min ina vacuum of about 10-5 mm mercury After 
cooling, the distilled metal which had been condensed 
on the bell jar is dissolved m distilled hydrochloric 
acid or aqua regia prepared from distilled acids 
The solution 1s analysed by spectroscopy or other 
convenient means Limited experience indicates 
that the same results may be obtamed by using a small 
sample, 1 gm, m a giaphite or alundum crucible 
heated m vacuum by a resistance furnace 

Results for four alummium stocks are given in 
Table 1 

There ıs à small temperature effect ın the analysis 
There 1s also a small effect of the magnesium/alumm- 
rum ratio in the solution, which variation 1s affected 
by variation 1n the time and temperature of distilla- 
tion However, both these effects aie quite small, 
and the greater errois are those of routine spectro- 
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Table 1 
l 
Aluminium | No of Time | Temperature | ppm magnesium 

stock samples | (min ) (0) (+ average 
deviation) 

Á 4 14 950 16402 

B 4 13 940 11402 

C 2 12 950 86106 

D 7 12 920 114432 

D 3 | 15 1,000 126+10 





graphic analyses The mimmum concentration of 
magnesium m aluminium which can be found by this 
method is about 1 ppm 
In addit,on, the concentrations of other low-melting 
impurities, such as zinc, lead, bismuth and cadmium, 
may be determined spectroscopieally from the acid 
solutions 
We wish to thank J P Fars, B H Meng and M R 
Trahey for the spectroscopic analyses This work was 
done under the auspices of the US Atomic Energy 
Commission 
C A YOoUNGDAHL 
F E DeBoer 
Metallurgy Division, 
Argonne National Laboratory, 
PO Box 299, 
Lemont, Ilhnos ° 
May 27 
*Pohl F A, Z Anal Chem , 142, 19 (1954) 


Volatile Methoxides of Aluminium and 
Zirconium 


THE methoxides of the alkali metals, magnesium, 
alummium and zirconium were considered to be non- 
volatile due to ther bemg either ionic or highly 
polymeric covalent m nature Thus by contrast the 
penta-methoxides of quinquevalent niobium! (dimer), 
tantalum? (dimer) or uranium? (trimmer) may be 
distilled under a pressure of 01 mm. mercury 
According to our structural theory for metal alk- 
oxides* 1t seemed possible that the degree of poly- 
merization of alummium trimethoxide or zirconium 
tetramethoxide could be as low as 8-fold and approxi- 
mate calculations suggested that such compounds 
might be volatile at temperatures greater than 
200°C Moreover, recent studies on the thermal 
stability of metal alkoxides’ suggested that the 
methoxides would remain stable up to about 400° C 
Accordingly we have attempted to sublime some of 
the ‘non-volatile’ methoxides m an all-glass mole- 
cular stall at very low pressure 

Aluminium methoxide A sample prepared by the 
reaction catalysed by mercuric chloride and mvolving 
alummium foil and methanol was heated at 150°C 
and about 10- mm mercury and after 24 hr a trace 
of sublmmate had appeared The temperature was 
then raised to 240°C and & rapid sublimation 
occurred (found. Al, 227, OMe, 77 2 per cent, 
Al(OMe), requires Al, 22 5, OMe, 77 5 per cent) 
It was noticed that freshly sublimed alummum 
methoxide dislodged from the cold finger volatilized 
much more rapidly than the origmal unsublimed 
material and suggested a difference in their degrees 
of polymerization (see ref 4 on ‘agemg’ of alummium 
alkoxides) Samples of sublimed and unsublimed 
compound were sealed-off m capillaries for X-ray 
powder photographs The sublimate gave a broad 
diffraction rmg of small radius (Fig 14) suggesting 
a low order of crystallmity while the unsublimed 
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Fig 1 


material gave a similar picture (Fig 1B) but with an 
additional rmg of larger diameter Both samples were 
then exposed to the atmosphere by breaking the ends 
of the capillaries In each case X-ray pictures showed 
that hydrolysis had caused a complete breakdown of 
structure Another sample of sublunate kept m a 
sealed capillary for one month showed no change m 
diffraction pattern — Similarly, a sample of sublimate 
kept m contact with dry methanol for a month also 
showed no major structural change On the other 
hand, microscopic exammation of sublimate suspen- 
ded in benzene showed that ıt was initially isotropic 
but durmg one month became anisotropre (straight 
extinction) with isotropic bands It appears, there- 
fore, that the methoxide exhibits a structural ‘ageing’ 
effect although the low degree of ordei m the solid 
makes difficult the observation of this effect by X-ray 
powder photography It was also noteworthy that 
the freshly sublimed compound was practically 
insoluble m methanol or benzene 

Zercomum methoazwde A sample was prepared from 
redistilled zirconium tetra-tert -amyloxide by repeated 
treatments of the precipitated sold with fresh 
quantities of boilmg methanol Finally the zircon- 
ium tetramethoxide (found Zr, 42 2 per cent, 
Zr(OMe), requres Zr, 42 4 per cent) was dried at 
190°C and 01mm mercury A sample heated in 
the molecular still at 250? C slowly gave a sublimate 
but at 280°C sublmation was rapid and complete 
(found Zr, 42 6, OMe, 57 1 per cent, Zr(OMe), 
requires Zr, 42 4, OMe, 57 6 per cent) X-ray 
powder diffraction patterns of the sublimed (Fig 10) 
and unsublimed (Fig 1D) sohds were very similar 
and showed a large number of well-defined rmgs 
indicating a highly crystalline substance Exposure 
of the samples to the air caused destruction of the 
patterns except for one diffuse rmg of large diameter 
The solids were anisotiopic 

lathvum, magnesvum and lanthanum methoaides 
None of these solids showed any evidence of 
sublimation at 360°C durmg a period of 18 hr 
in the molecular still but they remamed completely 
stable This does not piove that these compounds 
are 10mc and indeed the structural theory would 
suggest that if they are covalent the hthum and 
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magnesium methoxides should be giant polymers 
(assuming co-ordmation numbers of 4 and 6 for 
lithium and magnesium respectively) while the 
minimum polymer for La(OMe), with 6 co-ordmated 
lanthanum would be an octamer (note that lanthanum 
tert -butoxide is volatile?) 

We thank Dr H Carhsle for assistance with the 
X-ray studies and the Durector, Atomic Energy 
Research Establishment, Harwell, for permission to 
publish these results 


D C BRADLEY 
M M FAKTOR 


Department of Chemistry, 
Birkbeck College, 
Malet Street, 
London, WC 2 
1 Bradley, D C , Chakravarti,B N , and Wardlaw, W ,J Chem Soc, 


2381 (1956) 
eric n C, Wardlaw, W , and Whitley, A , J Chem Soc , 728 


? Bradley, D C , and Chatterjee, Amar K , J Inorg Nuclear Chem , 
4, 279 (1957) 

* Bradley, D C , Nature, 182, 1211 (1958) 

5 Bradley, D C , and Faktor, M M,J Appl Chem (in the press) 

* Bradley, D C , and Faktor, M M , Chem and Indust , 1832. (1958) 


BIOCHEMISTRY and PHYSIOLOGY 


Role of the Coenzyme in the Stabilization 
of Glyceraldehyde-3-phosphate 
Dehydrogenase 


THE role of a coenzyme 1s studied mostly with 
respect to the mechanism of reactions catalysed by 
specific enzymes It has been established ın some cases 
that coenzymes and prosthetic groups have a pro- 
tecting and stabilizing effect on the protem molecule 
It 1s known that the large molecule of p-glyceralde- 
hyde-3-phosphate dehydrogenase (PGAD) (molecular 
weight 140,000) ıs labile, and does not contam 
disulphide hnkages as stabilizmg bonds! 

Accordmg to Velek crystalline p-glyceraldehyde- 
3-phosphate dehydrogenase from rabbit skeletal 
muscle binds firmly 3 moles of diphosphopyridme 
nucleotide (DPN) per mole of protem? We have found 
that crystalline D-glyceraldehyde-3-phosphate de- 
hydrogenase from beef, pig and dog also bind firmly 
the same amount of coenzyme* It 1s presumed! 
that the firmly bound diphosphopyiidme nucleotide 
has a stabihzing role and, as we have previously 
found, m the presence of excess drphosphopyridine 
nucleotide D-glyceraldehyde-3-phosphate dehydro- 
genase ıs fully resistant to the proteolytic action of 
trypsm! Therefore, we studied the role of diphospho- 
pyridine nucleotide m connexion with its stabilizing 
effect on the p-glyceraldehyde-3-phosphate dehydro- 
genase molecule, by measurmg the changes in the 
specific optical rotation, mtrmsic viscosity and 
digestibihty occurrmg as a result of displacement of 
the bound coenzyme from the enzyme molecule by 
charcoal treatment and  p-chloromercuribenzoate 
(PCMB) blockmg? 

The expermments were carried out with four times 
recrystallized pig p-glyceraldehyde-3-phosphate de- 
hydrogenase, prepared accordmg to the method of 
Elódi and Szorényr, m a 0 1 M phosphate buffer at 
pH 84 Displacement of the bound diphospho- 
pyridme nucleotide was assessed spectrophoto- 
metrically at the wave-lengths 250—290 and 330-370 
my The results are given in Table 1 
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Table 1 THE EFFECT OF DISPLACEMENT OF THE BOUND COENZYME 
ON SOME PROPERTIES OF D-GLYCOERALDEHYDE-3-PHOSPHATE DE- 














HYDROGENASE 
f 
Spec opt Intrinsic | Digestibility* 
PGAD tested rotation viscosity | by trypsin 1n 
[a]? [7] 30 min at 
D oo” 
1 Control 
PGAD (DPN): —30 6° 1 95 1 00 
2 Control + 
3 equy PCMB —40 8° 7 80 2 80 
3 Charcoal treated —41 6° 7 30 3 10 
4 Charcoal treated + 
8 equiv DPN —29 8° 1 90 0 70 
5 Charcoal treated + 
6equv DPN —981 4° 2 40 014 
6 Charcoal treated + 
15 equiv DPN —81 4° 3 05 0 Of 
7 Urea denatured —99 7° 42 5 142 








* Digestion was carried out with crystalline trypsin The extinction 
of the deprotemized reaction mixture and the amount of protein 
precipitable with 6 6 per cent trichloracetic acid were measured 
The digestibility of the control experiments has been taken arbitrarily 


as unity 
+ Digestibility after 3 hr incubation 


It can be seen that the displacement of the bound 
coenzyme causes a change in the structure of the 
enzyme shown by the changed specific optical rota- 
tion and mtrmsic viscosity and the enhanced di- 
gestibility These changes are m the same direction 
as those caused by denaturation, the effect, however, 
bemg much less pronounced than that caused by 
treatment with urea 

Re-addition of the amount of diphosphopynidine 
nucleotide displaced from the protem molecule 
completely restores the initial properties Addition 
of a greater excess of coenzyme does not alter the 
optical rotation of the protem, but ıt increases its 
mirmsie viscosity and stabilizes the structure of the 
enzyme against proteolysis 

The above results suggest that the bound diphospho- 
pyridme nucleotide stabilizes the structure of the 
enzyme molecule m a given configuration, which may 
be necessary to the catalytic action The effect 
found with excess diphosphopyridme nucleotide 
requires a more extended experimental analysis 

The details of these experiments will be published 
m Acta Physwlogwa Academe Scientarum Hun- 
garicae 

P Exépr 
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e-N-Methyl-lysine in Bacterial Flagellar 
Protein 


FLAGELLAR proteins (flagellins) from several species 
of bacteria have been studied by Weibull and, more 
recently, by Koffle.? The present mvestigations have 
revealed differences in the amino-acid compositions 
of the flagellins from Proteus vulgaris? and Salmonella 
typhimurium (Table 1) Also the latter protein has 
been found to contam s-N-methyl.lysme, an ammo- 
acid that has not been previously found to occur 
naturally 
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Table 1 


AMINO-ACID COMPOSITION OF FLAGELLINS 
From (4) 


Salmonella typhimurium SW1061 two independent 
determinations 
From (B) Proteus vulgaris (Koffler, ref 2) 
parison purposes 
Results expressed as gm residues/105 gm protem 


recalculated for com- 




















(A) (B) 
Glycine 79 81 86 
Alanine 147 150 110 
Valine 60 60 64 
Leucine 74 76 86 
aoLeucine 49 46 56 
Glutamic acid 96 96 97 
Aspartic acid 155 153 166 
Serine 59 57 68 
Threonine 101 99 85 
Tyrosine 20 27 13 
Phenylalanine 13 14 24 
Tryptophan 0 0 0 
Proline 13 9 0 
Cystine/2 0 0 6 
Methionine 3 8 7 
Lysine 33 31 40 
e-N-methyl-lysine 28 24 0 
Arginine 24 29 40 
Histidine 4 0 0 
Total residues 958 955 957 
Amide groups 156 152 144 











e-N-methyl-lysme was identified in hydrochloric 
acid hydrolysates of the flagellin by paper electio- 
phoresis, and by chromatography on paper (Fig 1) 
and ion-exchange resin In several systems the 
amino-acid from flagelhn behaved in a simular way 
to a sample of synthetic e-N-methyl-lysme (obtamed 
from Dr F Sanger Neuberger and Sanger’), and 
could be differentiated fiom the isomeric a-N-methyl- 
lysine and homolysme The c-N -methyl-lysme from 
flagellin was separated from the other hydrolysis 
products by 10n-exchange chromatography, and was 
erystalhzed as the monohydrochloride Elementary 
analysis agreed with the formula C,;H,,N,0,Cl (cal- 
culated C, 428, H, 865, N, 143, found C, 
427, H, 891, N, 14 5) The bacteria were found 
to imcoiporate lysine-“C mto the flagella both as 
lysme and as the new ammo-aeid, under conditions in 
which no othe: ammo-acid was made radioactive 
Dinitrophenyl-flagellin, on hydrochloric acid hydioly- 





LEU * 1 
i Ley f ME "e 
vo PRO 
dh Prue 
Fig 7 Two-dimensional chromatogram of a 24-hr 105° C,6 N 


hydrochloric acid hydrolysate of 0 2 mgm of Salmonella typht- 

murum SW1061 flagellin Method of Levy and Chung (ref 4) 

Solvent 1  n-butanol/acetic acid/water (4 1 5) Solvent 2 

1 1 m-cresol/phenol, pH. 9 3 borate buffer Whatman No 52 
paper NML, e-N-methyl-lysine 
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sis, yielded two yellow water-soluble components, 
namely, e-dimtrophenyl.lysine and e-dinitrophenyl- 
s-N-methyl-lysme The latter was characterized by 
the Rr value, the absorption spectrum (with a 
maximum at 388 my), and by hydrolysis with an 
ammonia solution to give the free ammo-acid 
Peptides fiom tryptic and chymotryptic digests of 
flagellin were separated by paper electrophoresis , 
several peptides were found to contam e-N-methyl- 
lysine, and the ratio of lysine to e-N-methyl-lysine 
varied from peptide to peptide, indicating that 
e-N-methyl-lysine occurs at several sites in the 
polypeptide chain 

The organism used for most of the experiments 
was Salmonella typhumu vum stram SW1061, and was 
normally grown on a broth/agar medium In the 
isolation of crystalline -N -methyl-lysine monohydio- 
chloride, when large amounts of starting material 
were required, some flagella fiom other Salmonella 
species were used 

Our thanks are due to Drs B A D Stocker and 
D Kerridge for material, to Dr F Sanger for advice, 
and to Miss B Worboys for assistance 


R P AMBLER 


Department of Biochemistry, 
Univeisity of Cambridge 


M W Ress 
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Huntmgdon Road, 
Cambridge 
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Inhibitory Effect of Fungistatic Antibiotics 
on the Production of Amylase by 
Penicillium chrysogenum 


THe washed mycelium of Penecallawm chrysogenum 
1s able to synthesize amylase 1n the presence of starch 
The production of this enzyme starts after 4 hr 
incubation independently of the omginal carbo- 
hydrate content of the medium 150-250 u enzyme/ 
100 ml will be produced during further mcubation 
for the next 4-6 hr ‘This enzyme production was 
mhibited by 2,4-dmrtrophenol (3 x 10-* M) and 
Sodium azide (10-* M), but was not influenced by 
streptomycin (2,000 ugm [ml), chloramphenicol 
(200 ugm jml) or oxytetracycline (500 ugm /ml ) 
The effect of the fungistatic antibiotics on the pro- 
duction of the enzyme was examuned under experi- 
mental conditions identical with those previously 
ieported! Aqueous dilutions of solution of the 
fungistatic substances m methanol were added to 
the incubated mixture Amylase was dete1mmed 
by the method of Smith and Roe?, the results 
(Table 1) show that production of this enzyme 1s 
very sensitive to the presence of the substances 
mentioned above 

Shepherd’ and Kerridge® observed that with 
Aspergillus mdulans and Saccharomyces carlsbergensis, 
respectively, synthesis of protein and of nucleic acid 
was mhibited by antibiotics only ın growth-mhibiting 
concentrations Furthermore, Kerridge found® that 
‘Actidion’ 1s able to influence the synthesis of the 
adaptive maltozymase system im concentrations 
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Table 1 INHIBITION OF AMYLASE PRODUCTION (PER CENT) 





Concentration of the antibiotics (ugm [ml ) 
10 1 01 001 





100 
Nystatin (ref 3) 100 100 90 45 25 
Flavofungin (ref 4) 95 20 0 0 0 
Trichotecin (ref 5) 100 80 60 10 0 
T-substance* (ref 6)| 100 80 60 10 0 





* A new antibiotic similar to trichotecin 


below that necessary to inhibit growth Our results 
are similar to those cited It is strikmg, however, 
that nystatm inhibits the production of amylase at 
a much lower concentration than other fungistatic 
antibiotics , at a concentration, moreover, at which 
it exerts no fungistatic action This fact may play 
a prominent part m the therapeutical applicability 
of nystatin 

I HonvÁTH 

A SZENTIRMAI 
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Budapest 
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Detection and Identification of the 
Polyphenoloxidase Substrate of the 
Banana 


BLACKENING of the fruit of the banana may occur 
during cultivation, when the cause ıs usually of 
pathological origm, or durmg storage if ripening 1s 
not adequately controlled The biochemical changes 
involved m the blackening of the fruit have received 
little study, although evidence for the existence of an 
enzyme system in the fruit of the banana capable of 
oxidizing substances of the catechol type was presen- 
ted by Onslow! m 1920 The existence of flavonoid 
compounds in the edible banana has been reported? 
Robinson? detected delphimidin m the hydrolysis 
produets of the pulp of an edible banana while 
Simmonds?, who has described the anthocyanm 
pigments of the bracts of a number of banana species 
in detail, reported that the skin and pulp of fiui 
of the edible varieties contamed large amounts of 
leucoanthocyanms Indirect evidence was, however, 
obtained? that the polyphenol oxidase system of the 
banana was unable to act on the leucoanthocyanms 
present to produce brown colorations Recently, the 
presence of serotonm and ielated compounds in 
the fruit of the banana was reported by Waalkes 
et al 5. The ability of these compounds to serve as 
substrates for polyphenoloxidase was not, however, 
explored 

Durmg the past year, chromatographic studies at 
the Imperial College of Tropical Agriculture have 
indicated that the major browning substrate of the 
edible banana 1s 3,4-dihydroxyphenylethylamine and 
have confirmed the opmion of Simmonds that the 
leucoanthocyanms present are not acted upon by 
banana polyphenoloxidase 
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Two varieties of banana were utilized in these 
studies the clone Gros Michel, which 1s extensively 
cultivated m tropical America and to a more lumited. 
extent in Jamaica for export, and the clone Mysore, 
which 1s grown wholly for local consumption The 
polyphenols of the banana skin were extracted by 
macerating 25 gm of tissue m 50 ml of 1 per cent 
methanohe hydrochloric acid After filtration, 
0 02 ml of this extract was applied to the chromato- 
gram, which was developed with butanol/acetic acid/ 
water (40 10 50) After drying, the chromatogram 
was sprayed with a polyphenoloxidase preparation 
and incubated in a humid chamber? until the brown- 
mg changes were complete <A smgle zone showing 
mense darkening developed on the chromatogram 
and after drymg its position was marked By this 
means ıt was shown that the major browning sub- 
strate of the banana possessed an Ry of 0 42 m 
butanol /acetic acid/water Although a large amount 
of stationary leucoanthocyanm was present on the 
base-line (evidenced by a high yield of the antho- 
cyanidin, delphimidim on acid hydrolysis of the strip), 
no browning occurred ın this region These results 
were later confirmed by two-dimensional chromato- 
graphy, ın which primary development with 2 per 
cent acetic acid was followed by a secondary develop- 
ment with the butarfol/acetic acid/water solvent 
system 

The enzyme preparations used to locate the 
browning substrate were (a) banana polyphenoloxi- 
dase, (b) cacao polyphenoloxidase® and (c) tyrosinase 
(from mushrooms, L laght and Co, Ltd) The last 
two enzymes were applied to the chromatogram ss 
aqueous or buffered solution by means of a glam 
spray® The appheation of the banana enzyme to 
the chromatogram was complicated by its relative 
msolubrhty in water, the activity bemg almost wholly 
lost on filtration Smece spraymg the unfiltered 
suspension was impracticable, application of the 
enzyme preparation was effected by the following 
means 25 gm of banana pulp m 50 ml of distilled 
water was homogenized m a microblender for 10 min , 
after which the crude suspension was applied to the 
chromatogram by means of a small nylon brush, 
which was dipped into the suspension and then caused 
to emit a spray by passmg 2 glass rod firmly and 
rapidly over the bristles The semi-solid suspension 
was thus evenly distributed over the chromatogram 
and on incubation a well-defined area of browning, 
corresponding m position to that given by the other 
polyphenoloxidase preparations, formed on the 
chromatogram 

Since the crude banana extract possessed similar 
activity to the well-characterized polyphenoloxidases 
of the mushroom and cacao, 15 18 evident that a highly 
active phenol oxidizing system 1s present m the fruit 
of the banana, and ıt was shown that aqueous 
extracts of banana pulp possessed the ability to 
oxidize added (—)-epi-catechin and catechol at a 
rapid rate 

Comparison of the chromatographic properties of 
the browning substrate with those of the naturally 
occurring phenolic acids and flavonoids mdicated that 
the substance did not correspond to any previously 
reported compound in either of these groups With 
certain spray reagents, however, the colours given 
closely resembled those given by 3,4-dihydroxy- 
phenylalanme, and it appeared that although the 
Rr values of these two compounds differed con- 
siderably, there was a strong possibility that the 


July 4, 1959 


NATURE 59 








No 4679 
Table 1 
Browning 3,4-Dihydroxy- 
substrate phenylethylamine 
Butanol/acetic 
acid/water 
(40 10 50) 0 42 0 42 
Rr values| 2 per cent 
acetic acid 0 69 0 69 
phenol/sulphur 
dioxide 
(ref 5) 0 43 0 48 





p-nitro-aniline 
(ref 4) 

Potassrum 
ferricyanide 
(ref 5) 





brown— purple 
black 


pink lavender 


brown— purple— 
black 


pink lavender 


ultra-violet 
fluorescence 
after spray- 
ing with pot- 
assium ferri- 


Spray 
reagents 


cyanide blue blue 
1 per cent 
ethanolic fer- 


rie chloride 





pale olive green pale olive green 

















browning substrate was closely related chemically 
to the latter substance It was later shown that the 
browning substrate was chromatographically identical 
with an authentic specumen of 3,4-dihydroxyphenyl- 
ethylamme (Delta Chemical Works Inc ) (Table 1) 

3,4-Dihydroxyphenylethylamine was shown to be 
present m both skin and pulp of the edible banana 
Although the amount present m the pulp was very 
much lower than that found in the skm, its presence 
was readily demonstrated chromatographically by a 
prehmmary concentration of the pulp extract m a 
vacuum oven 3,4-Dihydroxyphenylethylamine was 
detected also m other parts of the banana plant, 
including the bracts of the flower Although the amine 
was present m large amounts, the corresponding 
ammo-acid, 3,4-dihydroxyphenylalanine, was not 
detected m any of the extracts examined 

Examination of banana skm m which blackening 
was pronounced showed that the content of 3,4-dihy- 
droxyphenylethylamme was low or nl A simular 
decrease resulted when skin tissue was macerated m 
water Under these conditions an immediate darken- 
ing occurred and afterwards 3,4-dihydroxyphenyl- 
ethylamme could not be detected m the reaction 
mixture When the maceration was carried out mn 
l per cent hydrochloric acid, or when the tissue 
was first dropped mto boiling water to arrest enzymic 
action, no darkenmmg occurred and 3,4-dihydroxy- 
phenylethylamme could be detected m normal 
quantity These observations provide confirmation 
that 3,4-dihydroxyphenylethylamme is the natural 
precursor of the black pigment observed ın oxidized 
banana, tissue 

I wish to express my appreciation to Mr 
N W Simmonds for much helpful advice and for 
assistance ın obtamung plant material for these and 
related studies 
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Lipase Activity in the Brown and Yellow 
Adipose Tissue of the Bat 


Our histochemical observations on the brown 
and yellow adipose tissue of the bat, Hipposideros 
speorts, showed that the activity of hpase 1s more or 
less the same m the two types of adipose tissue 
(unpublished) Faweett!, usmg histochemical 
methods, reported a much higher concentration of 
hpase in the brown than the yellow adipose tissue of 
the rat Here we report the results of a quantitative 
study of lipase activity m. the brown and yellow adi- 
pose tissue of the bat, Hipposideros speoris 

The enzyme material used was an aqueous extract 
of ether-defatted brown and yellow adipose tissue 
prepared ın the followmg manner After decapitation, 
the subcutaneous mterscapular brown adipose tissue 
and the yellow adipose tissue from the lower lateral 
sides of the abdomen were carefully removed and 
separately minced, defatted ın two changes of ethyl 
ether at room temperature for 2 hr and dried m a 
vacuum desiccator at room temperature Extracts 
of the material were made by grmdmg with clean 
sand in cold distilled water in a test-tube for 1 hr 
and centrifuging at about 2,500 rpm for 5 min 
The supernatant was used for the study The method 
used for the assay was a manometric method adopted 
from Martin and Peers? using the Warburg apparatus, 
with a bicarbonate-carbon dioxide buffer system 
pH 7 4 at 37°C using tributyrm as substrate The 
reaction flask contained 1 5 ml of 0 025 M bieaib- 
onate solution, 1 ml enzyme solution in the mam 
chamber and 0 5 ml 4 per cent (v/v) tributyrm m 
0 0148 M bicarbonate (emulsified by shaking with a 
drop of "Tween 80’) m the side arm, making a total 
volume of 3 ml The manometers and flasks were 
gassed for 3 mm with a mixture of 95 per cent 
mitrogen and 5 per cent carbon dioxide from a 
cylmder After equilibration for 10 mın the substrate 
was tipped in and two readmgs taken at intervals 
of 30 mm The manometers were shaken at about 
100 oscillations/mim with an amplitude of 4-5 cm 
per oscillation 

Lipase activity was calculated on the basis of the 
protem concentration of the enzyme solution used 
and is expressed as pl carbon dioxide produced/ 
mgm protem/hr Protem was estimated by the 
mucro-Kjeldah] method for total protems? 


Table 1 LIPASE ACTIVITY IN TEL ADIPOSE TISSUES FROM ABOUT 
35 BATS 














Lipase activity 
(ul CO.Jmgm protein/hr ) 


30 45 
37 85 


Tissue 





Brown adipose 
Yellow adipose 


From the results obtaimed it is evident that the 
yellow adipose tissue has a higher hpase activity than 
the brown, but at the same time the difference m 
concentration of the enzyme in the two types of 
adipose tissue ıs not sufficient to show a pronounced 
difference in histochemical preparations Among the 
other enzymes studied by histochemical methods 
(George and Eapen, unpublished) a distinct difference 
was observed only in the case of the dehydrogenases, 
such as succinic and lactic dehydrogenases, occurring 
in much higher concentrations in the brown than 
m the yellow adipose tissue Fat in the yellow adipose 
tissue 1s reported to be mobilized 1n greater concentra- 
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tion and at a faster rate than m the brown adipose 
tissuet This could be accounted for by the higher 
concentration of lpase ın the yellow adipose tissue 
It may also be mentioned that the lipase activity m 
the pigeon adipose tissue ıs about sıx times greater 
than in the yellow adipose tissue in this bat? 
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*On'- and ‘Off’-Responses of the Olfactory 
Epithelium 


Srow-action potentials have been found in various 
sensory receptors in response to adequate stimuli 
They were first found im the olfactory epithelium 
of a dog by Hosoya and Yoshida! Recently, Ottoson? 
studied them extensively m the olfactory epithelium 
of a frog He showed that the action potential 
is of a triangular shape, having a steeply rising 
limb, a round summit and a gradually fallmg lumb 
in an exponential curve When the duration of the 
olfactory stimulus is long, a plateau appears m the 
middle of the fallmg Immb and continues as long as 
the stimulation It 1s succeeded by an exponentially 
fallmg hmb at the cessation of stimulation 

In the course of our experiments on the olfactory 
epithelium of a frog and a toad, action potentials 
were frequently found at the cessation of stimulation 
Thus, two slow-action potentials appoared at the 
onset and the cessation of stimulation (Fig 1, b, c 
and d) These phenomena are well known in the 
retina‘, 1n the optic nerve‘ and in the auditory nerve’ 
They are called ‘on’- and ‘off’- responses respectively 
It is interesting that similar phenomena were found 
in the olfactory epithelrum as well 


(e) SS ee a E eet 


Fig 1 On-and off-responses (a), On-response (b), (c) and (d), 
Various types of on-off-responses The on-response is bigger 
than the off-response ın (b) and v1c^ versain (d) (e), Off-response 
The horizontal hnes above the potentials on the left indicate 
the durations of olfactory stimulation The vertical and hori- 
zontal bars on the right show 50 uV and 1 sec respectively 
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In order to study the stability of these response 
types, olfactory stimulation of the same odour and 
same intensity was repeated It was found that the 
shapes and magnitudes of the potentials varied from 
time to time An instance of such vanability was 
shown in Fig 1, b,c and d The on-response 1s bigger 
than the off-response m Fig 1, b, but vice versa m 
Fig 1,d These differing results were obtained in the 
same epithelhum by successive stimulation From 
these observations, 16 1s supposed that the relation 
between the on- and off-responses 1s not simple and 
steady ın the olfactory epithelrum. In a few cases only 
the off-responses appeared (Fig 1, e) Thus, m the 
olfactory epithelium of a frog and a toad, three types 
of responses, pure on-, pure off- and on-—off-, were 
observed 

The olfactory epithelium is & single cell layer, 
constituted by the olfactory and sustentacular cells 
arranged m parallel A synapse has not been found 
in the epithelium Consequently, 1$ 1s supposed that 
these responses are produced by the activity of the 
olfactory cells  Dogiel* and Jagadowsk1’ deseiibed 
three types of receptor cell—one spindle shaped, 
one columnar and one conical Though these findings 
have not been confirmed by other histologists, 
it 1s presumed that there may be two or three types 
of the olfactory cells, cérrespondmg to the on- and 
off-, or on-, off-, and on-off-responses 

Detailed results and discussion will be published 
elsewhere 
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Synthesis of Diphosphopyridine Nucleotide 
from Nicotinamide by Slices of Liver 


Fottowine the injeetion of nicotinamude, large 
1nereases m the diphosphopyridme nucleotide content 
of mouse tissues, particularly liver, have been reported 
by Kaplan and co-workeis! Although ıb 1s thought 
that diphosphopyridine nucleotide 1s synthesized 
from adenine mononucleotide, the inerease in the 
former is accompanied by an increase in the total 
acid-soluble adenme content of the liver 

The present work shows that contrary to other 
reports? there is an increase in the content of 
diphosphopyridine nucleotide of rat and mouse liver 
meubated in oxygen n vitro m the presence of 
mcotinamide Three- to four-fold mcreases ın content 
of dipbosphopyridine nucleotide were obtained both 
?n vitro m the presence of 10-? M nicotmamide and 
wn vwo after the injection of 500 mgm /kgm nicotin- 
amide The levels of triphosphopyridine nucleotide 
were unaffected 

in vitro the formation of diphosphopyridme 
nucleotide 1s at the expense of adenine mononucleotide 
(Table 1), as ıs to be expected if the former ıs formed 
from adenosine triphosphate and micotimie acid or 


No 4679 July 4, 1959 


NATURE 61 























Table 1  EFFEOT OF NIOOTINAMIDE ON THE LEVELS OF ADENINE NUCLEOTIDES IN RAT LIVER 
| — Hmoles/gm frozen tissue Means + standard error 
00 —— 
experiments DPN Analogue Sum ATP+ADP+AMP ATP 
Control slices 11 0 22 +001 0 115 +4007 0 62 + 0 05 
Slices + 107? Af nicotinamide 11 0 66 4- 0 06* 032 + 0 06 0 65 + 0 07* 0 34 E0 05* 
Change | +0 44 +0 82 — 0 50 — 0 28 
Control rats 7 t 0 60 +0 05 0 377 +011 112 
Nicotinamide-treated rats 5 ad 
(500 mgm /kgm ) 4 ! 281 +0 14* 0 44 +0 03 319 +017 105 +018 
Change | +171 +0 44 — 0 58 —007 
La 














* Significantly different from correspondirg contro] mean at P < 0 001 
Slices were weighed after freezing 1n liquid nitrogen following a 8-hr incubation in Krebs-Ringer-phosphate medium ın conventional 


Warburg apparatus Gas phase oxygen, glucose 200 mgm per cent 
chromatography (zsobutvric acid-ammonia and acetone-water systems) as previously described (ref 7) 


Nucleotides were separated and estimated using two-dimensional 
Three approximately 100-mgm slices 


were pooled for each determination and the nucleotides in the perchloric acid extract were adsorbed on to 50 mgm ‘Norit’ columns 
Liver samples were quickly removed from decapitated rats 3 hr after the intraperitoneal injection of nicotinamide, frozeninliquid nitrogen, 


and the nucleotides separated and estimated as above, using 150 mgm 


and ATP, adenosine mono-, di- and tri-phosphate 


nicotmamide mononucleotides?^ In vwo the total 
adenme nucleotide concentration rises It 1s clear 
that liver slices cannot replace the adenine mono- 
nucleotide used m this synthesis as readily as the 
intact liver 

Mouse liver shces behaved similarly, 
mereases in diphosphopyridine nucleotide 
obtained . 

Chromatograms of the nucleotides in rat and mouse 
liver slices after meubation with nicotinamide, and in 
liver of both species after the mjeetion of nicotim- 
amide, showed the presence of an ultra-violet- 
absorbing spot not present m the controls The 
compound has been identified on the followmg 
grounds as the nicotinic acid analogue of diphospho- 
pyridine nucleotide (1) The appearance of a peak at 
315 my m the absorption cuve followmg the addition 
of potassrum cyanide (2) A phosphorus to adenime 
to 11bose ratio of 2 1 2 (3) The electrophoretic 
pattern of the new compound after alkaline hydrolysis 
differed from that of similarly treated diphospho- 
pyridme nucleotide only in the presence of a com- 
pound migrating with nicotmic acid and the absence 
of nicotinamide (4) The compound co-chromato- 
graphed with the synthetic nicotmic acid analogue 
in the two-dimensional system used (5) The com- 
pound and the synthetic analogue were not reduced by 
alcohol dehydrogenase, thus distmguishmg them from 
diphosphopyridine nucleotide The mcorporation of 
nicotinic acid labelled with carbon-14 mto diphospho- 
pyridine nucleotide by human erythrocytes? and tho 
synthesis of the nicotmic acid analogue by mouse 
lrver* suggested that micotime acid itself might be 
utilized by lrver slices for the synthesis of diphospho- 
pyridine nucleotide However, the meubation of rat 
liver slices in the presence of 10-? M nicotinie acid did 
not lead to the formation of diphosphopyridme 
nucleotide or its nicotmic acid analogue Kaplan has 
shown n vwo also that micotime acid does not 
markedly increase the level of diphosphopyridine 
nucleotide 

On the addition of phosphorus-32 to the incubation 
medium contaming 10-? M nicotinamide and rat liver 
shees the nicotimic acid analogue had a much higher 


twofold 
being 


Table 2 THE INCORPORATION OF PHOSPHORUS-32 INTO DIPHOSPHO- 
PYRIDINE NUCLEOTIDE AND ITS NICOTINIC ACID ANALOGUE n viro 








Specific activity 
(counts/min /mgm /P) 
Diphosphopyridine nucleotide 14,700 
Nicotinic acid analogue 65,700 





Shees were incubated as in Table 1 10 ue phosphorus-32 added 
from side arm after 2-hr incubation 


‘Nort’ columns DPN, Diphosphopyridine nucleotide, AMP, ADP 


specific activity than the diphosphopyridme nucleo- 
tide, suggesting that rb was a precursor and not a 
breakdown product of the latter (Table 2) 

These results are consistent with current 1deas® that 
micotime acid mono- and di-nucleotides aie inter- 
mediates in the biosynthesis of diphosphopyridme 
nucleotide but do not explam why nicotinic acid does 
not lead to mereased levels of diphosphopyridine 
nucleotide following incubation of slices or mjeetion 
am vwo 

I wish to thank Prof N O Kaplan for supply- 
ing the synthetic diphosphopyridme nucleotide 
analogue and Mr R Manston for skilled technical 
assistance 

C J THRELFALL 
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Increased Circulating Insulin-like Activity 
in Obese-Hyperglycemic Mice 


Tx hereditary obese-hyperglycemic syndrome of 
mice 1s a condition characterized by extreme adiposity, 
hyperglycemia, hypercholesterolemia, and a variety 
of metabolic, endocrme, enzymatic and behavioural 
idiosyncrasies’? High blood glucose values are 
observed under conditions of ad bitum feeding m 
spite of an increased insulin content of the pancreas, 
extensive hypertrophy of the islets of Langerhans 
and marked hyperplasia and degranulation of the 
beta-cells* 

The availability of the bioassay 1ecently developed 
by Martin et al® offered an opportunity to compare 
the insulin-like activity m the serum of obese-hyper- 
glycemic mice and therr lean litter-mates, both in fed 
and fasted states This bioassay is based on the 
observation that msulin increases the wn vitro oxida- 
tion of glueose-1-4C by rat epididymal fat, there 
existing 8 satisfactory lmear correlation between the 
square root of this effect and the logarithm of the 
insulin-level* 133 three months old adult mice and 
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Table 1 CIRCULATING INSULIN-LIKE ACTIVITY IN OBESE-HYPERGLYOJMIO MICE AND THEIR NON-OBESE LITTER-MATES 
Obese Non-obese 
Slope of 
Experi- | response | Type and status Serum Serum Serum Serum 
mental | log dose of animals* Average | glucose insulin-hke | Number| Average glucose | insulin-like 
series line Number and sex | weight (mgm / activity |andsex| weight (mgm / activity 
(gm ) 100 ml) | (uumts[ml.) (gm ) 100 ml) |(zumts/ml ) 
1 071 Adult Fed 25 54 263 > 1,000 | 20 F 27 93 107 
(17 M +8 F) 
2 127 Adult Fed 21 58 198 > 1,000 20 M 25 98 33 
(11 M + 10 F) 
3 291 Adult Fastedt 19 56 70 690 29 F 26 64 114 
(10 M +9 F) 
4 1 52 Ageing Fed 21 59 511 87 32 M 32 84 485 
(14 M 4-7 F) 1 














* Adult animals are 3 months old, ageing animals are 14 months old (the obese had been reduced and re-fed twice) 


T Fasted animals have been deprived of food for 24 hr 


t The sign > indicates that the activity was considerably above 1,060 „units/ml 


53 fourteen months old agemg mice were used 
Body-weights were 54-59 gm for the obese mice 
and 25-32 gm for the non-obese The 21 agemg 
obese mice had been previously subjected to a 
regunen of alternating undernutrition (and weight 
loss) and ad hbwwm refeeding (and weight gam) 
It has been shown’ that the life expectancy of such 
animals is shorter than that of animals allowed 
to gam. weight without interruption 

l-ml mdividual blood samples were drawn under 
hght ‘Nembutal’ anssthesia from the vena cava or 
the maim thoracic vessels and rapidly centrifuged 
After a fow severely hæmolysed samples had been dıs- 
carded, the sera were pooled and stored overnight at 
5°C Serum glucose was determmed by the method 
of Somogyi—Nelson® 

For each bioassay, the subdivided epididymal fat 
pads of 3 test rats (200-250 gm Wistar males) were 
meubated with 2 ml pooled serum or recrystallized 
insuhn (Eh Lily batch 366368) diluted serially down 
to 1,000 and 62 uunits/ml with Krebs—Rimger 
bicarbonate buffer with 2 mgm /[ml gelatin added 
The glucose concentration of both buffers and sera 
was made up to 3 mgm jml contamig glucose-I-4C 
(0 2 uc per flask) In the case of the agemg obese 
mice the high serum glucose was left unchanged 
except for the addition of labelled glucose The 
temperature in the Dubnoff incubator was 37 6° C 
and the duration of meubation 2 hr The rather 
wide range of msuhn-hke activities m the pooled 
sera (Table 1) was probably due to the variability 
of whole batches of mice and to that of the test rats, 
the epididymal fat of which was used for the bioassay 
However, the bioassays of sera of obese and non- 
obese mice were always run m parallel, and with this 
i| mund, the results of the comparisons between 
obese and non-obese animals within the framework 
of each series appear highly significant (Table 1) 

Obese mice (except extremely aged animals) 
exhibited a higher circulatmg msuln-hke activity 
than non-obese Ths relationship held for fasted as 
well as for fed mice Only m the agemg obese 
mice with high serum glucose was circulating insulin- 
lıke activity lower than ın the non-obese animals 
of the same age 

It thus appears that the increase in circulating 
insulin-like activity in the obese-hyperglycemic 
mice previously postulated on the basis of mcreased 
insulin content and histological aspect of the pancreas 
has been confirmed! The hyperglycemia m these 
animals is thus not due to & primary lack of msulin- 
hike activity ın the blood as ıs the case m totally 
depancreatized dogs and cats and probably m young 
diabetics who require msulm for survival It seems 
analogous to untreated obese maturity-onset diabetes 


without ketonuria, shown to be associated with near- 
normal concentrations of msulm in the pancreas and 
probably near-normal fasting msulin-lke activity in 
the blood, mereasing afte. oral glucose The results 
also suggest that agemg animals may show a tran- 
sition from the obese-hyperglyczemic syndrome toward 
insulin depletion and that diabetes per se may be one 
of the causes of their premature death 
This work was supported m part by grants-m-aid 

from the John A Hartford Memorial Fund, the 
National Institute of Arthritis and Metabolism 
(Gr No 4-49), Pubhe Health Service, Bethesda, 
the Albert and Mary Lasker Foundation, New York, 
the Nutrition Foundation, New York, and the Fund 
for Research and Teachmg, Dept of Nutrition, 
Harvard We are grateful to Aelita Jurjevics for 
assistance 
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Effect of Polyphloretin Phosphate on the 
Suspension Stability of Red Blood Corpuscles 


PoLYPHLORETIN phosphate belongs to a group of 
enzyme inhibitors of relatively high molecular 
weight synthesized a few years ago! By phosphoryl- 
ation of phloretm—the aglucon of phlorizm—with 
phosphorus oxychloride under specific conditions a 
polymerization reaction occurred leadmg to a 
presumably cross-linked high-weight polymer 

This compound, which does not dialyse through 
a ‘Cellophane’ membrane, has a strong electro- 
negative charge and has been shown by ultra- 
centrifugation to have a molecular weight of about 
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Table 1 

Erythrocyte sedimentation rate 
Anticoagulant Amounts of polyphoretin phosphate 1n blood 
Type of blood sample (C, sodium citrate, PR a 
H, heparin) None 0 5 mgm /ml 1 mgm /ml 1 5 mgm /ml 2 mgm /ml 
ihr ihr 4hr lhr ihr ihr thr lhr thr lhr 
Human (fracture) e — 98 15 32 0 0 
» (op pept ulcer) H 50 87 28 81 0 0 
» (fractures) H 115 118 95 115 4 20 0 05 
» (hepatitis) C 50 92 4 9 
» T C — 68 — 42 0 
», (fracture) H — 122 35 70 0 0 
Horse (normal) H 60 92 11 87 2 3 








25,000 It was soon discovered that polyphloretin 
phosphate was a very strong mhibitor of various 
enzymes, for example, hyaluronidase Further mvestı- 
gations have shown that polyphloretm phosphate 
has several biological effects?? It decreases the 
permeability of serous membranes such as the 
peiitoneum and the pleura, when employed locally 
Recently, a general effect on the capillary permeabil- 
ity was established as polyphloretin phosphate was 
effective in preventing experimental cedemas in rats 
and gumea pigs! Investigations concerning the 
eventual effect of polyphléretm phosphate on the 
cedema in expermental burns are gong on? Durmg 
this mvestigation 1t was noted that those animals, 
which had recerved polyphloretin phosphate, did not 
show any, or but & minimal, sedimentation of their 
red blood corpuscles, as distinct from the controls 
This effect gradually dımmıshed but was again 
evident after a new intravenous mjection of poly- 
phloretin phosphate Numerous investigations have 
shown®” that high erythrocyte sedimentation rate 
is the result of intravascular aggregation of 
erythrocytes 

Prelmunary studies «n vitro of this disaggregating 
effect have shown that very small amounts of poly- 
phloretm phosphate (0 1-0 3 per cent) added to the 
blood of human subjects with high erythrocytic 
sedimentation rates more or less totally reduces this 
(Table 1) Presumably this effect 18 connected with 
the negative electrical charge of polyphloretin 
phosphate The blood plasma, mcluding the plasma 
coating on the surfaces of the red corpuscles, will be 
electrically charged, whereby the latter repel each 
other This observation, which will be further studied, 
may be of practical value as ıt 1s well known that 
many pathological conditions are associated with 
intravascular erythrocyte-aggregation. which reduces 
the circulatmg red cell volume and thereby tho 
oxygenation of various organs A practically 
seiviceable disaggregating drug has long been looked 
for, and as polyphloretm phosphate has a low toxicrty 
and ıs already im clinical use on other indications 10 18 
hoped that forthcommg investigations will prove it 
useful to combat intravascular aggregation m human 
subjects 
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A Rapid Method for studying Tumour 
Blood Supply using Systemic Dyes 


Tuis communication describes a method for 
makmg visible those regions of solid malignant 
tumours supplied with flowimg blood, if necessary, 
within a few seconds We have found that the blood 
in the interior of many tumours ıs not m eommunr- 
cation with the circulation, and that the only part of 
such tumours which receives flowing blood 1s a thin 
layer at the periphery, varymg m thickness from a 
few mullimetres to, in extreme cases, less than 
01mm 

Numerous investigations of tumour vascularity 
have been made by the mjection of various substances 
such as oil, indian ink and radio-opaque materiali? 
mto the vessels However, all these produce physio- 
logical changes such as spasms m the vessels, they 
are laborious, and they are quite unsuitable for sys- 
temue use on the living anımal. So far as these go, our 
present results are consistent with them A number 
of earher workers have imyected vital dyes for 
different purposes and recorded the late cellular 
uptake??, but did not mention the immediate 
intravascular distribution of dye Our method uses a 
high concentration of the triphenylmethane dye 
lissamine green (Gurr, Soc Dyers and Colourists 
Colour Index No 737) in the blood, which remains 
deep green for about 1 hr and turns the whole 
animal green, except where there are barriers The 
dye appears to be non-toxic, and 1s eliminated in the 
urme and bile withm 24 hr, and mice survived 
indefinitely after an mtravenous mjection of 20 mgm 
of the dye (1 ml of a 2 per cent dye solution m Ringer 
solution)—enough to give momentarily a blood 
concentration of 0 5 per cent and an average body 
concentration of 01 per cent ın a 20-gm mouse 
Tests showed that the dye was not decolorized by 
the tumour Luissamime green was chosen because 1b 
had been previously found by Goldacre (unpublished 
work, 1955) not to penetrate the living cell membranes 
and to be particularly suitable as a test for death m 
individual cells, bemg less toxic than trypan blue It 
was hoped to mark out the necrotic regions of the 
tumour with this dye, if the dye reached all parts 
of the tumour the necrotic regions would become 
deeply stained, and the livmg regions unstamed, as 
happens with the corresponding cell suspensions «n 
ro Instead, most of the tumours remained white, 
except for a green peripheral layer The surroundmg 
tissues became green, due to the green blood m 
them and green interstitial fluid derived from the 
blood 

The supposed superior vascularization of tumours 
over the surrounding tissues has been remarked on by 
many  authorsi-? The vigorous new vascular 
proliferation which occurs at the edge of rapidly 
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growing tumours is eventually appropriated by the 
infiltrating tumour, what happens to the captured 
vessels is not always made clear, though Ide et al? 
have observed, through a transparent window, & 
fading away of vessels m the tumour centre, and 
Rabbert?, Apolant®, Gerke’, Goldman! and Ewning!e 
remark that blood-filled cysts, cul-de-sacs, blood 
smuses, aneurism-like structures and obstructive 
arterial changes are a feature of some tumours 

Table 1 shows the extent of the blood circulation 
m 73 tumours of various kinds, based on inspection of 
the dissected tumours a few minutes after 0 5 ml of 
2 per cent lissamine green solution had been injected 
into the tail vem of the mouse, or 1 hr after 1 ml 
had been mjected mtraperitoneally (for rats eight 
times as much of the dye solution was used) , similar 
results were obtained with both methods It appears 
that about 10-12 days followmg transplantation of 
the four types of tumour mentioned, that 1s, when 
the tumours are about 1-3 em across, vascular 
obstruction occurs, confining the flowmg blood to a 
thin surface layer of the tumour Extensive regions 
not supphed with flowmg blood, with a thin coating 
layer supplied with blood, were also found in various 
large spontaneous and methylcholanthrene-mduced 
tumours of mdetermmate age Throughout the 
remainder of such a tumour ıt was striking to find 
vessels contammg bright red blood with mucro- 
scopically intact ied cells, though the blood ın the 
rest of the body was green, if the tumour was cut 
across (when the mouse was kept alive under 
anesthesia) it scarcely bled at all, except at the 
periphery Also noteworthy ıs the well-known 
difficulty of washmg blood out of tumours by per- 
fusion Similarly, dye mjected mto the centre of such 
2 tumour was still present, sharply defined along the 
needle track, 24 hr later, whereas if mjected into 
muscle ıt was rapidly dispersed 

The only other parts of an mjected mouse which 
were not green were the brain, the mterior of the eye, 
the material on the fetal side of the placenta (1f the 
mouse was pregnant) and to a large extent the testis, 
ovary and adrenal gland There did not seem to be a 
blood-tumour barrier comparable with the blood- 
brain barrier, since a similar distribution mn the tumour 


Table 1 





Age, in days, of tumours appearing 1n lissamine 
green test as 
Thick green 
periphery, small 
white centre 


Thin green 
periphery, large 
white centre 


Tumour 
All green 





Sarcoma 37 | 6 11,14 12*, 12*, 18, 20*, 

21*, 21, 25, 25, 

32* R, 32 R, 33 R, 
*R 


33, 42 





Mammary 6 10, 14, 14, 14, 15 
carcinoma 14, 


* R, 
14, 14*, 14*, 


19, 19, 20, 20, 20, 
24,84*,49 R, 42 R 
11, 13*, 14*, 16, 
18, 18, 18, 32, 32, 
32, 36, 36 


77, 11, 14, 14 





Ehrlich 


7, 8, 12, 12 
Landschutz 


6, 10, 12 

















Walker (rats) öt, 10, 10, 11, 13 








* In these tumours the green region was less than 0 5 mm thick 
over most of the surface (measured with the optical micrometer) , 
that 18, 16 out of 52 tumours ın the appropriate age-group had only a 
paper-thin covering of tumour tissue with effective access to flowing 
blood R indicates a regressing tumour 


+ Rapidly growing Chester Beatty strain, the remaining Walker 
veut were slower-growing transplants into a Stockholm strain of 
rats 
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wes found whether the dye mjected was a weak or 
strong acıd or base, or uncharged, or had large or 
small molecules, but some, such as neutral red and 
methylene blue, entered the bram 

This vascular obstruction, affecting the bulk of 
each medium-sized and large mahgnant tumour, 
seems to have mmportent beaimgs on tumour bio- 
chemistiy and physiology Previous ultra-violet 
absorption data!, and more recent enzymatic 
observations on transplanted tumours", have shown 
that we have to consider two mam. types of cell one 
1$ the young growing and multiplymg cancer cell at 
the extreme perrphery of sohd tumours and tumour 
cords, the other 1s a much larger cell typical of central 
but still vital tumour zones The latter ıs poor in 
cytoplasmic nucleic acids and also m enzymic 
activity, which perhaps to some extent could be due 
to oxygen deficiency and lack of nutrition The 
observed regional heterogeneity of tumour cells 
together with the wregular vascular pattern of 
tumours will thus more or less affect the interpreta- 
tion of biochemical and isotope-incorporation obser- 
vations obtamed at the usual macroscale Further, 
1b seems apparent that the lack of blood flow in the 
bulk of tumours may affect some attempts at immuno- 
and chemo-therapy of gold tumours Tumour cells 
on the inner edge of the green region would be exposed 
to a lower concentration of antibodies and chemo- 
therapeutic agents than the normal tissue cells 
Cells dissected out from the non-coloured tumour 
region were found to be dead, since they were instantly 
stamed with lissamme green, except when within about 
300p. from the green region, where mixtures of livmg 
and dead cells were found These implications will 
be discussed in a subsequent paper 

We wish to thank Prof Alexander Haddow and 
Dr L Révész for kmdly providing some tumour- 
bearing animals The mvestigation has been suppor- 
ted by institutional grants from the Jubilee Fund 
of King Gustaf V, the Swedish Cancer Society, and 
the Jane Coffin Childs Memorial Fund 


R J QOLDACRE* 
B SYLVÉN 


Ka olnska Institutet, 
Cancer Research Division of Radiumhemmet, 
Radiumhemmet, 
Stockholm 60 


ie address Chester Beatty Research Institute, London, 


1Goldman, B E , Beur Khn Chr, 72, 1 (1911) 

2 Bellman, S, “Mucroangiography”, Supp 102 (Acta Radwwlogwa, 
Stockholm, 1953) 

? Ludford, R J, Tenth Sc: Rep, Imperial Cancer Research Fund, 
169 (1932) Foulds, L , wid , 191 (1932) 

* Algire, @ H , and Chalkley, H W , in “A Symposium on Mammary 
Tumours in Mice", Pub No 22, 55 (Amer Assoc Adv Se, 
Science Press, Lancaster, 1945) 

5 Ribbert, H , Deutsch Med Wochenschr , 30, 801 (1904) 
“Das Karzinom des Menschen” (Cohen, Bonn, 1911 

* Apolant, H , Arb a d Kon Inst Exp Ther Frankfut am Main, 
1, 7 (1906) 

7Gierke, B , Beur zur Pathol Anat u allg Path , 48, 329 (1908) 

8 Thiersch, C , “Der Epithelialkrebs, namentlich der Haut Tine 
anatomische clinische Untersuchung mit einem Atlas micro- 
biologiseher Abbildungen von 11 Tafeln" (Wilhelm Engelmann, 
Leipzig, 1865) 

?Ide,A G,Baker,N H ,and Warren, S L,Ame J Roentgenology, 
42, 891 (1939) 

1 Ewing, J , “Neoplastic Diseases", 41 (Saunders, London, 1942) 

11 Caspersson, T , and Santesson, L , “Studies on Protein Metabolism 
in the Cells of Epithelial Tumours”, Supp 46 (Acta Radvologwa 
Stockholm, 1943) 

1 Sylvén, B , and Malmgren, H , “The Histological Distribution of 
Proteinase and Peptidase Activity 1n Solid Tumor Transplants”, 
Supp 154 (Acta Radvologica, Stockholm, 1957) 


See also 


No. 4679 July 4, 1959 


Electron Microscopical Structure of the 
Wall of Small Blood Vessels in Human 
Multiform Glioblastoma 


WHILE using the electron microscope to study the 
fine strueture of the small vessels surrounding central 
necroses, typical of multiform glioblastoma, endo- 
thelial proliferation and the presence of processes 
arising from the ‘basement membrane’ were observed. 
The fine structure of the latter differed essentially 
from that in normal vessels. The present observa- 
tions are in accordance with earlier light micro- 
scopical observations!.?, 

The material used consisted of four cases of multi- 
form glioblastoma and three cases yielding tissue of 
origin, namely, normal brain tissue. Specimens were 
fixed in osmic acid, and embedded in methacrylate. 
Ultra-thin sections were examined with a Philips 
EM 100 B electron microscope. 

The strueture of the basement membrane of the 
blood vessels in multiform glioblastomas (Fig. 3) 
differed from normal basement membrane (Fig. 1) 
in that it exhibited considerable variations in thick- 
ness, which was in the range 300-2500 A., and had a 
relatively irregular outline forming numerous branches 
extending deeply into and between the endothelial 
cells. The laminar structure of the basement mem- 
brane of the capillaries was largely dissolved. The 
basement membrane of the venules and arterioles 
showed similar alterations. In the wall of the latter 
the collagen fibres appeared to be detached from the 
elastic framework, so that the whole elastica interna 
exhibited an extremely loose structure; at certain 
places the basement membrane was very thin and 
incomplete and the endothelium consequently 
stretched (Fig. 4). 

The blood capillaries in multiform glioblastoma 
were generally characterized by a high degree of 
endothelial proliferation. The size of the nuclei and 
the amount of cytoplasm were increased (Fig. 2), as 
compared with capillaries of normal brain tissue. 
Furthermore, in some instances the lumen was com- 

letely filled with endothelial cells. The endothelial 
yers appeared to be continuous. Frequently the 
mitochondria in the endothelium were so densely 
ked that they were separated from each other only 
y thin membranes. The presence of processes with 
a layered structure in the endothelium and in part 
also between the endothelial cells was particularly 
striking where marked proliferation of the endothelial 
cells occurred, but less conspicuous elsewhere. The 
t findings seem to indicate that the intra- 
endothelial collagen does not originate in the endo- 
thelial cells, but in the external layers : the basement 
membrane or the elastica interna. The cells in the 
endothelial proliferation appeared to have lost their 
polarity. When the lumen became markedly narrow 
or totally occluded, the augmented pressure in the 
blood-vessel may have resulted in dilatation of the 
vessel on the proximal side of the occlusion, that is 
to say, on the side of the inflowing blood-stream, 
where the basement membrane or the elastica interna 
already was defective. This appears to be the mech- 
anism in the development of irregularities and 
especially of the numerous small aneurysms char- 
acteristic of multiform glioblastomas. 

Some of the cells in the pericapillary region were 
in intimate eontact with the capillary walls through 
organelles resembling the Golgi apparatus. In these 
sites the basement membrane showed a more reticular 
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Fig. 1. Basement membrane (BM) of blood vessel in normal brain 
tissue, A longitudinal layer in the margins and a radially organ- 
ized lamellar structure in the middle. x 45,000 


Fig. 2. Hypertrophy and proliferation of endothelial cells (EC) 

in capillary wall of a glioblastoma. Pericapillary zone (PZ). 

Left: mitochondria (M) at the margin of an astrocytic end-foot 
(AE). Right: an ‘additional cell’ (4C). x 5,000 


Fig. 3. BM of a capillary in a glioblastoma. Irregular outline 
and varying diameters. The structure is more vesicular than 
lamellar (cf. Fig. 1). x 45,000 


Capillary with an extremely thin and incompletely 
developed BM. x 7,400 


Fig. 4. 


strueture. In close vicinity to the capillaries, between 
them and the necroses, numerous erythrocytes and 
lymphocytes with granular cytoplasm were seen, a 
finding often reported in conventional microscopic 
investigations of glioblastomas. In contrast to the 
capillaries in normal brain tissue, a large part of the 
capillaries of glioblastomas had a pericapillary zone 
of lower density. 

The electron micrographs of normal vessels (con- 
trols) confirmed previous observations. In addition, 
the present findings of the structure of the normal 
basement membrane were corroborated by polariza- 
tion microscopic observations?. 

Further results will be published later in another 
connexion, with special reference to the fine structure 
of the wall of the small vessels in other gliomas and 
in metastatic tumours. 

This work was supported by a research grant from 
the University of Helsinki. 


S. H. M. NYSTRÖM 


Institute for Electron Microscopy, 
University of Helsinki. 
March 22. 
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Potentiation of Contractions after Rest 
in the Isolated Rat Ventricle 
Preparation 


Posr-nEsT potentiation describes the transient 
increase in the amplitude of contractions which oceurs 
after a short period of rest in heart muscle. 

This communication describes factors which in- 
fluence the production of this augmented response 
in the electrically stimulated rat ventricle preparation ; 
particularly some variations of the ionic composition 
of the medium. 

The degree of potentiation was determined by 
measuring the amplitude of the first augmented 
response after the rest period, and expressing this 
as a percentage of the amplitude of the steady-state 
contractions (12/min.) preceding the rest period. 
Many modifications of the basic medium! were made, 
some of which necessitated changes in total ionic 
strength. Tonicity, however, was controlled with 
sucrose. 

The degree of potentiation was found to increase 
when the rest period between two contractions was 
increased (see Fig. 1). This finding is in accord with 
the decrease of the contraction amplitude in response 
to an increase of the stimulation frequency. It 
follows that the steepness of the ‘negative staircase’ 
is proportional to the frequency after the rest pause. 


2 
70/mn 
x 32/min 
Ifin 
100 


60 120 180 Sec 


Fig. 1. Graphs plotting the degree of post-stimulation potentia- 

tion against : (4) duration of rest period; three frequencies of 

stimulation during the 2-min. conditioning periods are compared ; 

(H) duration of the conditioning or *work' period; stimulation 

frequency, 70/min. during so aonne period; rest pause, 
mtn. 


An augmented contraction response followed by 
eontractions of decreasing amplitude was produced 
after rest at all temperatures over the range 22-38* C. 
(compare Katzung and Farah?) A reversal of the 
‘staircase effect’ could not be produced after rest by 
varying the temperature or by varying the caleium 
concentration. This is in contrast to the findings 
in turtle heart? and frog heart?. 

Conditioning periods of increased activity have been 
reported to alter the degree of potentiation’, This 
relationship between previous activity and poten- 
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Table 1 





Effect on 


steady-state Effect on potentiated 





Medium contractions contractions 
(per cent) 
8:8 mM KCI + 20 slight inerease* 
10:0 mM KCI none none 


2-95 mM KCI | —20 to —35 | slight deerease* (in contrast to 
increase noted by Penna and 


Garb (ref. 5) ) 











7:8 mM CaCl, | upto +90 | marked decrease or abolition 
1:3 mM CaCl, —60 slight increase* (confirms Penna 
and Garb (ref. 5) ) 
180 m.M Na* —25 to —35 | slight increase* 
93 mM Nat + 40 decrease or abolition (see Fig. 2) 
80 mM Nat none abolition 








* Differences between potentiation in Krebs's medium and in experi- 
mental medium not statistically significant. 


tiation has been confirmed (Fig. 1). The degree 
of potentiation after a rest pause has been found 
to be related to (a) the duration of the rest pause, 
(b) the frequency of stimulation preceding the rest 
pause, and (c) the duration of the period of stimulation 
preceding the rest pause. 

In contrast to several reports, it was found that a 
single extra systole or premature contraction did 
not induce further potentiation after a rest pause. 
These contradietory findings might be explained by 
variations in the composition of the media. 

Analysis of the isometric twitches occurring during 
the ‘negative staircase’ suggests that prolongation of 
the active state is not the cause of potentiation after 
rest in the rat ventricle preparation. Acetylcholine, 
eserine and atropine were without effect upon both 
potentiated and steady-state contractions. 

The influence of ions upon tbe potentiation of 
contractions is summarized in Table 1. Although 
decreasing the sodium or increasing the caleium 
concentrations in the medium produces an increase 
in the amplitude of steady-state contractions of 
heart muscle, it has now been shown that such ionic 
alterations also markedly reduce or even abolish 
the potentiation of contractions after rest. This 
finding lends support to the view that “‘the augmenta- 
tion process differs fundamentally from the regular 
contractile process’’®. 

The experimental results support the suggestion 
that the accumulation of a hypothetical ‘potentiating 





145 mM Nat 


93 mM Nat 


Fig. 2. Records showing the absence of post-stimulation potentia- 
tion in ‘low NaCl’ medium. Stimulation frequencies per min. 
during conditioning periods are marked, Time intervals, 1 min. 
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substance’ (hexose monophosphate’ or noradrena- 
line’) is responsible for potentiation of contractions*.*, 
Since ionic changes are known to occur and remain 
for some time within muscle cells as a consequence 
of increased activity, these might influence cellular 
metabolism at the enzyme level or might act at 
specific sites on the cell membrane, and thus bring 
about, either directly or indirectly, potentiation 
of contractions. In the presence of a reduced external 
concentration of sodium or increased calcium, the 
ionie conditions necessary for the production of the 
potentiation are not present. 


R. L. SPEIRS 


Department of Physiology, 
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London. 

April 20. 
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Positive Inotropic Activity of Cytidine 
Triphosphate 


ALTHOUGH nucleotides other than those of adenyl 
origin have been isolated from muscle!, physiologists, 
when considering the events associated with the 
contraction-relaxation cycle, have assigned a dominant 
role to the adenosine derivatives—in particular to 
adenosine triphosphate*. It was therefore interesting 
to note that cytidine triphosphate exerted a marked 
positive inotropie action on isolated perfused toad 
hearts. 


A perfusion apparatus and experimental technique, 
developed to record continuously the metabolic and 
physiological changes associated with drug action 
on the spontaneously beating toad heart (Bufo 
marinus), have been described previously?. In this 
study the apparatus was used without modification 
and the observations described were obtained from a 
series of eight hearts perfused at 25-0? C. before and 


t$ 
e 
Maximum pare 
(mm. 11,0) 


EL 


Porcentage change 
in oxygen uptake 


200 


100 = 





1200 30 60 90 120 
Time (min.) 


Fig. 1. Effect of cytidine triphosphate (10 pgm./ml. final concen- 

tration) on drops ejected per beat (14), beats per min. (1B), 

maximum aortic pressure (1C) and oxygen uptake (1D) of the 

isolated heart. Men results of eight eg reg are displayed 
and cytidine triphosphate added at the arrow 
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Fig. 2. Kymograph record showin positive inotropic effect of 
s cytidine 5 Hiyaa ajo (10 éco Bp final Brei ea iem 


following the addition of cytidine triphosphate 
(sodium salt) to give a final concentration of 
10 ugm./ml. The gaseous medium was oxygen, and 
observations of beat-rate, drops per beat, maximum 
aortic pressure and rate of oxygen uptake were 
recorded at 15-min. intervals, except during that 
period immediately following the addition of eyti- 
dine triphosphate, when 3-min. observations were 
made. 

The results obtained are summarized in Figs. 1—4. 
In Fig. 1 it can be seen that cytidine triphosphate at 
the above concentration produced an increase in the 
number of drops per beat (Fig. LA) which was associ- 
ated with a raised maximum aortic pressure (Fig. 1C) 
and an augmented rate of oxidative metabolism 
(Fig. 1D). A transient bradycardia, followed by a 
slight tachycardia, accompanied these changes (Fig. 
1B). 

The increased maximum aortic pressure noted 
was paralleled by an augmented force of ventricular 


e 


50 


Change In work (per cent) 


0 39 60 90 120 
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, Control; —O—, cytidine triphosphate 





Fig.3. Mean results of eight experiments showing effect of cytidine 
triphosphate (final concentration, 10 pgm./ml.) on useful work 
done by the heart.  Cytidine triphosphate added at arrow 


AX 


or = 





Fig. 4. Electrocardiograph tracing from perfused heart imme- 
diately before and 2 min. after tion of cytidine triphosphate 
(10 ugm./ml.). Note change in ‘S7” segment 


contraction recorded by the conventional kymograph 
method (Fig. 2). 

Correlation of the results shown in Fig. 1 provides 
an index of the useful work done by the 
heart, and in Fig. 3 it can be seen that cytidine 
triphosphate signifieantly increased this work-output- 
level. 

In general, the positive inotropic effect of cytidine 
triphosphate described above resembles that previ- 
ously recorded following the addition of glycosides 
and 9-a-fluorohydrocortisone to similar prepara- 
tions*^) for both involve increased work output 
levels associated with augmented rates of oxidative 
metabolism. This similarity raises the question as to 
whether nucleotides other than those of adenyl 
derivation are involved in the positive inotropic 
action of cardiac glycosides and whether or 
not these other nucleotides may play a part in the 
transfer of energy during normal contraction and 
relaxation. 

The rapidity with which the effects of cytidine 
triphosphate appear and the deformation of the 
‘ST’ segment of the electrocardiograph which 
accompanies the response (Fig. 4) indicate the prob- 
ability that surface activity is involved. Such a 
site of action may be linked with Kirschner’s sugges- 
tion that phospholipids play a part in regulating 
ionic exchange rates across cell membranes*", since 
eytidine-containing compounds are involved in the 
synthesis of phospholipids. 

The expenses of this investigation were defrayed 
by a grant from the Life Insurance Medical Research 
Fund of Australia and New Zealand. 


WiwiFRED G. NAYLER 
Marian MeCurrocH 


Baker Medical Research Institute, 
Melbourne. 
April 23. 
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An Inhibitor of Cytochrome Oxidase Activity 
in the Sea Urchin Egg 


Previous work in this laboratory}? has demon- 
strated the presence of a highly active cytochrome 
oxidase in the isolated mitochondria of unfertilized 
sea urchin eggs. This activity is only 25 per cent 
lower than that of the mitochondria of the newly 
fertilized egg and up to the blastula stage*. No 
cytochrome oxidase activity has been found other 
than in the mitochondria'?. On the other hand, it is 
known that the oxygen consumption of the unferti- 
lized sea urchin egg is quite low ; fertilization restores 
a normal respiratory level which increases contin- 
uously during the early development (for a discussion, 
see ref. 4). The suggestion was then made? that in the 
unfertilized egg an extra-mitochondrial respiratory 
inhibitor might be present whieh would be removed 
somehow upon fertilization. 

In this communication we wish to report the 
results of experiments indicating the presence of an 
inhibitor of the cytochrome oxidase activity in the 
unfertilized egg. 

Homogenates in sucrose or 0-01 M phosphate at 
pH 5-0 of unfertilized and fertilized jelly-free eggs of 
Paracentrotus lividus (freshly collected or lyophilized) 
were centrifuged at 12,000g for 10 min. ; the super- 
natant was then centriffiged at 105,000g for 60 min. 
The inhibitory activity of the supernatant (called 
‘cytoplasmic supernatant’) was assayed in a system 
as indicated in the legend of Fig. 1. Mitochondria 
were prepared from sucrose homogenates of unfer- 
tilized and fertilized eggs or from rat or mouse liver as 
described previously?^. Since the inhibitory effect 
was manifested equally well on either sea urchin or 
mammalian mitochondria, the latter were then used 
routinely in our assays in order to have a more 
constant system. The cytochrome oxidase was 
assayed in a conventional Warburg apparatus'?, 


Inhibition (per cent) 


FERT.10 MIN. 





0:4 0:8 12 


Cytoplasmic supernatant (ml.) 


Fig. 1. Inhibitory effect of the cytoplasmic supernatant of 
unfertilized and fertilized eggs of Paracentrotus lividus on the 
cytochrome oxidase activity of mouse liver mitochondria, Each 
vessel contained in the final volume of 3-0 ml. : 0:2 ml. of mito- 
chondria suspension ; cytochrome e; 304M 
sodium ascorbate; 0:033 M phosphate buffer pH 7:4; 0:2 M 
sucrose ; Me seme supernatant as indicated (in the present 
experiment both supernatants had a concentration of 1:35 mgm./ 
nitrogen/ml,). Controls with 


c supernatant of mouse 
liver 
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Fig. 1 shows the striking inhibitory effect on the 
_.eytochrome oxidase activity of the cytoplasmic 
“supernatant of unfertilized eggs, whereas in that 
' prepared from eggs collected 10 min. after fertilization 
_ the inhibitory effect is much lower. In the cytoplasmic 
"supernatant of eggs prepared 1 hr. after fertilization 
the inhibitory activity is negligible. After dialysis, 
the inhibitor has been. quantitatively recovered in 
lysate (after concentration by lyophilization) 
thus indicating a low molecular compound. The 
inhibitor is quite stable in the acid-range (and, in fact, 
an be extracted fully active by 5 per cent trichlor- 
etic or perchloric acid), whereas it is destroyed by 
alinization. The activity is almost completely 
abolished also by heating at 95° C. for 30 min. A 
eliminary purification of the inhibitor has been 
achieved by passing the crude concentrated dialysate 
neutral pH through a ‘Dowex 50’ column in the 
ammonium-cycle. The inhibitor is thus quantitatively 
recovered in the effluent still contaminated by a few 
mino-acids but free of substances absorbing in the 
ultra-violet range between 250 and 280 mu. 



























ijo x 108 





2 4 8 


(M x 107) 
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o Fig.2. A Lineweaverand Burk plot of 1/v (v, ul. oxygen/hr.] 

agni. protein) against 1/5 (S, concentration of cytochrome cj ). 

cat, Control; b, with 0-25 ml, ofinhibitor; c, with 0-5 ml. ofinhib- 

itor prepared as described Fh thig Te Other conditions as in 
ROSE ig. 








Using this. partially purified fraction we have 
btained evidence for the competitive type of the 
nhibition, as is indicated in Fig. 2. Furthermore, 
ectrophotometric assays using isolated mitochond. 
ial membranes* as a source of eytochrome oxidase 
gest that the inhibitory action may affect the 
chrome oxidase itself. Work is in progress 
ing at the identification and isolation of the 
tor and examination of the process of its 
vation following fertilization. 

work has been supported by grants from the 
ckefeller Foundation and the Consiglio Nazionale 
delle Ricerche. 
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Extended Dormancy of Deciduous Woody 
Plants treated in Autumn with Gibberellic 
Acid 

WEAVER! has shown that autumnal application of 
gibberellin prolongs dormancy of Vitis vinifera shoots 
in the following spring. We? recently reported that 
application of gibberellic. acid in late summer and 
autumn delayed leaf-fall of several woody species ; 
further observations on these plants this spring have 
shown that in many of them dormaney was prolonged. 
Thus this unexpected response to gibberéllins may 
not be uncommon. ; 

In our experiments gibberellic acid was sprayed on 
as a 50 ugm./ml. aqueous soution. Fifteen weekly. 
applieations were made between mid-August and 
late November, 1958. Little or no after-effect was 
noticed when growth recommenced this spring in the 
following species: Acer rubrum, Castanea sativa, 
Parthenocissus tricuspidata, a Rhododendron x molle 
cultivar, Taxodium distichum and Ulmus procera. 
This list ineludes nearly all those species which 
showed no response in autumn to the gibberellic acid 
treatment but, in addition, two species where leaf-fall 
was delayed (P. tricuspidata and the Rhododendron 
hybrid) and the one species in which leaf-fall was 
accelerated (T. distichum). 

Bud-break was delayed by 1-3 weeks in the follow- 
ing species: Acer pseudoplatanus, Betula verrucosa, 
Fagus sylvatica, Fraxinus excelsior and Sorbus 
aucuparia. Many buds and branch-tips of B. verrucosa 
were killed; we believe that this was due to frost 
damage of young growth induced by gibberellie acid 
in the previous autumn. In Liriodendron tulipifera; .— 
bud-break was more or less simultaneous on treated 
and untreated branches, but leaf-expansion was much. 
slower on the treated branches. 

The most striking effects were seen on Prunus 
avium. Here gibberellic acid had little effect on purely 
vegetative buds, but flower buds were profoundly 
affected. Most flower buds have remained completely 
dormant—indeed many are dead. Others have pro- 
duced distorted or much-reduced flower clusters 
several weeks after untreated branches had flowered. 
On branches on the edge of the sprayed area, which 
probably received reduced doses of gibberellic acid 
as spray drift, flowering was delayed by about three 
weeks, though the flowers formed were in all other 
ways normal. 

Of the species showing prolonged dormancy, one 
(F. sylvatica) showed no response to gibberellic acid 
in the previous autumn. Thus prolongation of 
dormancy is not necessarily a consequence of, or 
associated with, delayed onset of dormancy in the 
autumn, These results support Weaver’s view! that 
properly chosen treatments with gibberellin in the 
autumn might usefully be employed to delay flowering 
in the following spring, in areas where frost damage is 
a hazard of fruit cultivation. 







P. W. Brian 
J. H. P. Perry 
P. T. RICHMOND 


Akers Researeh Laboratories, 
Imperial Chemical Industries, Limited, 
Welwyn, 

Hertfordshire. 

May 25. 


1 Weaver, R., Nature, 183, 1198 (1959), 


? Brian, 5} W., Petty, J. HE. P., and Richmond, P. T., Nature, 188, 58 
(1959). 
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BIOLOGY 


A Suspected Virus Disease of the Citrus Red 
Mite Panonychus citri (McG.) 


A pISEASED condition of the citrus red mite, 
Panonychus citri (McG.), was first observed in material 
collected dear Oxnard, California, in 1958. Experi- 
mental proof that the disease was transmissible 
was obtained by two methods: first, by transferring 
healthy mites to lemons bearing a diseased culture, 
and secondly, by spraying an aqueous suspension, 
prepared from ground-up diseased mites, on to 
healthy mite colonies. In each case the healthy 
Many diseased mites 


mites developed infection’. 





À i 4 
Fig. 1. 





Fig. 2. 

with phosphotungstie acid, adjusted to pu 7. 

six-sided contour which suggests they may be icosahedra, 
showing a darker centre are partially empty. (x 


160,000) 


Virus-like particles from an aqueous suspension of diseased mites. ( » 





Similar particles to those in Fig. 1, but negatively stained 
The particles have 
The particles 


July 4, 1959 VoL. 184 


become paralysed with the legs stiffened ventrally. 
Diarrhoea sometimes occurs and mites may be found 
dead with the anal end fixed to the feeding surface 
by fecal material. 

Since no disease agent visible by optical methods 
could be detected, an intensive study with the electron 
microscope was made on the assumption that a virus 
might be concerned. 

At first, ultra-thin sections of diseased and healthy 
mites were examined without any conclusive results. 
The next attempt was to try to isolate a virus ; aqueous 
suspensions of diseased mites were made and clarified 
by differential centrifugation, the final spins being made 
at 36,000 r.p.m. (110,000g) on a ‘Spinco’ centrifuge. 
From three separate suspensions of material which 

had proved infective, a character- 
virus-like particle was ob- 

The results obtained from 
a similar suspension of healthy 
treated in the way, 
were quite different. Whereas in the 
case of the infective fluid, virus-like 
particles were present in large num- 
bers in every grid squere, suggesting 
at a rough calculation 5 million 
particles/ml., it took several hours of 
hard searching to find three or four 
similar particles in the control fluid. 
This may suggest the presence of a 
small quantity of latent virus infec- 
tion in the healthy mites. In a second 
control suspension no virus particles 
could be observed. 

Fig. 1 is an electron micrograph 
of the particles, shadowed with 
palladium gold ; the particle is very 
small and measures about 35 milli- 
microns in diameter. The magnifica- 
tion is 60,000. Fig. 2 shows 
similar particles stained with phos- 
photungstic acid at a magnification 
of x 160,000. Note the six-sided 
contour* and that four of the part- 
icles appear to be empty or partly 
empty?*. 

This is the first record, so far as we 
are aware, of a virus disease in the 
Arachnida, and it suggests that 
viruses exist in other classes of organ- 
isms in which none has yet been discovered. 
That this disease might prove useful in the 
control of a serious citrus pest has already been 
indicated'. Whether it can be induced to 
attack other species of red spider (spider mites) 
in the United States or in Britain remains to 
be proved. 


istic, 
served. 


mites, same 


60,000) 





KENNETH M. SMrTH 
G. J. HILLS 
Agricultural Research Council 
Virus Research Unit, 
Huntingdon Road, Cambridge. 
F. MUNGER 
J. E. GILMORE 
Entomology Research Division, 
Agricultural Research Service, 
Whittier, California. 


! Munger, F., Gilmore, J. E., and Davis, 
Citrograph., 44 (6), 190, 216 (1959). 

a * Williams, R. C., and Smith, K. M., Diockim. Biophys. 
Acta, 28, 464 (1955). 

? Smith, K. M., Parasitology, 48, 459 (1958). 


W. S., Calif. 
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Stomach Contents of Spawning Quinnat 
Salmon 


QuiwNaAT salmon (Oncorhynchus — tschawytscha) 
normally spend up to à year after hatching in fresh 
water before migrating to sea as smolt. "They stay 
at sea until mature, in three to four years time, then 
they usually cease feeding and migrate up the rivers 
to their spawning grounds.  Quinnat salmon are 
reported to spawn once only, dying without feeding 
again after spawning. 

On May 5, 1957, I assisted in the examination of 
some spawning quinnat salmon in the Harrison Bight 
Stream, a tributary of Lake Heron, New Zealand. 
L. Heron contains ‘landlocked’ quinnat salmon, but 
is also accessible to sea-run fish. Forty-three fish 
were examined, of which only four had anything in 
their stomachs. Of these four, one had some of the 
aquatic plant, Potamogeton, in its fore-stomach and 
the other three had each a young quinnat salmon. 

The three which contained fish were spent dead 
males of 93, 10 and 10} Ib. weight. The lengths of 
the young quinnat salmon after preservation in 
formalin were 5:3, 6-3 and 6-9 in. These young fish 
. were all males with hypertrophied testes, as shown in 
Fig. l. There was little sign of digestion ; two were 
slightly decomposed or digested in the head region, 
otherwise the skins were intact. 


SOS NA rege et ar — 7: o6 





Fig. 1. Young quinnat salmon taken from stomachs of spawning 
nnat salmon. Body-wall of top fish removed to show hyper- 
trophied testes 


One of the young quinnat salmon contained ten 
quinnat salmon eggs in its stomach, the others con- 
= Dominance and hierarchy formation have been 
observed in groups of most salmonids'. Movements 
involved in feeding and in aggressive nipping by 
quinnat salmon are almost identical*, Also it is 
known that vigorous chasing between quinnat salmon 
occurs on the spawning redds. Hence, it is suggested 
that the young quinnat salmon were swallowed while 
being chased away from the redds by the larger fish. 

The faet that the young fish appeared to have been 
feeding normally suggests that fasting and sexual 
maturity are not necessarily concomitant in male 
quinnat salmon. 

Thanks are due to Prof. E. Percival for his advice. 

J. S. BULLIVANT 
New Zealand Oceanographic Institute, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 
1 Stringer, G. E., and Hoar, W. 8., Canad. J. Zool., 33, 148 (1955). 
* Bullivant, J. S., thesis, University of Canterbury, N.Z. (1958). 
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Local Races in Lugworms (Arenicola 
marina (L.)) 


THE spawning of Arenicola marina (L.) on the 
shores of the British Isles occurs during the last three 
months of the year, but within these limits there are 
striking variations of spawning time from place to 
place. Each local population of lugworms appears to 
have a characteristic spawning period which occurs 
at much the same time every year (Duncan, Proc. 
Zool. Soc., in the press). The differences in the dates 
of spawning may indicate a tendency towards genetic 
variation between different populations ; they would 
also encourage such differentiation. There are, of 
course, environmental differences between beaches 
which may influence the time of spawning, but it is 
difficult in this way both to account for the observed 
similarity of the spawning periods of lugworms at 
Dale Fort, Wales, and Whitstable, Kent, and for the 
fortnight's difference in the spawning of worms living 
as close together as Port St. Mary and Derbyhaven 
in the Isle of Man. 

Lugworms are sedentary animals which spend most. 
of their lives in their burrows. They are capable of 
swimming, and previous records of lugworms seen 
or caught in the seat or of beaches emptied of lug- 
worms being re-populated in a short time*? suggest 
that they carry out migrations, particularly in winter", 
away from the colder, higher-lying parts of the beach 
and in the spring* which may be a di move- 
ment. Such journeys are likely to be confined to their 
own or adjacent beaches unless there are strong tidal 
currents along the coast flowing close inshore. The 
fertilized egg sinks in sea water and the larva lives on 
the surface of the sand attached to sand grains ; 
there are therefore no special provisions for widespread 
dispersal. Lugworms are not restricted to the littoral, 
but how far seawards they extend is not known. Often 
a change from sandy to rocky terrain limits the 
seaward distribution, but where a sandy bottom links 
two apparently separated sandy shores, it is possible 
that a sub-littoral stock may connect the two 
populations, and it appears likely that the lugworms 
of the British Isles exist in many nearly isolated 
populations, with only slight possibilities of inter- 
breeding. Such a situation is clearly conducive to 
produeing differentiated local races. It may therefore 
be of interest to note the following differences between 
populations. in characters other than spawning 
period, which were observed in the course of my 
work. 

The mean sizes of the spawning adults from 
different populations are given in Table 1 and show a 
very wide range, that for Llanfairfechan being eight 
times greater than that for Cullercoats. The spawning 
samples also showed considerable differences in their 
colour (Table 1). Apart from a tendency to darken 
with increase in size and age, the causes of these 
colour differences, whether environmental, physio- 
logical or genetical, are not known. There is a very 
small difference in the size of ripe colomic germ cells 
from lugworms of different localities (Table 1). The 
difference appears to be a real one, particularly for 
the oocytes (90 per cent of the healthy oocytes from 
ripe females from Port St. Mary were 170u in diameter 
and only 5 per cent either 180u or 190g). There is no 
correlation between the mean size of the worms and 
the size their germ cells usually attain, as one would 
expect to find if availability of food in different 
beaches was a determining factor. There appear to 
be differences in the age and size at which Arenicola 




















‘Table 1. THE Mosr FREQUENT Size OY RIPE COELOMIO GERM CELLS, 
MEAN SIZE OFAWORMS AND PROPORTIONS OF THREE COLOUR PHASES 
IN FOURTEEN BRITISH POPULATIONS OF Arenicola marina IN 1951 


























i H i i 
| | Mean | | 
| Size of | Size of | size of Percentage of i 
| oocytes | sperm | adult | coloured worms : 
t | adul d d 
ne) plates | Worms Light Dark Black 
| Q)* | (em. | red — red | 
| Llanfairfechan | 180-190 | 80-100 | s3 | 23 31 46 | 
| Belfast foo foe | ze 5 7 2% | 
8t, Andrews | 180 80 | 65 | 74 26 0 
Whitstable | 170 | 110 | 6-0 20 62 18 
Dale Fort ji 180 | 80 | 52 | 87 12 1 | 
Rum Bay | 170 | 80 i 49 | Il 18 7i i| 
“| Aberffraw 180 80 | 46 44 45 ll | 
Millbrook a _ 44 4 25 71 
-| Millport 170 80 4:1 33 42 25 
| Derbyhaven 170 80 3:3 27 54 19 
Port Erin | (dac 22 | 8 30 15 
| Port St. Mary | 70 | 80-90 | 20 25 64 11 | 
| Strandhall | — — | 18 28 51 26 | 
| Cullercoats EP ee = | 11 | 9 4 6 | 
Whitstable — | l | 
| (Newell, 1048)| 190 —j—jdj— — — | 
| Lancashire i i | | 
| (Ashworth, | | i | i 
| 1904) | M0 | 80 | | | 
i | j | | 





* The worms containing these germ cells were collected just before 
spawning and were preserved in 4 per cent formalin, so that the 
measurements are comparable, 


larvee from different localities attain certain stages in 
their development (Table 2). On the whole, larve 
from Kent and the Isle of Man take longer to attain 
each developmental stage and there is variation in the 
sizes of larva at the same stage in development. The 
initial size of the ripe oocyte perhaps influences the 
size of the developing larva. Moreover, there was a 
small anatomical difference : all larvæ from the Isle 
of Man older than 10 days after fertilization possessed 
a prototroch with both long and short cilia, whereas 
these cilia are of uniform length in Blegvad's and 
Newell’s figures of Danish and Kentish larve. 

The evidence just presented is perhaps not impres- 
sive. as evidence for the existence of local races in 
A. marina. The differences in size of ripe germ cells in 
different populations is very small, the sizes and ages 
of Danish larve and those from the Isle of Man are 
based upon animals reared in the laboratory and not 
under normal conditions, and the effects of environ- 
mental factors such as availability and nature of food 
upon the size and colour of lugworms have not been 
studied. There are, however, other differences among 
various populations which may be significant. Wells* 
examined 94 anomalous specimens of A. marina 
collected by Ashworth between 1908 and 1930 from 
two widely separated localities, the Firth of Forth and 
the Firth of Clyde, and found considerable variation 
in several structural features ; in fact the structural 
variation was such that he states that "charaeters 
which distinguish Arenicola glacialis from typical 
A. marina appear to be such as might turn up in 
anomalous A. marina". He therefore proposes that 


"Table 2. A COMPARISON OF THE AGES (IN DAYS AFTER FERTILIZATION ) 
AND LENGTHS (IN MM.) OF FOUR LARVAL STAGES OF Arenicola marina 
IN DIFFERENT LOCALITIES 


























i 
Nyborg, | Whitstable, | Danish 
Larvalstage Denmark, Kent Flats | Isle of Man 
(ref. 7) (refs. 3 (ref. 9) 
| and 8) | 
| Ciliated larva 4th day Ath day | — 7th day | 
l (=) 024) | (— (017) | 
| First chaet. 6th day — b 15th day | 
| segment C—) | — MEC (0-29) | 
| Second chaet. 8th day | i4thday | = 20th day | 
| segment | G) | 0:28) | ee) (0:30) | 
Third ehaet. | 11th day | 8weeks | | = | 
segment | (0-248) | (0:33) ; (0-4) (C— | 
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A. glacialis be given subspecific status as A. marina 
glacialis Murdoch. For comparison, Wells examined 
in 1956 samples of the present-day populations of 
lugworms from these two localities, and found that 
about 4 per cent of the worms from the Firth of Clyde 
showed anomalies in segment number and about 
20 per cent of the worms from the Firth of Forth 
showed reduction in the annulation between not only 
the second and third chetigerous segments but also ` 
between the third and fourth. Such reduced annula- 
tion of the anterior segments was also found in some 
of the littoral populations examined during the 
present work although in much smaller proportions 
(ref. 6, p. 403). Such structural differences, if genetic, 
would be likely to appear among populations isolated 
geographically and with different breeding periods. —— 
A. DUNCAN 

Royal Holloway College 
(University of London), 
Englefield Green, Surrey. 

March 23. 
! Meek, A., and Storrow, B., Ann. Mag. Nat. Hist., 9, 14 (1924). 
? Thamádrup, H. M., Medd. Komm. Havundersag., Kbh., 10, 2, 1 (1935), 
2 Newell, G. E., J. Mar. Biol. Assoc. U.K., 27, 584 (1948). 
* Werner, B., Helgoland wiss. Meeresunters., 5, 93 and 359 (1954). 
$ PAY G., and Newell, GE, J. Mar. Biol. Assoc, U.K., 98, 627 
* Wells, G, P., Proe. Zool. Soc., Lond., 199, 397 (1957). 
* Blegvad, H., Vidensk. Medd. dansk. naturh. Foren. Kbh.. 78, 1 (1923). 
* Newell, G. E., J. Mar. Biol. Assoc. U.K., 28, 635 (1949). 
? Smidt, E. L. B., Medd. Komm. Havundersog. Kbh., 11, 6 (1951). 


In vitro Culture of the Inflorescences, 
Flowers and Ovaries of an Apomict, 
Aerva tomentosa Forsk. 


Ix recent years several attempts have been made 
to culture the ovules! and ovaries? of some angio- 
sperms. While there has been considerable success 
in raising viable seeds in test-tubes from normally : 
fertilized ovaries’, the results have not been so 
encouraging when unfertilized avules*^ or ovaries are: 
cultured. The present communication outlines the 
results of my experiments on an apomictic species, 
Aerva tomentosa’. 

The plant is dioecious and male plants are extremely 
rare in Nature. The female flower possesses 5-8 
perianth lobes enclosing a monocarpellary ovary and 
8-10 staminodes. 

Three types of cultures were maintained : excised 
ovaries, flowers, and pieces of spikes.  Nitsch's* 
medium was used with sucrose as a carbon source. 
This was also supplemented with vitamins and various 
growth substances, 

Ovaries (220u in diameter) cultured at the mega- 
spore mother cell stage in the basie medium yielded 
20 per cent fruits. However, the fruits were smaller, 
being only 550p in diameter as compared to the 
normal diameter of 1,100u, and the seeds were 
abortive. Larger ovaries at the megaspore mother 
cell stage having a diameter of 4401. gave 40 per cent 
fruit set, but again the seeds were empty. On 
supplementing the basie medium with vitamins and 
glycine (supplemented medium) the fruit set increased 
to 50 per cent and the size was comparable to that 
attained in vivo (1,1004), but only the seed coat 
developed normally and an embryo was absent. 
Gibberellin (10 p.p.m.) and indoleacetic acid (2 p.p.m.) 
either alone or in combination inhibited the growth 
of the ovaries and no fruits were obtained. In the 
supplemented medium to which kinetin (0-2 p.p.m.) 
and indoleacetie aeid (2 p.p.m.) had been added, the 
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Fig. 1. 
kinetin (0:2 p.p.m.) + indoleacetic acid (2 p.p.m.). 
were formed in such spikes. (x 0-7) 


Fig. 2. Spike with open flowers inoculated in supplemented 
medium + yeast extract (500 p.p.m.) and photographed after 


Young spike after 3 days in supplemented medium + 
No seeds 


4 weeks, Seeds matured in many ovaries; ore of the seeds 
has germinated £n situ. ( x07) 
Fig. 3. Longitudinal section of ovule showing globular embryo 


produced in 2 weeks from an open flower cultured on supplemented 
medium -- yeast extract (1,000 p.p.m.). (x 32) 


Mature embryo from a flower attached to the plant; 
2 weeks after the mature embryo sac stage. (x 18) 


Fig. 5. An embryo dissected from a 4-week old spike inoculated 
at the mature embryo sac stage in supplemented medium (sucrore, 
8 percent), (x 21) 


rs. 8 A 4-week old embryo in supplemented medium + casein 
hydrolysate (200 p.p.m.) from a flower MNA at the mature 
( x 20) 


Fig. 4. 


embryo sac stage. 


growth of the ovaries ceased after attaining a diameter 
of 550y. and the ovules failed to form the black seed 
coat. 

In subsequent experiments ovaries were excised 
from open flowers (that is, at the mature embryo sac 
stage). When these were planted on supplemented 
medium and yeast extract (500 and 1,000 p.p.m.), a 
proembryo was formed ; in very rare cases it devel- 
oped up to the globular stage. 

When whole flowers were cultured on supple- 
mented medium, supplemented medium and yeast 
extraet (1,000 p.p.m.) or supplemented medium and 
casein hydrolysate (200, 400 p.p.m.), 60 per cent of 
the ovaries grew into fruits ; and 25 per cent of them 
gave viable seeds in about three weeks. In yeast 
extract (1,000 p.p.m.) a globular proembryo (Fig. 3) 
was formed in two weeks which took another week 
to mature. It was smaller than the embryos obtained 
from Nature which matured in only two weeks (Fig. 4). 
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In supplemented medium and casein hydrolysate 
(200 p.p.m.) growth of the hypocotyl was arrested 
and the cotyledons were flap-like with numerous hairs 
(Fig. 6). 

Next I attempted to rear young spikes (Fig. 1), but 
they never grew to maturity. However, spikes 
cultured at the time of the opening of flowers 
gave very encouraging results. Four concentrations 
of sucrose (2, 4, 6 and 8 per cent) were tried along 
with the supplemented medium. In these there was 
40 per cent seed setting and the embryo was as large 
as or larger than that of plants growing in Nature 
(Fig. 5). With yeast extract (500, 1,000 p.p.m.) seed 
setting increased to 50 per cent but the embryo was 
slightly smaller than that of the controls. Occasion- 
ally these seeds germinated in situ (Fig. 2). 

In Aerva tomentosa it has thus been possible to 
secure the normal growth of the embryo by culturing 
unpollinated flowers and spikes at the mature 
embryo sac stage. When the ovaries alone are 
cultured, the response is less satisfactory. Further 
work is in progress to promote the growth of excised 
ovaries and to rear normal seeds from closed buds. 

I am greatly indebted to Prof. P. Maheshwari, 
under whose guidance this research was carried out. 
My thanks are also due to Dr. R. C. Sachar for help 
and interest and to Dr. L. G. Nickell, Chas. Pfizer 
and Co. New York, for gibberellin. 

Prem Muncar 

Department of Botany, 

University of Delhi. 
*Sachar, R. C., and Kapoor, Manju, Naturwiss., 22, 552 (1958). 
* Maheshwari, Nirmala, ard Lal, M., Nature, 181, 631 (1958). 
* Sachar, R. C., and Kanta, Kusum, PAytomorphol., 8, 202 (1958). 
* Maheshwari, Nirmala, Science, 127, 342 (1958). 
* Sachar, R. C., and Murgai, Prem, Curr. Sci., 27, 105 (1958). 
* Nitsch, J. P., Amer. J. Bot., 88, 566 (1951). 


Occurrence of Neoteny in the Genus 
Artemia 


THE genus Artemia has attracted the interest of 
many zoologists since the classic observations and 
experiments of Schmankewitsch!. This interest 
has been renewed by the occasional reconsideration 
of Schmankewitsch’s observations and more rarely 
by the actual re-examination of Artemia species 
under different salt concentration of the water. 
Anikin, Samter and Heymons, Artom, Aboyni, and 
Gajewski have reported* morphological variations in 
response to change in salinity of the medium. But 
Martin and Wibur and Bond have reported? that 
Artemias from the Monterey Bay salterns and the 
coastal region of central California remain unchanged 
in different concentration of salt water. The Artemias 
which have shown variations in response to environ- 
ment have all been Old World in origin, and it appears 
that no variable Artemia occurs in the western 
United States. The occurrence of Artemia from the 
oriental region was reported by Bondt from Tso-kar 
Lake, Tibet, Kulkarni’ from Valda pans at Bombay 
and by Baid* from the Sambhar Salt Lake, Rajasthan. 

The collection of Artemia from the Sambhar lake 
was brought to the laboratory in April 1957. Some 
Artemias were put in a higher concentration of salt 
water (18:4 per cent sodium chloride). where they 
underwent changes in size and in some morpho- 
logical characters. All of them became small in size 
and differed considerably from Artemia salina. These 
dwarf Artemias were more or less identical with 























A. milhauseni. They were actively reproducing in - 
& higher concentration of salt water (22°8 per cent) 


as well as in lower concentrations (21-4, 16-5 and 
:8:5 per cent); I watched them for three generations 
in the laboratory. The experiments were repeated 
twice, with the same results. It is therefore clear 
that A. milhauseni cannot be reared back into 
A. salina as reported by Schmankewitsch'. The 
probable interpretation of these preliminary results 
“is that A. salina of the Sambhar lake is a neotenous 
. form of A. milhauseni. To test the variability in 
this genus and this observation some experiments 
-in the ponds of Jaswant College Botanical Garden, 


Jodhpur, were carried out. 


The pond was filled with lake water. The salinity 
of the water was diluted by adding distilled water. 
At 5-6 per cent salinity Artemia salina (females) were 
transferred to the pond. Some of these Artemias 
were also kept in a small pond adjacent to the big 
pond, the salinity of which was kept more or less 
constant (5-6 per cent salinity). At intervals of 
24 hr., the main pond water and the Artemias were 
studied in the laboratory. Due to the heat, water 
from the pond had evaporated and consequently the 
salinity was higher. Some Artemias with pond water 
at 12-4, 18-2 and 22-8 per cent salinity were removed 

and placed in different aquaria in water of the same 
- “salinity as that of the pond water from which they 
were taken. After saturation was reached, distilled 
“water was added slowly to the pond. The salinity 
and Artemias at different stages were studied in both 
' the ascending and the descending series of experiments. 





Figs. 1-3. Number of sete in cercopods of Artemia salina at 
(1) 12-4, (2) 18-2 and (8) 22-8 per cent salinity respectively. 
Figs.4-6. Showing the number of segmentations of abdomen of 
Artemia salina at (4) 12-4, (5) 18-2 and (6) 22:8 per cent salinity 

E respectively . 
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Three well-defined stages during the’ ascending 


series of experiments were observed in the change .. 


of salinity as well as in the population of Artemia. 
The various measurements of the body as well as 
salinity are given in Table 1. It was found that 
Artemia salina from water of 5-6 per cent and 12-4 per 
cent salinity metamorphosed completely into A. 


milhauseni at 22-8 per cent salinity. The changes 1 


were observed in the size of the body, segmentation 
of the abdomen and in cercopods (Figs. 1-6). At. 
12-4, 18:2 and 22-8 per cent salinity, Artemia taken 


from the pond and transferred to different aquaria `. : 


having water of the same salinity continued to breed. - 
Artemia salina in the small pond (salinity 5-6 per cent - 
approximately) survived without undergoing any 
structural change. 


was diluted with distilled water. Artemia individuals 
were examined at 21:4, 16-5 and 8-5 per cent salinity ^ 
in that order. It was observed that they were more 
or less identical with A. mülhauseni or Artemia of 
22.8 per cent salinity. 


Table 1. 
Artemia salina IN DIFFERENT CONCENTRATIONS OF SALT WATER 


























i f l ] j 
m | | Post | No. of | 
| inity | Median | Abdo- | abflo-. | No. of in- | Abdomen | segments 
(per | length | men men | dividuals | median in the 
cent) | (mm.) | nm.) (mm.) l examined length noel 
124 | 10:33 | 55 4:8 | 14 0:535 8 
[132] 91 | 51 | 40 | R 0-56 5 
| 22:8 8.0 | 455 3:5 | 8 0:502 | 2 
i i 





No change was observed in the form $t A, salina up to 12-4 per cent 
salinity). 


From these observations it is concluded that 
A. salina is a neotenous form which is completely 
metamorphosed into A. milhauseni when the con- 


centration of salt in the water is raised to the satura- a 
The variations in the genus Artemia as ^. . 


tion point. 
reported by earlier workers^? are also explained if 
we assume that neoteny is common in this genus.” 
The salt lakes of the Old World have different con- 
centrations of sodium chloride, and in consequence . 
A. salina differs from lake to lake. The early workers.” 
raised each form to the status of a new species ; but 
I believe they are neotenous forms, which differ from 


each other due to the degree of metamorphosis that E 


each has undergone. They metamorphose còm- 
pletely if the concentration of sodium chloride is 
raised to the saturation point. 

The nature of their environment also suggests that 
these Artemias are neotenous forms. The Sambhar 


Salt Lake is very salty and only 2 ft. deep ; in summer: E 


the lake bed is completely dry. Neotony is very. 
common among animals when the environment is. 
hostile ; it occurs in populations living in an adverse. 
environment where metamorphosis amounts to death. 
There is a high mortality-rate in the population of. 
Artemia during February and March. They seem 
particularly weak at this phase of their life-history. 


Hence if conditions become so unfavourable that all. . 
metamorphosed individuals perish, it follows that tho = 
population must either become neotenous or die out, - 


since only those individuals which can breed as 
larvæ have any hope of propagating their kind. 

It is significant that A. salina. which breed as 
larve have an advantage, for they are able to produce 
offspring sooner than A. milhausent, which may not 


be able to breed in the unfavourable conditions 


existing in the Sambhar Lake. Thus A. salina of 


After reaching saturation. point Dn 
(23-2 per cent salinity), the highly concentrated water 


MEASUREMENTS OF DIFFERENT PARTS OF THE BODY OE... 
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Sambhar Lake is a neotenous form of A. mil- 
hauseni, and is well adapted to such hostile con- 
itions. ' 

My. thanks are due to Dr. J. P. Harding, British 
Museum (Natural History), for suggestions, and to 
|o Dr. D. K. Mathur for his help and guidance, 

: InpER Cumáwp Barb 
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AGRICULTURE 


 Non-Symbiotic Nitrogen Fixation in a Soil 
_of the Nigerian Rain-Forest Zone 


: COMPARATIVELY little is known of the contribution 
on-symbiotie nitrogen fixation to the nitrogen 
my of tropical soils. In the tropical rain-forest 
it is generally considered that the soil nitrogen 
upply, depleted by arable cropping, is built up again 
uring the period of ‘bush fallow’, presumably by 
digenous legumes (and perhaps certain non-legumes) 
present in the regrowth. That appreciable non- 

symbiotic nitrogen fixation may occur in the soils of 
his area was shown in the experiment described here. 

_A bulk sample was collected from the 0-20 cm. 

layer of Iwo loamy sand, a latosol developed over 
gneiss. This soil came from a cropped area on the 
Faculty: of Agriculture Farm, University College, 
Jdbadan. 3- kgm. lots were placed in pots in the green- 
use, and six cultural treatments and two fertilizer 
eatments applied. Total nitrogen (Kjeldahl plus 
trate) contents are shown in Table 1. 

_ There were appreciable increases in the nitrogen 
nt in the case of the bare soil and the soil to 
which glucose had been added, as well as a smaller 
increase in the soil on which Centrosema was grown. 

‘There was also a small but statistically significant 
reàse in nitrogen when fertilizer containing 
sphorus and molybdenum was added. 

ie increase in nitrogen recorded above for the 
'€ soil is equivalent to approximately 140 Ib. of 
ogen or 6 cwt. of ammonium sulphate per acre, 
reasé of considerable agricultural significance 
it to occur in the field. It has been estimated 
ib some 15 Ib. of nitrogen per acre per annum are 
xed 1 in the soils of the Sudan Gezira, where crops of 








able 1. 
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dura have been produced annually for centuries 
without the use of fertilizers or manures’. 
temperate conditions it has been estimated that 
legumes may fix 150-300 Ib. and free-living nitrogen- 
fixing micro-organisms 15-30 Ib. of nitrogen per 
acre per annum?. 

The growing of plants on the soil appears to have 
depressed nitrogen fixation (or to have increased 
denitrification). The nitrogen contained in the plant 


material (tops plus roots) amounted to approximately. 
0-05 gm. per pot for the legume (Centrosema) and... 


0-04 gm. per pot for the grass (Eleusine). Thus there 
was no net increase in nitrogen where the. grass was 
grown, and the increase with the legume was only 
about half that found in the bare soil. 

Since the soils of the rain-forest zone carry: growing 
plants almost continuously (either “bush fallow' or 
arable crops) it is unlikely that non-symbiotic nitrogen 
fixation is important agriculturally, even though. the 
potential capacity for fixation by this means may be 
great. In most of the indigenous rotations of southern 
Nigeria the period during which the land is bare does 
not amount to more than a few months (the time 
between clearing and planting) in 5-10 years, 

The results recorded here are nevertheless con- 
sidered to be of sufficient interest for the study to be 
continued and expanded. 





A. W. MOORE 
J. N. ABABLU 
Faculty of Agriculture, 
University College, 
Ibadan, Nigeria. 


! Crowther, E. M., “Agriculture in the Sudan”, 459 (Oxford University 
Press, London, 1948). 






? Russell, E. J., “Soil Conditions and Plant Growth", 310, 323 (Longs: 


mans, Green and Co., London, 1950). 


Swellings on the Shoots of Cacao Plants - 
Deficient in Copper 


AN experiment to induce symptoms of micro- 


nutrient-element deficiency on cacao grown in sand- 


culture was undertaken in 1958. The sand and 
chemicals were purified as recommended by Hewitt! 
and the water was demineralized by passing it through 
resin columns. The treatments were done in dupli- 
cate; a complete set of treatments was randomized 
within each of two blocks. Seeds were taken from 
the centre portions of Amelonado cacao pods (where 
they are more uniform); they were washed and 
planted directly into the sand, three seeds to a plastic 
pot. The plants were watered with demineralized 
water twice a day for one week, after which 500 ml. 
of nutrient solution was supplied in the. mornings 
and an equal amount of water in the afternoons. 
Complete overhead shade was given for one month, 
after which it was reduced to 50 per cent. Plants were 
harvested 100 days, 204 days and 321 days after 
sowing. 


TOTAL NITROGEN CONTENT OF THE UPPER 20 CM. OF n LoAMY SAND AS INFLUENCED BY DIFFERENT CULTURAL AND FERTILIZER 
REATMENTS 























| | Soil kept moist for 20 weeks 
i | em 1 i = 
| | Bare 4- 30 gm. Mulehed | Centrosema | Eleusine | 
Fertilizer treatment. ij Soilkept Bare glucose with wood | eee pbi | 
i dry N (gm. pot | per pot shavings IN g 
| N (gm.)/pot | | N (gm.)/pot | N (gm.)/pot | LN (em. JIpot | N (em. pot | 
“| No fertilizer | 10 | 11 | 114 EE $9 | or | 10 | 
1 Plis phosphorus plus molybdenum 1-03 | 1:36 i 1-23 | 1:0 1-10 | 0-90 
| Meant [108 | 129 | 138 [od 2 107 | 096 | 
cbe i i ! 














* Difference between means for fertilizer treatments is statistically significant t (P « 0:05). 


+ Differences. among means for cultural treatments are statistically significant (P < 0-01). 


LSD, = 0-06 gm. nitrogen per pot. 
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r ARs OF Corrax- DEFICIENT SHOOTS IN THE SWOLLEN 


ac. 
Table 1. 
M STEM WHEN THE SWELLINGS WERE FIRST OBSERVED 


Treatment 
without copper 


Plant B 


Control 
Plant 4 


Plant B 
s x 
6 30 
7:8 


0- 
8 S4* 
8 

7 73 


90 
B4 
“60 
65 





* Maximum diameter of swelling. 


At 273 days after sowing the remaining plant in 
each of the two treatments without copper was showing 
severe leaf symptoms of copper deficiency. Several 
of the small, immature leaves had abscissed and 
internodes were short in the area of leaf abscission. 
Lateral buds were swelling and on plant A a strong 
lateral shoot, 19 em. long, had arisen below the 
affected area. These morphological changes indicated 
a loss of dominance by the shoot tip. 

It was at this stage that swellings were noticed 
on the main shoots of both plants in the treatment 
without copper, two on plant A and one on plant B. 
Measurements of shoot diameter taken on the same 
day are shown in Table 1. The swollen areas were 
from 1-5 mm. to 3:5 mm. larger than comparable 
itions on the control shoot. 

During the ensuing 49 days before the plants were 

harvested there were more leaf flushes, all of which 

remained on the shoots and showed less evidence of 

copper deficiency. The shoot tip regained its domin- 

ance and no more lateral buds broke. Plant A 

^. grew 31:1 em. and plant B grew 20-7 cm. during the 
` last 49 days. 











et 





Fig. 1. The swollen area, at harvest, of shoot from plant A 


Fig. 1 shows the two swellings on plant A at time 
of harvest when the swellings were 1-7 mm. and 2-8 
mm. larger than the shoot diameters immediately 
below the swellings. Transverse sections through the 
swollen areas showed that the swellings were due 
primarily to increased xylem thickness. 

It has been proved that swollen shoot disease of 
cacao in West Africa is caused by a virus*?; this 
does not, however, rule out the possibility of a rela- 
tionship between swollen shoot disease and copper 
deficiency. 
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The complete results of this experiment will de 
published elsewhere 


Department of Agriculture, 
Kuala Lumpur, Malaya. March 23. 


! Hewitt, E. J., “Sand and Water oane Methods Used in the Study 
of Plant Nutrition” (Comm. Bureau Hort. Plant. Crops, 1952); 
Tech. Comm. No. 22 (Bradley and Sons, Ltd., Reading). 


* Posnette, A. F., Trop. Agric. Trin., 17, 98 (1940). 
? Thresh, J. M., W. African Cacao Res. Inst, Bull., No. 4, 1-36 (1958). 


A Method of increasing the Phosphorus 
Content of Forages 


Is connexion with the feeding of cattle, especially 
dairy cattle, phosphorus plays a very important part. 
Forages, the basic need of cattle, should contain as 
much phosphorus as possible in order to prevent 
serious pathological troubles. 

Phosphate fertilizers are usually applied late in 
autumn or early in winter. However, it seems that 
another application of phosphate, in a water-soluble 
form, late in winter (February or March), consider- 
ably increases the phosphorus content of forages. 
But the efficiency of this second applieation of 
fertilizer is improved when nitrogen is associated 
with water-soluble phosphates (40 kgm./hectare 
(36 lb./acre) phosphoric acid and 40 kgm./hectare 
(36 lb./acre) nitrogen). 

The results obtained in a series of experiments 
carried out in 1957 and 1958 on different farms,. 
using several plots of the same paddock in each case, 
are shown in Table 1. 





























































Table 1 
P and PK P and PK 
Pand PK in autumn, in autumn, 
in autumn N late in N + P late 
winter in winter* 
Type of grassland Content | Content Content 
of forages of forages of forages 
| Ca pi Ca 
(per | (per (per 
| cent) | cent) cent) | cent) 
| Temporary grassland | 
(lucerne-cocksfoot) | 0:28 | 1:01 | 0:37 
Permanent grassland | 0-20 | 1-07 | 0:22 
Pot A 0:19 | 0-65 | 0:21 
m Tm 0-29 | 0:71 | 0:24 
” 0:22 | 1:02 | 0:24 
m 0-28 | 0-48 | 0:32 
Average 0-24 | 0-82 | 0-27 
Ca/P average 3:34 | 2-89 





* The fertilizer dressing late in winter involved ; 200 neus 
(180 Ib./aere), 20 per cent ‘nitro-chalk’, 200 kgm./hectare (1 Ib./aere), 
18 per cent superphosphate of lime. 


It appears clearly from these figures that applica- 
tions of nitrogen fertilizer late in winter have a con- 
siderable effect in increasing the phosphorus content 
of plants. 

It looks as if a real ‘shock’ dressing was achieved. 
The nitrogen-phosphorus association seems to give 
rise to a synergy, quite favourable to the uptake of 
phosphorus. This quick absorption by plants re- 
duces fixation of phosphate due to the ‘holding 
power' of the soil. Nitrogen appeared to have an 
optimum effect when applied in the form of ‘nitro- 
chalk’. 

These preliminary results are very encouraging. 
If they were confirmed, they would help to solve 
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the important problem of ensuring enough phos- 
phate in the cattle ration, especially m that of 
BRE ROWS R FERRANDO 
S MzTIVIER 
R Gervy 
Laboratoire d’Alrmentation de 
l'Ecole Nationale Vétérmaire d’Alfort 
Seme March 16 
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STATISTICS 


A Least-Squares Solution for a Linear 
Relation between Two Observed Quantities 


A LINEAR relation has sometimes to be established 
between two observed quantities, the precision of 
each observed value for both quantities being limited. 
and variable from value to value 1n some known way 
Examples ın astronomy may be found ın the treat- 
ment of proper motions m moving clusters, m the 
evaluation of solar motion by proper motions, and in 
the evaluation of the hnear terms of galactic 10tation 
in the solar neighbourhood In such cases the hne 
through the intersection of the two regression. lines, 
with a slope equal to the geometiie mean of the slopes 
of the two regression lines, may often be a good 
estimate of the best Imear relation, but ıt does not 
seem to be a least-squares solution 1n a precise sense 
Seares! discusses at length the best estimates of the 
regression lines that can be set up, taking mto account 
varying weight for each value and the effect on the 
Tegression lines of the distribution of the observed 
values about the diagram His best lnear relation 
1s evaluated as the weighted geometric mean of the 
two regression lies and he shows? that m the case 
of uniform precision m each quantity his solution 
reduces to that obtamed by Hertzsprung® to cover 
this particular case It would seem, however, that 
generalization of Hertzsprung’s iesult to cases of 
varymg precision should be possible without bringing 
m the regression lines at all Jeffreys‘ apparently 
gives such a solution (his equation 5, § 4 42), but m 
fact, as was pointed out to me by Dr A J Wesselink, 
his solution reduces to one of the usual regression 
lines in the case of uniform precision and not to 
Hertzsprung’s solution Trumpler and Weavers 
mention several times the mnportance of ‘two-error’ 
least squares solutions in astronomy but nowhere 
make a solution 
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In the present approach we start with a geometric 
representation, though there are definite similarities 
to Jeffreys’s procedure In Fig 1 P; 18 a typical 
pomt representing a pair of observed values (tr,Yr) 
and the Ime y = ax + f ıs a possible relation between 
‘true’ values The pomt Q, on this line is the point 
of contact of the tangential ellipse belonging to the 
set of simular concentric ellipses centred on P, with 
equations 


(x Sa); 4 Y= 2 _ 
Sr ty? 

sr? and 4? are the variances for the precision with 
which the mdividual values 2, and yr, respectively, 
are known Of all the points on the line y — ax + D, 
Qr, with co-ordinates ( yr), 18 the one that will give 
an observed pair of values (a;,yy) with maximum 
lkelhood The appropriate value of d,? in (1) for 
the tangential ellipse is found to be 


88 = wQ(ax, — yr + B)? (2) 
Wr = lj(5* + 29,2) 


This result 1s smilar to that obtamed from J effreys’s 


expression’ ($442) for the maximum logarithmic 
likelihood 


dy? (1) 


where 


g Wr — cm. — py 
Qh? + tsr?) 
that is, log(Lmax /Lo) oc 8j* (3) 
If uniform prior probability of the « and 1s assumed 
the least-squares condition in obtammg the best 
values of œ and B for a set of observed values (Xr,Yr) 
1g given by the equations - 
a 


ə 
3; (O Lmax) = 0 and 5; (I1 Lmax) = 0 
Qa a max ) og JH max ) 


Transforming to 3,? by (3) we obtain 


log Lmax = constant — 


D a 
3; (299) = £ z (89) = 0 
r T 


a 3 (4) 

and 38 (28°) = A cB (è) = 0 
and the best values of « and Q are the solutions of the 
equations 


Bw, = Eyrwr — aEvrwr (5) 
T T T 
and 
a Ew sr a. — B) + a [Ewrttéhor* — Xwyhs(y— e 
T r r 
— Bwr tr xr(yr — B) = 0 (6) 
r 


The summations m (5) and (6) can only be made 
numerically if « 1s known Hence the practical 
solution is by a method of successive approximation, 
which will be rapidly convergent 1f a reasonably good 
value of « can first be derived graphically or otherwise 

If t, = ks, = constant, we readily obtam 


B = ğ — ağ 
where (£,g) are the aiibhmetie mean values of the 


(zr,y;) % 18 then the suitable root of the quadratic 
equation 


(a? — Eu — B)Yr — 9) + 
a Pac — &)* — yr = 2 =0 (7 


This equation corresponds to Hertzsprung's solution, 
there bemg in practice no confusion between the two 
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roots, one mmumal and the other maximal In such 
cases the lme passes through the ‘centre of gravity’ 
of the observed pomts This is only true for the 
solution of (5) 1f we regard the centre of gravity to be 
that found after applymg a weight wr to each point 

Trumpler and Weaver? (p 184) say that m two- 
error solutions the parameter estimates depend upon 
the ‘distribution of’, ın our notation, the (£r,yr) about 
the diagram In fact, Seares’s solution was via 
regression lines from which the systematic effects 
associated with the distribution of the (®ryr) had 
been removed and this 1s why the distribution entered 
into the argument Here, we proceed directly from 
a separate consideration of each pomt and 16 1s only 
afterwards that, for example m (7), the margmal 
variances of the v, and y; distributions appear. 

Some prior knowledge of the s, and tr 18, of course, 
fundamental to a completely meaningful approach to 
the problem but useful applications of equations (5) 
and (6) are likely to occur where a problem can be 
put mto the form of solving for the least-squares 
linear relation only at the expense of introduemg 
widely varying precision for the different observed 
values of both quantities 

P A Wayman* 
Radcliffe Observatory, 
Pretoria, S Africa 
March 20 

* On secondment from the Royal Greenwich Observatory 
18eares, F H, Astrophys J , 100, 255 (1944) 
2 Seares, F H, Astrophys J , 102, 366 (1945) 
5 Hertzsprung, E , Leiden Ann , XIV, Eerste Stuk (1922) 
J em aio X , "Theory of Probability", 164 (Oxford University Press, 


*Trumpler, R J, and Weaver, H F, “Statistical Astronomy” 
(Univ. of California, 1953) 


HISTORY OF SCIENCE 


The Value of x and the Old Testament 


Many recent authors of texts contammg an 
account of the historical development of the numerical 
value of x write under the misapprehension that m 
the Old Testament 15s apparent value ıs 3 Concern- 
ing this value, Prof E T Bell writes! “This 
approximation to x 1s famous for its occurrence m 
the Old Testament" Quoting 2 Chron 4, 2, Prof L 
Hogben deduces? “The ancient Hebrews were content 
with takmg x as 9" The late Prof G H Hardy 
could scarcely have exammed his two quotations, 
otherwise he would not have made the blunt observ- 
ation? “It is stated in the Bible that x = 3” 
P Dubrei quotes 1 Kings 7, 23, and contrasts the 
approximation with Shanks’s value of m to 707 
decimal places Quoting 2 Chron 4, 2, Prof T 
Dantzig comments’ that this description indicates 
that the Jews held that x 1s equal to three Very 
recently, Archbold quotes* Dubreil that the Bible 
gives the value of m as 3, thereby perpetuating the 
error m the minds of the next generation of students 
who read his text These writers therefore fall into 
two classes, the first regardmg x as actually given 
by 8, and the second regarding the measurements 
given as only approximate Even some Bibheal 
commentators have fallen into similar error, for 
example, Curtis and Madsen m ther commentary’ 
on 2 Chron 4, 2 suggest that the numbers are only 
approximations 

A careful reading of the verses following 1 Kings 7, 
23 1s sufficient to dispose of this approximation, quite 
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apart from consultmg the works of those who have 
sought to restore the “molten sea" from the Biblical 
dimensions For it transpires that the circumference 
of 30 cubits and the diameter of 10 cubits do not refer 
to the same circle, so ıt ıs impossible to conclude 
that x was taken as 3, either mistakenly or approxi- 
mately 

The diameter of the “molten sea" at rts extreme 
top from brim to brim was 10 cubits = But in 1 Kings 
1, 24, we must interpret “under the brim of ıt round 
about there were knops compassing i15" The word 
‘under’ may imply that the external surface of the 
brm need not have been vertical, the cylmdrical 
sides of the “sea” were inclined outwards ın order to 
form the brim, yielding a smaller circle around which 
the knops (gourds or wild cucumbers) were cast 
under the shghtly larger circle formed by the brim 
This 1s confirmed by verse 26, where we read that 
“the brim was wrought like the brim of a cup, with 
flowers of lles”, for Sir W  Smuth's dictionary? 
mterprets this as meaning that the brim was curved 
outwards like a lily or lotus flower, giving at the same 
imme the hteral translation of the Hebrew text “its 
lip was lıke work such as a cup’s lip, a lily flower" 
The “30 cubits compassing the sea round about” 
(verse 23) refers then to the general circumference of 
the “sea” below the*brim and not to the special 
circumference around the brom ‘Thus the eircum- 
ference of the brim must have been 10x cubits, and 
the diameter of the cylindrical wall of the “sea” 
below the brim must have been 30/r = 9 55 cubits , 
these mational measurements are omitted from the 
text 

Even the commentators have often missed this 
pomt Montgomery and Gehman? state that the 
dimensions are only round figures, thereby failmg to 
see that there 1s nothing in the text (1 Kings 7, 23-26) 
that suggests that the figures 10 and 30 refer to the 
same circle, although ther literal translation, “a 
lly-shaped brim”, mplıes cıreles of varymg diameters 

These observations may be verified by notmg that 
Sir W Smith's dictionary? gives a general sketch of 
the "sea" according to the restoration by Kei, @ 
distinct outwardly curving brim exists, with the rows 
of knops underneath ıt A larger encyclopedia?® 
gives a detailed etching of the restoration according 
to Calmet, together with a complete axial cross- 
section of the “sea” , this too shows the characteristic 
brim, with the rows of knops below ıt around a circle 
of smaller diameter than that of the brim 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

LECTURER IN THE DEPARTMENT OF VETERINARY PHARMACOLOGY— 
The Secretary, The University, Edinburgh (August 28) 

SENIOR LECTURER (with an honours degree in metallurgy and a 
successful record of research work) IN METALLURGY—The Registrar, 
Royal Technical College, Salford 5, Lancs (August 29) 

TECHNICAL OFFICER (with experience, including administration, 1n 
a Physiology or similar Department) IN PHYSIOLOGY at the University 
of Otago, Dunedin, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
WC1 (New Zealand, August 30) 

ASSISTANT LECTURER or LHOTURER IN THE DEPARTMENT OF VETER- 
INARY PHARMACOLOGY—The Registrar, The University, Liverpool 
(August 31) 

ASSISTANT LECTURER IN BIOCHEMISTRY—The Dean, Guy's Hospital 
Medical School, London Bridge, S E 1 (August 31) 

LECTURER or ASSISTANT LECTURER (with some industrial and 
research experience) IN THE DEPARTMENT OF CHEMICAL ENGINEERING 
to specialize ım separation processes, fluid dynamics or thermodynamics 
and chemical kinetics—The Registrar, The University, Leeds 2 
(August 31) 

RESEARCH ASSISTANT (with an honours degree in botany, with 
training ın cytology and/or genetics) IN THE DEPARTMENT OF BOTANY, 
for duties mainly ın the University Botanic Gardens, Ness, Cheshire 
—The Registrar, The University, Liverpool (August 31) 

LECTURER IN MECHANICAL ENGINEERING—The Registrar, The 
University, Nottingham (September 5) 

JUNIOR LECTURER IN MATHEMATICS—Prof XE C ‘Titchmarsh, 
Mathematical Institute, Oxford (September 14) 

LECTURER (Grade I) IN RADIOLOGY at University College, Ibadan, 
Nigeria—The Secretary, Senate Committee for Colleges Overseas in 
Special Relation, University of London, Senate House, London, 
W C1 (September 14) 

LECTURER (with good qualifications in light current electrical 
engineering or in physics) IN ELECTRONIC ENGINEERING, and a 
LECTURER (with a thorough knowledge of the physics of materials, 
and preferably with research or industrial experience involving solid 
state physics) IN MATERIALS—The Secretary and Registrar, Univer- 
sity College of North Wales, Bangor, North Wales (September 14) 

READER (graduate of a British Commonwealth university or 
equivalent, Corporate Member of the Institution of Electrical Engineers, 
with teaching and research experience at university level) IN ELEC- 
TRICAL ENGINEERING at the University of Hong Kong—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 Gor- 
don Square, London, W € 1 (Hong Kong, September 15) 

RESEARCH ASSISTANT (preferably with an interest in the ecology 
and systematics of small mammals) IN THE DEPARTMENT OF ZOOLOGY 
—The Secretary and Registrar, The University, Southampton 
(September 15) 

SENIOR TUTORS (2) IN PURE MATHEMATICS at the University of 
Sydney, Austraha—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W C 1 (Australia, 
September 19) 

ASSISTANT (with at least an honours degree in biochemusiry or 
equivalent) IN BIOLOGICAL CHEMISTRY—The Secretary, The Univer- 
sity, Aberdeen (September 21) 

LECTURERS (2) (with experience either in infra-red spectroscopy 
orinradiochemistry) IN THE DEPARTMENT OF CHEMISTRY—The Deputy 
Registrar, The University, Edgbaston, Birmingham 15 (September 21) 

READER, and a LECTURER IN PURE MATHEMATICS at the University 
of Western Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, WC1 
(Australia, September 25) 

CHAIR OF PHARMACEUTICAL CHEMISTRY tn the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (Australia, 
September 26) 

CHAIR OF APPLIED MATHEMATICS 1n the University of Cape Town— 
The Secretary, Association of Universities of the British Common- 
wealth,36 Gordon Square, London, W C 1 (South Africa, September 30) 

LECTURER IN THEORETICAL PHYSICS ın the Natural Philosophy 
ie Secretary, The University, Aberdeen (Septem- 

er 

LECTURER or an ASSISTANT LECTURER IN THE DEPARTMENT OF 
PHYSIOLOGICAL CHEMISTRY, for duties chiefly concerned with the 
teaching of the physiology of domestic animals—The Registrar (Room 
29 OR B), The Universitv, Reading (September 30) 

LEOTURER (with qualifications 1n any of the branches of zoology, 
and preferably an interest im insect physiology or some other branch 
of experimental zoology) IN ZOOLOGY at the University of Tasmania— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C 1 (Australia, September 30) 

READER IN GENETICS ın the Department of Zoology at the Univer- 
sity of Melbourne, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W C 1 
(Australia, October 1) 

AGRICULTURAL CHEMIST (with a good honours degree 1n agricultural 
chemistry, and at least two years suitable postgraduate training or eX- 
perience) in Sierra Leone to advise the Director of Agriculture on 
specific problems and for investigational studies in the field, including 
the laying out of field trials and their statistical analysis and inter- 
pretation—The Director of Recruitment, Colonial Office, London, 
SW1, quoting BCD Gu i T 

CHAIR OF Pxysics 1n the University of Tasmania—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W C 1 (Australia, October 15) 

CHEMIST (post-doctorate), to carry out a programme of exploratory 
research on à problem in synthetic aromatic chemistry—Dr P Holt, 
Department of Chemistry, The University, Reading 

LECTURER IN INORGANIO CHEMISTRY at the University College of 
the West Indies—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, WC 1 
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PHYSICIST or PHYSICAL CHEMIST (with a good honours degree or 
equivalent, ın physics or physical chemistry, and some years research 
experience) WITH THE NATURAL RUBBER DEVELOPMENT BOARD, to 
work ın a small team carrying out research on the use of natural 
rubber ın road surfacing materials—The Director of Road Research, 
Road Research Laboratory, Harmondsworth, West Drayton, Middle- 
sex, quoting “Natural Rubber Development Board" 

RESEARCH ASSISTANT IN THE MATHEMATICS DEPARTMENT, to work 
with Prof H A Jahn and Dr J P Elliott on the theory of nuclear 
structure—The Registrar, The University, Southampton 
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Occasional Papers of the Natural History Museum of Stanford 
University No 7 A New Frog of the Genus Telmatobius from 
Southern Ecuador By Harold E Munsterman and Alan E Leviton 
Pp u+5 (Stanford, Calif Natural History Museum of Stanford 
University, 1959 ) [24 
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EDUCATION IN THE NEW WORLD 


ee report prepared by the Science Advisory 
Committee to the President of the United States 
1s a significant document for all free-speskmg peoples 
(see p 87 of this issue)* It presents the views of 
America’s leading men of science and technologists 
and exammes the ways m which American education 
can be strengthened so that ıt will more fully meet 
requnements m this age of science The principles 
upon which the report 1s based and the recom- 
mendations stemmmg from them have ummediate 
relevance to the state of education m Britam to-day 

No one in the United States would deny that the 
country should have a first-rate system of education 
Yet, says the report, many American citizens do 
not realize that the strength, and even survival, of 
democratic society are determined primarily by the 
excellence and appropriateness of its educational 
patterns Nor is everyone aware that learning, 
though begmnmg during the school years, is a lıfe- 
long venture, that education ıs a part of life and 
not merely a preparation for ıt Unfortunately this 
lack of awareness 1s as common in Britam as ib 
appears to be in the United States and, even more 
unfortunately, apples as much to specialists in 
education as to members of the general public 

A second declaration of the Committee would find 
ready acceptance ın all countries with a democratic 
system of government A modern educational 
system, the Committee believes, should not only 
sharpen the intellectual capacities and curiosities of 
each new generation, should not only extract the 
essential core from ever-accumulating stores of know- 
ledge, should not only find ways to produce new 
leaders equipped to add to these stores and to create 
all the new tools that the ervilization requires, ib 
must also produce citizens and leaders who will know 
how to use the knowledge and tools to advance social 
and cultural life 

Nor should discussions on education, as so fre- 
quently happens at educational conferences and 
meetings, be confined to buildmgs or budgets or 
even curricula These, indeed, are necessary means 
tothe end We must think of the end itself , to intro- 
duce the growing child, the youth, and the adult to 
the best and most essential elements of the intel- 
lectual and cultural experience of previous genera- 
tions, to do this in such a way that we stimulate 
curiosity and encourage each mdividual to look 
forward, not backward, to develop his own talents 
to their maximum, and to continue this development 
throughout his life 

The Committee also proclaims its faith in education 
as the most mmportant of all social activities “It 18 
right and ıt 1s mportant that we should expend great 
effort and resources m order that every American 
child shall have the opportunity for the ten, the 


* '"Education for the Age of Science” (The White House, Washing- 
ton, DC , May 1959) 


fifteen, or even the twenty years of formal educational 
experience 1equired to give him full command of his 
intellectual powers and enable him to live a rich and 
fruitful hfe, both as an individual and as a citizen" 

These are the fundamentals of education m a 
democracy and need frequent exammation to 
determme how far practice falls short of precept In 
Brtam they should form a useful corrective to the 
ever-present danger of complacency which bedevils 
educationists at local- and government-level, who, 
too often, use advances on lımıted fronts to obscure 
the lack of progress over the educational field as a 
whole 

The Commribtee's statement stands out chiefly for 
the importance ıt attaches to intellectual excellence, 
to the need for stretching students to the utmost of 
ther capabilities, to enhanemg the prestige of the 
teacher and to improving the standards of scientific 
education both for the speciahst and the non- 
specialist , above all, and as the report makes very 
clear, for the recognition that the strengthenmg 
of science and engineermg education requires the 
strengthening of all education 

The need for much greater emphasis on the gifted— 
though not at the expense of the less gifted—has 
considerable significance for Britam to-day The 
President’s Commuttee recommends that oppor- 
tunities should be provided to draw out both gifted 
and less gifted to the lunit of ther intellectual and 
emotional capacities Unfortunately, educatior 
cannot be considered outside the framework of th» 
society for which it 1s mtended and, m Britain, two 
opposing views have grown up One, broadly repre- 
sented as egalitarian, 1s pursumg policies which tend 
to reduce the facilities and challenge for more intel- 
lectual children by emphasizing that there must be 
equal opportunities available for all In ther quite 
natural desire to look after the weaker brethren ıt 
frequently means that the less gifted are given 
relatively greater attention and facilities than those 
with greater mental endowments The other view, 
sometimes described as the superior, seeks, under 
the guise of character-traming, to perpetuate a system 
in which mere attendance at a well-known school 
1s thought to be more than adequate to make up for 
deficiencies in intellectual abilities 

The umportance of character-training 1s continually 
being stressed ın the British educational system, and 
much school work 1s attuned to this, the achieve- 
ments are admired by the whole civilized world 
Not enough recognition 18 given to the fact that ıt 1s 
the brain which wis the break-through to new 
knowledge, the child gifted with high intelligence 
should always be sought for and given opportunities 
to expand his intellectual capacities to the utmost 
An ‘egg-head’ deserves wide admiration as a national 
asset, and should not be treated with mild amuse- 
ment as @ harmless eccentric 
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If Britain 1s to survive in a world where educational 
systems will become increasingly scientific and tech- 
nological, much more attention to the gifted child 
must be given both by those who proclaim equality 
and by the trainers of character Grammar schools, 
with ther proved records of success, must not be 
lightly abandoned m favour of experimental compre- 
hensive schools sunply to satisfy political aspirations 
and clamour The major public schools, with their 
proved records of success, could provide a very much 
greater service to the nation if entry to them were 
governed by intellectual and emotional capacity 
rather than by the parents’ ability to pay Unless 
they are prepared to change in the interests of the 
whole nation, existing methods of entry to these 
schools may well lead to their own undoing 

Nor ean the gifted child be developed where its 
early days are spent as a member of a class of forty 
or so children m a primary school Here the 
aspirations of the Mmistry of Education and of the 
teaching profession are remarkably low in that the 
provision of classes of thirty at all levels would seem 
to usher m the millenium The difference between 
the quality of boarding school education and day 
school education may not be so much due to the 
residential factor as ıs commonly supposed Much 
more mportant may be the fact that education in 
the public schools 1s organized on a much more 
individual basis, whereas the State system of educa- 
tion still savours of mass production One of the 
strengths of the grammar schools has been the 
individual attention paid to scholars in sixth forms 
With the development of much bigger sixth forms m 
comprehensive schools, junior colleges and bigger 
grammar schools, there 1s the danger that State 
schools may declime m quality compared with the 
public schools, where classes of thirty would often 
be regarded as three times too many 

In his introductory comments to the Commuttee's 
report, President Eisenhower writes that one subject 
warrants special emphasis—“the importance of 
raismg the standmg of our teachers m them com- 
munities Higher salaries are a first requirement, 
but we need also to recognize the great importance 
of what teachers do and to accord them the encour- 
agement, understanding and recognition which will 
help to make the teaching profession attractive to 
increasing numbers of first-rate people" The Presi- 
dent’s belief and wish would find many echoes m 
Britam as well as a re-echo about whether or not the 
teaching profession goes the right way to deserve 
greater prestige The growth of pressure groups 
inside the profession, the emergence of trade union 
organization and of threats to strike, and the annual 
conferences at which the only topics discussed are 
pay and conditions have all helped to build up a 
publie opinion which does not always see the teacher 
as a man dedicated to his calling If the teacher ıs 
to enjoy greater status he must first of all prove 
worthy of ıt This ıs unlikely to occur so long as the 
dominant voice comes from teachers who have been 
trained for only two years and who make up the 
large majority of the profession 
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Practical means by which the status and quality 
of the teaching profession could be improved are 
described ın the report and could well be copied in 
Britain A closer and contmumg Imk with univer- 
sities and research institutions, the provision of more 
refresher courses at which leading men of science 
and technology keep teachers up to date with new 
knowledge and discoveries, collaboration between 
outstanding scientists and teachers m the design of 
new curricula to give pupils an “imtroduction to 
those areas of science and technology essential to an 
understandmg of the problems of a modern society", 
the scholar’s guidance and help m the provision of 
new text-books of science and technology at all 
levels, an adequate supply of films, television pro- 
grammes, slides and tape-recordings to help the 
teacher m his work—these and other ways should 
and will increasingly have to be used if the teacher 
is to remam reasonably up to date m a rapidly 
changing age of science There 1s little use in changing 
curricula unless the teachers have the new knowledge 
and are competent to teach it 

To help the teacher to remam aware of develop- 
ments m technology, contacts with mdustry should 
be much closer than they are to-day This will not 
only help him to keep abreast of advances m tech- 
nology, but will also enable him better to understand 
the industrial life which the majority of his pupils 
adopt on leaving school 

The need to broaden the outlook of the specialist 
m science by givmg hm an introduction to other 
departments of science and technology has been well 
recognized in Britam by university extra-mural 
departments The latter have also done valuable 
pioneering work in enabhng the non-specialist to 
grasp the wider mmphecations of science in society 
Their efforts have been much curtailed by restrictive 
financial policies , the reports of extra-mural depart- 
ments at Oxford, Nottmgham and other universities 
for 1958 should be read in conjunction with the call 
to action set out m the report of the President’s 
Committee 

How much more could have been done has already 
been shown by those area committees of the British 
Association for the Advancement of Science which 
are not only taking outstanding lecturers to large and 
enthusiastic audiences from women's institutes, ete , 
but are also answermg the long-expressed wish of 
provincial erties hke Liverpool, Nottingham and 
Sheffield for ther own “Royal Institution Christmas 
lectures” The British Association area committees 
should now see that any special lectures arranged 
should not only be available for school-children but 
also for apprentices, whose formal education is far 
from complete , receptive and ready-made audiences 
will also be found m various foremen's and managers’ 
groups inside factories themselves 

The Commrttee’s report directs attention to the 
lack of science teachmg 1n. the liberal arts colleges of 
the United States While in Britam there 1s no close 
parallel to these colleges, 16 ıs surprising that, even 
in 1959, the many theological colleges pay little or 
no attention to the teaching of science It 1s difficult 
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to believe that some of the time spent on dogma 
mught not more profitably be spent in making pros- 
pective parsons familar with the broad paths of 
science , courses in social anthropology might be of 
practical concern to future missionaries 

That the strengthening of science and engineering 
education cannot be undertaken except by strength- 
ening the country’s general educational system 1s a 
point well made by the Committee and underlined by 
the President himself In Britain the direction 1s right, 
but ıt may well be considered whether the pace 1s 
rapid enough There are still too many black-listed 
schools Hopelessly overcrowded classes m primary 
schools present teachers with problems m which 
education 18 replaced by mass instruction The high 
hopes held out for secondary modern schools have 
not been fulfilled County colleges remain a dream, 
and, because of the shortage and quality of staff at 
many technical institutions, the facilities available 
for many day-release students often account for 
appallmg wastages between the first and last years 
of City and Guilds and National Certificate courses 
Shortages of competent lecturers in mathematics and 
science at teachers’ tramung colleges have led to a 
vicious circle which results in the bad teachmg of 
mathematics and science in many junior schools 
The lack of hostels for students in senior technical 
colleges and universities and consequent hvimg im 
overcrowded lodgings makes many university lives 
narrow and drab 

These are some of the features of the British 
educational system which should be exammed when 
too much 1s made of our advances The report of the 
President's Advisory Committee should have both a 
stimulating and salutary effect m Great Britain, in 
the United States and in the whole Western world 


EXTREMELY HIGH TEMPERATURES 


Conference on Extremely High Temperatures 
Boston, Massachusetts, March 18-19, 1958 Edited 
by Dr Hemz Fischer and Lawrence C Mansur 
(Sponsored by Electronics Research Directorate, 
Air Force Cambridge Research Center ) Pp x1+ 258 
(New York John Wiley and Sons, Ine , London 
Chapman and Hall, Ltd , 1958) 78s net 


HIS volume 1s an account of the first conference 

on extremely high temperatures sponsored by 
the US Ar Force Cambridge Research Center, 
under the chairmanship of Dr Hemz Fischer At 
first sight 1t looks as though the US Air Force were 
m competition with the Atomic Energy Commission 
1n supporting thermonuclear research at a time when 
those activities of the Commission called ‘Project 
Sherwood" were all classified, and there are clear 
indications that investigators under the Air Force 
contract are covering some of the ground the Atomic 
Energy Commission’s scientists had covered long 
before But the conference was based on a broade 
realm of science than thermonuclear research, 1t 
embraced the study of high-current arcs and materials 
capable of withstanding extremely high temperatwes, 
with the result that all subjects were treated rather 
sketchily and a specialist reader 1s likely to be mter- 
ested ın only one or two papers in the volume 
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Several papers deal with the development of very 
high speeds of small pockets of gas driven by shock 
waves, work not unlike the large quantity of woik 
reported by Post and others from Livermore  Janes 
and Patrick accelerated an annulus of gas between 
cylinders to 3 x 10? cm/sec with currents rising at 
10° amp /usec , and Bostick describes the propulsion 
of a small volume of plasma at 2 x 107 cm /sec 
ejected from a deuterium-loaded titanium gun, while 
Nadig and Bohn give a prelaminary account of the 
shooting of a plasma of exploded wire between long 
copper plates 

Several papers deal with the study of high-powered 
ares at atmospheric and higher pressures, arcs dissipat- 
ing 1,000 kW of de power, stabilized by a water 
sheath such as was originally developed at Kiel The 
plasma of gas emerges from the arc chamber at 
temperatures up to 15,000 degrees and 1s constricted 
to some extent by the electrical pinch-effect Ghai 
mentions that the most serious limitation to the 
application of these very high-intensity plasmas has 
been the erosion of electrodes, and states that in the 
past year such crosion has been reduced a hundred- 
fold, but unfortunately he does not state how this 
has been achieved. Bonm and Price, on the other 
hand, present informative figures on the ablation and 
erosion of different materials—which might be used 
in rocket cones—when subjected to the plasmas from 
these arcs 

A session on temperature measurement produced 
some valuable papers Drummond outlmed the 
microwave properties of high-temperature plasmas 
and showed that 1t should be possible to record with 
microwaves temperatures leadmg up to fusion 
Pearce presented valuable calculations about the 
density of light-emitters deduced from the observed 
brightness across the diameter of a cylindrical 
light source, and two papers deal with the deduc- 
tion of are temperatures from the hydrogen-hne 
broadening 

There are several brief papers on energy storage, 
capacitative and inductive, and one by Finkelstem 
outlines the application of a 100,000-joule bank of 
condensers having specially low mductance (one 
milhmierohenry total) to develop a betatron field 
of up to 200,000 gauss over an orbit of 5 cm radius, 
to achieve the particle acceleration needed to disin- 
tegrate matter not into the ‘fourth state’, namely, 
electrons and protons, but mto the ‘fifth state’, 
namely, nucleons and mesons In this connexion 
Levine eż al review the problems encountered in 
generating magnetic fields up to 750,000 gauss for 
mulliseconds The article on the feasibility of thermo- 
nuclear propulsion sounds hke science fiction and my 
reaction was ‘‘first catch your hare” 

T E ALLIBONE 


ELECTRON TECHNOLOGY 


Electron Physics and Technology 

By Dr J Thomson and E B Callick 
Science Texts) Pp xiv+527 (London 
Universities Press, Ltd , 1959) 50s net 


HE publishers say that this work ıs intended to 
provide a sound theoretical basis for the student 
who 1s pursuing an honours degree 1n either physics o1 
electrical engineering In fact, the authors seem to 
have cantered lightly over the fields of election 
physics and elementary valve circuits, skirting around 
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difficulties, and reserved them energies for the 
technology The physicist may be assumed to learn 
his electron-physics elsewhere, but ıs ıt fair to the 
engineer to show him on p 20 a graph from which 
the most probable energy of a (conduction) electron 
in a metal is seen to be about 2eV at room tempera- 
ture, but then to tell him on p 84 that the most 
probable electronic energy m a metallic conductor 18 
kT * Agam, on p 111 11s stated that a class B push- 
pull amplifier ıs biased to zero standing current Does 
not the student deserve a more realistic treatment, 
even 1f that requires some further explanation of the 
actual shape of a valve characteristic ? 

Sections 4, 5 and 6, on microwave devices, special- 
purpose tubes, and materials and construction, are at a 
much higher standard, and ıt ıs perhaps significant 
that most of the chapters in these parts give some 
reference to other published work, while the earlier 
chapters do not The chapter on switchmg and scalmg 
tubes 1s particularly valuable 

As must always happen in a rapidly developmg 
subject, history has overtaken the authors They have 
covered travelhng-wave tubes up to the stage of 
using a velocrty-yump to reduce beam noise, and they 
have a chapter on transistors , but they do not deal 
with the maser, which involves concepts of sufficient 
mmportance to be studied by anyone interested m the 
fundamentals from which the future of electron 
technology willsprmg The general xmpression 18 that 
this book 1s good on electron technology but does not 
deal with prmoeiples as well as one 1s led to expect 
from a book which claims to cover physics as well as 
technology D A BELL 


PLANT MORPHOLOGY 


Comparative Morphology of Vascular Plants 

By Adriance S Foster and Ernest M Gifford, Jr 
(Series of Books on Biology) Pp x1+ 555 (San 
Francisco W H Freeman and Company , London, 
Bailey Bros and Swimfen, Ltd, 1959) 9 dollars, 
76s 6d 


HE aim of the authors of this very attractively 

produced text-book 1s, as stated in the preface, 
to give not only a purely factual description of the 
main groups of vascular plants but also to mdicate 
the general principles and objectives of comparative 
morphology They express the hope that the text 
will “in some measure orient and vitahze the teaching 
of plant morphology” 

The general plan of the book ıs a little unusual 
The first sıx chapters are described as "orientation 
chapters" and deal with the principles and problems 
of comparative morphology Some of the topics 
briefly discussed are the criteria used m phylogenetic 
interpretations, the stelar theory, alternation of 
generations, the telome theory, the phylogeny of 
sporangia and gametangia, embryogeny A brief 
account of the aims and methods of experimental 
morphology 1s also given Although this arrangement 
has some advantages, it seems probable that these 
general discussions would be more useful if they 
followed, rather than preceded, the descriptive 
chapters 

The mai part of the book covers the whole of the 
so-called Tracheophyta It deals m turn with the 
Psuopsida, Lycopsida, Sphenopsida and Pteropsida, 
the last-named bemg a group which will appear 
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heterogeneous to many botanists The descriptions 
of the various phyla are excellent, and mclude some 
account of fossil representatives and of the cytology 
As the field covered ıs so wide, ıt 1s, however, mevit- 
able that some aspects should be treated very 
briefly As might be expected from the research work 
of the authors, the chapters on the Gymnosperms and 
Angiosperms are particularly interesting and lucid 
Many references are made throughout to standard 
works and other literature, and the references are 
listed alphabetically at the end of each chapter 

The book 1s fully illustrated by hne drawings and 
photographs For the most part these are excellent 
and closely related to the text No magnifications 
are, however, given for any of the figures, and ın some 
mstances the specific name of the plant illustrated 1s 
omitted from the legend These omissions tend to 
lessen the value of otherwise excellent illustrations 
Many of the hne drawings are described as being 
“redrawn” from various sources when ıt would have 
been better to use the phrase ‘‘based on". This 18 
so m examples where the copying has not been precise 
(though not misleading), or where shading has been 
introduced or a pictorial background added In one 
instance, photographs are said to be “redrawn” 

The book may be recommended to students as 
giving a good general picture of evolutionary trends 
withm the Tracheophyta At the same time ib 
mdicates, though perhaps without sufficient emphasis, 
the difficulty, and often the mmpossibility, of reaching 
final conclusions in phyletie morphology The 
references to recent work on morphogenesis, experi- 
mental morphology and cytology should be of value 
to students as indicating lmes of research of great 
mtrinsic mterest apart from their possible bearmg 
on the many persisting problems—or ‘‘abiding 
mysteries” as the authors call them—of comparative 
morphology S WILLIAMS 


ELECTROPHORESIS IN THEORY 
AND PRACTICE 


The Principles of Electrophoresis 

By René Audubert and Serge de Mende Translated 
by A J Pomerans Pp vii+142+16 plates 
(London Hutchinson and Co (Publishers), Ltd, 
1959) 25s net 


Electrophoresis 
Theory, Methods and Appheations Edited by Milan 


Bier Pp xx+563 (New York Academic Press, 
Ine , London Academic Books, Ltd, 1959) 
15 dollars 


T must be admitted that many people who employ 
electrophoretic methods have little more than a 
passing acquaintance with the prmerples involved in 
the techniques they are usmg These two books should 
enable everyone to know what they are domg, whether 
they undertake moving-boundary, paper or most other 
variations of electrophoresis Both these books cover 
the whole field and so conveniently bring together 
information which hitherto has been scattered 
Audubert and de Mende’s volume forms a useful 
theoretical introduction , the principles of electro- 
phoresis are set out clearly and systematically and 
the translation has been well done  Begmnmg with 
the general properties of electrolytes, the book passes 
on to colloidal systems, electrokmetic potential an 1 
electrophoresis Then follow sections on the principles 
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JOURNAL OF CHILD PSYCHOLOGY AND PSYCHIATRY 
and Allied Disciplines 


Official organ of the Association of Child Psychology and Psychiatry 
Joint Editors 


C. B Hmdley, University of London Institutes of Education and Child Health, Child Study Centre 
Elizabeth Irvine, Tavistock Clinic, London 
Emanuel Miller, St George’s and The Maudsley Hospitals, London 


Pergamon Press have pleasure 1n announcing a new publication called Journal of Child Psychology and Psychiatry, and 
alhed disciplines 





The journal will be primarily concerned with child psychology and child psychiatry, but it 1s recognised that many other disciplines have an 1mportant 
contribution to make ın furthermg knowledge of the mental lıfe and behaviour of children In the absence of a unified body of generally accepted 
fact and theory 1n this field, an important function of the journal will be to bring together contributions of a high quality, springing from different points 
of view, 1n order to promote an eventual integration Relevant papers will accordingly be welcomed from such related fields as animal behaviour, 
anthropology, education, famuly studies, paediatrics, physiology and sociology 


Papers will be of a standard which merits presentation before an international readership They may assume any of the following forms 
(a) ORIGINAL ARTICLES—These should make an original contribution to empirical knowledge, to the theoretical understanding of the 
subject, or to the development of techniques, 
(b) Review ARTICLES—These will survey an important area of interest within the general field, and may be offered or commissioned, 
(c Correspondence will not be a feature of the journal, but critiques of papers may be accepted, provided they conform to the scientific 
level of the journal, 
(d) From time to time there may be contributions to symposia on topics of common interest to several disciplines 


The journal will appear quarterly, ın English The first issue will appear 1n January 1960 


Subscription Rates To libraries and institutions £6 ($17) per annum 


To individuals who write to the publisher certifying that the journal 1s for their personal use 
£3 3s ($10) per annum 


To members of the Association of Child Psychology and Psychiatry 
£3 3s ($10) per annum inclusive of membership 





Pergamon Press books in psychology and allied fields include 


MENTAL RETARDATION 
Its Care, Treatment and Physiological Base 
by Hans Mautner, M.D. 


A new departure 1s Dr Mautner’s emphasis on the physiological 
base of the many conditions which lead to mental retardation and 
especially the relation of brain function to autonomic regulations 

: 7 35s net ($5 50) 


METABOLISM OF THE NERVOUS SYSTEM 
Edited by Dr. Derek Richter 


Contains the papers presented at the Second International Symposium 
on Neurochemistry held at Aarhus, Denmark 100s net ($16) 


SCHIZOPHRENIA 
Somatic Aspects 
Edited by Dr Derek Richter 


The result of discussions held by a small group of scientists and clinicians 
arranged with the assistance of the Mental Health Fund and the Ciba 
Foundation, in London 40s net ($6 50) 


THE SOCIAL PROBLEM OF 
MENTAL DEFICIENCY 


by N. O'Connor, M.A., Ph.D , and 
J. Tizard, M.A., B.Litt., Ph.D. 


*Marks an epoch 1n the understanding of mental retardation and the 
traming of the backward "—The Lancet 30s net ($5) 


BEHAVIOUR THERAPY AND THE NEUROSES 


Edited by Professor H. J. Eysenck 


A series of readings which develop and illustrate a hypothesis to the 
effect that rational treatments of neurotic disorders can only be developed 
by drawing upon learning theory, and treating neuroses as learnt habits 

In preparation 


UNDERSTANDING PSYCHOLOGICAL TEST REPORTS 
by Dr T C. Kabn and Dr. M. B. Giffen, US AF 


A textbook for use in medical schools and by the general non-psychuatric 
medical practitioner who has occasion to use or refer to psychological 
reports In preparation 





An important work in the field of psychology to be published in November 


PSYCHOLOGY, COLLECTA OF SOVIET WORK 


Edited by Dr. N. O?Connor, The Maudsley Hospital, London 


Collection of Russian work in psychology from 1917 to date, together with a complete bibliography. 
Please write for fully descriptive leaflets 
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underlymg moving boundary and paper electro- 
phoresis Finally, other zone methods and applica- 
tions are described Unfortunately, with one excep- 
tion (and that is a review article), all references are 
no later than 1954 , consequently some of the matter 
1n the last part of the book 1s somewhat out of date 
and some recent important developments are not 
covered Part of the section on applications 1s rather 
sketchily done, and brief descriptions are not sup- 
ported by references (pp 137-138) The book's 
chief value les mits theoretical exposition, but there 
are one or two flaws The dissociation of protems 
(p 13) and of ammo-acids (p 70) is represented by 
concepts which have long ago become obsolete, 
even more serious is the last paragraph on p 70, 
which fails to recognize that an ampholyte can have a 
net charge (and therefore move as a single zone 
towards an electrode) when 1t contams both positively 
and negatively charged groups This 1s surprising, 
especially as, two pages further on, the concept of net 
charge 1s recognized ‘There are a few less serious 
errors such as "sulphate" for “sulphide” m Fig 77 
and p 106, and m Fig 78 the photometer tracing 1s 
reversed relative to the strip Nevertheless, I believe 
that this book will prove to be of great value to most 
people who are using electrophoretic methods, and if, 
as I hope, 1t reaches a second edition, opportuniby 
Should be taken to rectify the few errors and include 
more up-to-date matter 

The book edited by Bier treats m greater detail 
the theory and practice of electrophoresis It consists 
of a series of articles on selected topics, each written 
by experts The first two, by Overbeek and Lijklema 
and by Lmderstram-Lang and Nielson, deal very 
fully with the fundamentals of electric potentials m 
colloidal systems and acid-base equilibria of proteins 
There are three excellent chapters on moving bound- 
ary electrophoresis (Longsworth on theory and 
practice , Brown and Timasheff on applications to 
protem systems) Paper electrophoresis 1s covered 
well by Wundeily, and Kunkel and Trautman deal 


with other zone electrophoretic methods, mcluding’ 


important recent developments such as starch gel, 
cellulose column and mmmuno-electrophoresis Appl- 
cations of zone methods are covered by Wieland 
Bier’s article deals with preparative electrophoresis 
without supporting media and 1s an excellent survey 
of methods depending on density gradient, electro- 
decantation, electrophoresis convection and forced 
flow electrophoresis An addendum to this section 
deseribes electrophoresis m non-aqueous solvents and 
gives the impression that this 1s a very recent develop- 
ment, but I think that Karagounis (Nature, 161, 855 , 
1948) should receive credit for originating the method 
described Of particular interest to those working 
in the medical field ıs Moore's article on clinical and 
physiological applications Britten and Lauffer 
give a fascmating account of electrophoresis of 
viruses, bacteria and cells, and of the microscopic 
method of observation 

There 1s a certain amount of overlapping, probably 
difficult to avoid m a book of this nature, and ıt might 
have been a more logical arrangement for Wieland’s 
contribution to have followed that of Kunkel and 
Tiselius, and for Brown and Timasheff’s chapter to 
have followed Longsworth’s But Dr Bier and his 
collaborators are to be congratulated on an outstanding 
contribution to the hterature of electrophoresis 
There 1s little doubt that the hope expressed by him 
in his preface that this would be an authoritative 
work has been reahzed R ConspEN 
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A SOURCE BOOK OF FUNGAL 


PHYSIOLOGY 


Physiology of Fungi 

By Prof Vincent W Cochrane Pp xm-+524 (New 
York John Wiley and Sons, Inc , London 
Chapman and Hall, Ltd, 1958) 78s net 


IM the past thirty years mterest m physio- 
logy and biochemistry of the fungi has been 
increasing, but ıt has received additional encourage- 
ment by the publication im the last ten years of 
several books These have brought a mass of short 
papers and accounts of experimental work within the 
easy reach of all biologists Each of these books has 
treated its subject n a different way, some giving 
emphasis to chemistry or to functional physiology, 
others perhaps attemptmg to review the whole 
subject at an undergraduate-level The result has 
been wholly beneficial to mycology itself, for 1t 1s 
now possible for those interested m particular in 
taxonomy, ecology, pathology or genetics of the 
fungi to apply to their own work the formation 
gained by laboratory study of physiology Further, 
the yeasts and a few moulds are no longer the only 
polite subjects of physiological and biochemical 
inquiry among the fungi, but have come to be seen 
for what they often are, rather specialized organ- 
isms 

Prof Cochrane has had several aims in preparing 
his book, and these he has achieved with skill He 
has attempted to review the literature on fungal 
physiology particularly mentionmg work done in the 
past thirty years, to emphasize those results of a 
truly expermmental and quantitative nature, and to 
show clearly what parts of the subject present out- 
standing problems which still require quantitative 
investigation Certain aspects of physiology have 
been intentionally omitted, such as the mteraction 
of organisms with one another This subject is so 
vast that the need for its omission is easily under- 
stood 

The book as a review of the available mformation 
is remarkable for the number of works to which ıt 
refers In 379 pages of text some 4 5 x 10? references 
are quoted which are grouped at the end of each 
chapter so that their use 1s greatly facilitated 
Although they are so numerous, they still only com- 
prise a selection made by the author from a much 
greater number, and this itself mdicates the mag- 
nitude of the subject of fungal physiology The 
selection has been good, and as long as one remembers 
that emphasis has been given to biochemical rather 
than physiological and to quantitative rather than 
qualitative information, the book 1s greatly improved 
by 1t Each reference does not, of course, receive 
detailed appraisal, but the important and difficult 
aspects of each problem receive comment and 
criticism designed to place them m proper perspective 
At times the space allotted to important subjects 1s 
a little too restricted For example, the general 
remarks on metabolism of oligosaccharides im 
Chapter 5 are unlikely to be easily understood by 
anyone meeting the subject for the first time 

The book as a whole 1s good and will be found 
especially valuable as a reference book for all those 
interested in fungal physiology It may be used to 
obtain a short critical survey of a problem and also 
as a, guide to references from which fuller details may 
be obtained 

J L HARLEY 
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A UNIVERSITY OF GRADUATE STUDIES* 


By Dr DETLEV W. BRONK, O B E.(Hon.), For.Mem R.S. 


President of the Rockefeller Institute, New York, and of the US National Academy of Sciences 


INCE the beginning of the University of Bologna 
mine centuries ago, many universities of many 

kmds have been created m many places, all have 
been created to satisfy the same deep desire of men 
to learn and teach Because universities satisfy 
that desire, which ıs unique to human kind, universi- 
ties have been among the most enduring of human 
mstitutions Their vitahty has been attested by 
them ability to sustam them basic purpose withm 
changing patterns of structure and of action Various 
and changmg circumstances have evoked universities 
of various characteristics 

Smce the begmning of the Rockefeller Institute, 
only half a century ago, 1t has provided rich oppor- 
tunities for men to learn It has been a community 
of scholars who were privileged to explore the frontiers 
of natural knowledge Our predecessors have left 
us a heritage of traditions of intellectual excellence 
and adventure They laid strong foundations for 
a house of learning 

Five years ago we determined to build further on 
those foundations, so that we might welcome our 
young successors to this community of scholars and 
gladly teach and guide them as they prepare for 
scholarly careers To-morrow we will speak of new 
buddmgs of glass and stone, of modern art and 
natural beauty To-day I speak of buildmg an 
academic structure m which youth may learn from 
the elder, and the elder have the mtellectual stimulus 
of the younger 

As we have extended the scope of the Rockefeller 
Institute and assumed the new responsibilities of a 
School of Graduate Studies, we have thought deeply 
of our obligations to satisfy the traditional standards 
of institutions of higher learnıng I have personally 
felt that sense of responsibility keenly, for my life 
and those of my forebears have been lived m academic 
places which we prized highly 

I would here quote, as I will do agam, from Rash- 
dall of Oxford, the great biographer of European 
universities in the Middle Ages — "It behooves us 
not", said he, “to lose or lower the ideal of the 
university as the place par excellence for professed 
and properly trained students, for the highest intel. 
lectual cultrvation, for the advancement of science, 
and not merely for its conservation or diffusion . 
Whether a particular institution should or should 
not be called a university may seem by itself to be 
a little thing, but the name has got to be associated 
with education of the highest type It 1s by no means 
essential that all should conform exactly to the same 
pattern The two most essential functions which a 
true university has to perform, and which all univer- 
sities have more or less discharged, amid the widest 
possible variety of system and method and organiza- 
tion, are to make possible the life of study, whether 
for a few years or durmg a whole career, and to brmg 


* Substance of an address delivered on May 21 at the first Rocke- 
feller Institute Convocation for Conferring of Degrees and Dedica- 
VI New Buildings (see also Nature of June 13, 20, 27 and July 
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together durmg that period face to face, m lwing 
intercourse, teacher and teacher, teacher and student, 
student and student” 

Familiar though these functions be, it 18 appro- 
priate, I think, to state them and restate them m 
these times of turmoil The tranquil, contemplative 
life 1s harassed and eroded by the busy demands of 
the moment The explosive growth of populations 
requires much wisdom for the preservation of the 
precious intimacy of relation between a scholar and 
a scholar and between scholars and those m other 
walks of hfe 

Those functions are two of the objectives of the 
Rockefelle Institute The first need not be justified 
to an academic audience such as this, but the sig- 
nificance of that function 1s less apparent to many 
all about us who value academic mstitutions most o1 
only for the tramung that they gave as preparation 
for the performance of specific tasks They value 
research as discovery of useful knowledge , too few, 
unfortunately, percerve research as a happy, excitmg 
adventure that gives vitality to our culture 

The Rockefeller Institute 1s fortunate m 1ts heritage 
of advice from 1ts founder, who took a longer view and 
often said to those who studied here, “Don’t be m 
a hurry to produce anythmg practical If you don’t, 
the next fellow will You, here, explore and 
dream’ 

It ıs our purpose to follow that advice and make 
the Rockefeller Institute a place m which to live 
a life of study Though that be a privilege which 
1s sought by many, the Institute will severely 
lmut the number of those who study here, so that 
those who do so may come together, face to face, m 
‘living untercourse’ Such limitation is not easy, for 
refusal never 1s, and m the United States, all too 
often, size appeal ıs an overpowermg temptation to 
sacrifice excellence for numbers There is appro- 
priate wisdom in the words of Ellery Sedgwick, who 
said ‘‘One can influence many by moculating the 
influential few", as did The Atlantic Monthly, of 
which he was then editor 

Specialization seems necessarily to follow merease 
of knowledge New specialties and specialists seom 
to breed new university departments, and so the 
scope of universities seems necessarily to grow, and 
thus to satisfy the needs of a more complex civiliza- 
tion But some graduate schools could become 
superlatively good by restricting the scope of then 
endeavour to immediately related fields 

That was said to me by Abraham Flexner as I 
began my professorial career m 1926 That year he, 
also, wrote m The Atlantic Monthly some words which 
I would read as these “The range of certam univer- 
sities could be greatly reduced Moreover, modern 
science and scholarship being what they are, univers- 
ties could be very irregular affairs No single science 
can be completely represented anywhere , still less, 
all sciences and mstitutions most concerned with 
science would almost mevitably be less adequately 
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developed on the humanistic side Nor does 1t greatly 
matter the very mcompleteness of smgle institutions 
will force all real universities in the higher sense to 
view themselves as parts of one great organic 
whole” 

Perhaps Flexner read Rashdall also, for there I 
find “The word unwersitas ıs one to which a false 
explanation 1s often assigned for polemical purposes 
by controversial writers, while the true explanation 
of ıt at once supplies us with a clue to the nature and 
historical origi of the institution itself The notion 
that a university means a school m which all the 
faculties or branches of knowledge are represented 
has indeed long smce disappeared from the pages of 
professed historians, but 1b 18 still persistently foisted 
upon the public by writers with whom history 1s 
subordmate to what may be called intellectual 
edification” 

"However mmposing and stmnulatmg may be the 
conception of an mstitution for the teaching or for the 
cultivation of universal knowledge, however impera- 
tive the necessity of such an institution may seem at 
times to be, ıb 1s one which can gam little support 
from the facts of history To glance into any collec- 
tion of medieval documents reveals the fact that the 
word ‘university’ means merely a number, a plurality, 
an aggregate of persons” 

One of the most needed functions of a school of 
graduate study m these days of specialization 1s to 
foster broad foundations upon which a man may 
build competence to deal with problems yet un- 
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dreamed of Broad foundations of interest m many 
related fields of science and wide knowledge are 
essential to a scientist who would be a scholar 

Sir George Trevelyan, a Master of Trinity College, 
Cambridge, in speakmg of the friend of whom he 
then was writing, sad “He was an outstanding 
example of a type that has always specially attracted. 
me the specialist who has a wide outlook, broad 
knowledge, and warm enthusiasms outside his own 
subject as well as in ıt, and more particularly, a man, 
he was, whose mind has been tramed in the splendid 
diserpline of a science, but whose heart and eyes 
take also dehght m the triumphs of art, m the 
history of man, in the beauties of Nature Such a 
man 1s about the best thing that our modern ervilza- 
tion can produce" 

We hope that m the Rockefeller Institute we may 
fit students to become men such as the one of whom 
Trevelyan spoke We would relate science to all 
other foims of creative endeavour We will strive to 
interpret science as a great Odyssey of the human 
spirit In order to do so we will draw upon all the 
resources of the learned world that may be available 
to us ın order to emphasize the proper place of 
Science 1n the total structure of man’s creative effort 
We seek to make an environment in which men 
and women can pursue knowledge not as & grim 
undertaking, not as an undertaking for the achieve- 
ment of immediate, practical, ends, but as a happy, 
joyous pursuit of knowledge which will enrich all 
therr lives, and the lives of all those about them 


EDUCATION FOR THE AGE OF SCIENCE 


ZA outstanding statement on the place of education 
m the hfe of a nation has recently been published 
by the Science Advisory Committee to the President 
of the United States of America Issued with the 
warm encouragement of the President, the report 
sets out the national goals for strengthening science 
and engmeermg education and urges support by all 
American people to meet these goals (see also p 81 
of this issue) 

The American outlook 1s conditioned by the 
traditional dedication to the proposition that most 
of her children shall have a long educational experi- 
ence, that no child shall be deprived of the fullest 
opportunity to develop his own talents, and that the 
people of each local community shall, to a large 
degree, be autonomous in the decisions they make 
about the education of them own children In theory 
16 18 mtended that the brilliant child shall be able to 
develop brilliantly , that the slow or backward child 
shall be nurtured patiently , that the artisan shall 
not be considered mferior to the intellectual because 
he 1s an artisan, if only he 18 a good one, that no 
one shall be condemned to a lowly position or elevated 
to a high one by the mere circumstance of the wealth, 
power or prestige of his ancestors 

These are the premises, and most American educa- 
tional policies are based upon them Yet there are 
meonsistencies Very few Americans, for example, 
would insist that the words of the Declaration of 
Independence require that all Americans be equally 
competent m intellectual matters and that they 
should, therefore, automatically pass together from 


grade to grade in school Occasionally this seems to 
be the policy 

Americans do not really think that educated people 
are dangerous or suly—yet the terms 'egg-head' and 
‘mtellectual’ are not always terms of approbation 
Americans occasionally act as though they feared 
the word ‘excellent’, especially as apphed to mental 
achievement In other words, the practices do not 
always live up to the ideals 

After a close and penetrating analysis of the 
American educational system, the Committee defines 
certam goals the attamment of which would 
strengthen science and engmeermg education m the 
United States The goals are based upon the belief 
that a changmg civilization will demand an even 
greater devotion to learnmg and a greater pride in 
intellectual achievement “The profound effects of 
recent advances in science and technology demand 
that scientific literacy be far more widespread among 
the American people if we are to solve the problems 
of this age" 

The Committee recommends that 

(a) Americans should attach greater valuo to 
intellectual excellence 

(b) Every school and college should re-examine its 
curriculum to make sure that m every aspect it is 
giving adequate challenge to the mtellectual capacities 
of its students 

(c) Much more should be done to enhance the 
prestige of the teacher and to provide him with more 
effective support in his efforts to improve the offectivo- 
ness of his teaching 
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(d) Edueational programmes should be adapted 
to the widely varymg competence of students, and 
especially to the needs of the most gifted students 

(e) Scientific education at all levels should be 
improved to give better understanding of science to 
the non-scientist as well as to discover and stimulate 
more mdividuals who have the talents to become 
scientists and engineers 

To attam these ends four major areas need specific 
and urgent attention throughout the educational 
System These are the curriculum and content of 
courses, the quahty and effectiveness of teachers, the 
recognition and encouragement of students, and the 
development of mtellectual leadership 

The quality and content of the curriculum are cen- 
tralin education At every level in the school, college, 
and graduate school the curriculum must provide the 
basic educational materials required of all students, 
plus the broad selection of opportunities appropriate 
to the student body mvolved For those at higher 
levels ın the educational system, ıt becomes increas- 
ingly mmportant that the course content give recogni- 
tion to the range of abilities of mdividual students, 
and, of equal importance, that each student be 
guided to the subjects best suited to his own mnate 
talents 

Especially in rapidly changmg fields like science 
and technology, curricular changes must occur 
decade by decade, and even year by year At the 
secondary school level there are problems of balance 
between vocational and academic courses, and, at the 
college and university level, the problem of balance 
between the sciences, the humanities, and the social 
sclences 

The Committee urges scientists and scholars to 
establish more intimate contact with experienced 
teachers at all levels, so that the curricula and 
teaching and learnmg aids m schools, colleges and 
universities may take account of the now facts and 
the new pomts of view that scientific progress has 
revealed 

The Committee also recommends that a research 
programme be established by an appropriate founda- 
tion or agency m which scientists, scholars and 
teachers co-operate to design more adequate curricula 
planned to give all educated citizens an adequate 
mtroduction to those areas of science and technology 
essential to an understanding of the problems of a 
modern society 

Smee the content of courses in mathematical and 
scientific fields at both the secondary and under- 
graduate college level does not adequately recognize 
scholarly advances m these fields, the Committee 
recommends that present efforts be aggressively 
pursued and substantially expanded m brmgmg 
together leading scientists, scholars and teachers m 
these various subject-matter fields to seek 

(1) To brmg the course content m each subject at 
each level mto hne with the most modern scholarly 
research in its field, consonant with the level of 
instruction 

(2) To outhne, write, publish, and revise the 
necessary text-books and auxihary reading materials 
to achieve these objectives 

(3) To develop and supply adequate teachmg and 
learnmg aids of all appropriate kinds, including 
motion pictures, television, tape recordings, slides, 
and other audi-visual materials designed to aid the 
student ın understanding the subject more thoroughly, 
and especially to relieve the teacher of unnecessary 
burdens of preparation and instruction, and to enable 
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the outstandıng teacher to reach a much larger 
number of students 

(4) To develop and supply laboratory equipment 
and materials for science courses together with 
the necessary manuals and readmg materials to 
make the laboratory and field work a far more 
meaningful, useful and exciting aid to student and 
teacher 

On the qualty and effectiveness of teachers, the 
Committee would like scientists and engmeers m 
universities and industries to establish organized 
programmes of collaboration with high-school and 
college teachers ın order to reduce the gap in com- 
munication and understanding between these groups, 
rendermg assistance and providing teaching material 
to teachers and their students, and brmging high- 
school and college students and teachers mto more 
direct contact with scientific and scholarly work m 
universities and industry The economic and social 
status of teachers at all levels should be improved, 
enablmg them to devote more of their working time 
to teaching tasks rather than admimustrative chores, 
and allowmg them more time for preparation and 
study m therr chosen fields Private and government 
agencies should evolve State and national programmes 
for providmg substantial rewards, prizes, and other 
recognition to outstanding teachers in both elementary 
and secondary schools 

A research programme should be sponsored on a 
national scale to brig together a key group of 
scientists and scholars to collaborate with teacheis 
and educators on the problem of designmg more 
adequate curricula for the education of high-school 
and college teachers, especially in the sciences and 
mathematics, with the aims of reducing the alleged 
conflict between subject-matter and methodology, 
making teacher trammg programmes more attractive 
to the best students, and brmgmg about a better 
understanding between scholars, scientists, teachers, 
educators and the public m regard to the philosophy, 
goals, and methods of the educational system 

With the assistance and encouragement of the 
universities, the nation’s best scholars should jom 
the nation’s great teachers m the task of determmmg 
how the great teacher may be brought before an even 
larger number of students 

To recognize and encourage students, the Com- 
mittee asks the American people to accept as a 
national goal liftmg the student performance to higher 
levels of excellence by greater motivation and by the 
provision of rewards for intellectual achievement 
and more adequate and extensive opportunities and 
challenges to the highly gifted student A nation- 
wide effort should be made to pay more attention 
to the academically talented students (that 1s, those 
in the upper 15-20 per cent of the age-group im intel- 
lectual ability) and to the unusually gifted students 
(that 1s, those m the upper 3 per cent of the age- 
group) Such an effort should involve citizens, 
school-boards, parents, teachers, together with State 
and national agencies, public and private Talented 
students should be recognized at an early age and 
given guidance and counsel m planning their educa- 
tional programmes and ın preparmg for and choosmg 
college and university work These gifted students 
should be grven the necessary help m financmg their 
educational programmes in high school as well as in 
college and m graduate school Such students should 
be rewarded and encouraged for their achievement in 
order that they may take pride m intellectual excel- 
lence, even at an early age 
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In consıdermg the development of intellectual 
leadership, the Commuttee concludes that the mtel- 
lectual, cultural and material advances of any society 
depend upon the quality of xs leadership—upon 1ts 
scholars, teachers, lawyers, dustrial leaders, 
scientists, engineers, doctors, and other professional 
people “These mdividuals are stimulated and 
educated m the colleges, universities and graduate 
schools of the country ‘To stimulate and educate the 
intellectual leaders of the future, we maintain a wide 
variety of colleges and universities located m every 
region of the United States These mstitutions 
aie contmually seekmg to improve the quality of 
the intellectual experience which they offer to qualified 
students ın all fields All, however, need much more 
help and support m these efforts” 

The Committee 1s concerned about the slow pro- 
gress which many of these mstitutions seem to make 
in their dual task of providing all their students with 
an adequate introduction to science and technology 
and the part they play m modern society, and pro- 
viding adequate educational programmes to those 
with the talent for and interest m achieving profes- 
sional careers m science, engineering and technology 

The separate liberal arts college and the college of 
arts and sciences of the great universities constitute 
basic trammg grounds for most of the leaders of 
to-morrow There are overwhelming reasons why 
such ertizens should acquire a reasonable introduction 
to the principles of science and technology on which 
the modern mdustrial society 1s based Scientists 
and scholars should give greater attention to assisting 
the undergraduate colleges m providing adequate 
programmes in these fields 
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From these conclusions ib 1s specifically recom- 
mended that the curricular revision programme now 
bemg developed for high-school science courses be 
extended to undergraduate college courses in science 
and mathematics, aid be rendered to liberal arts 
colleges ın examming their curricula to assure that 
they are adequately providing for scientific education 
of the non-scientist as well as of the future scientist 
or engineer , 1mproving the number and quality of 
schools of science and engmeering should be accepted 
as a national goal, university graduate schools m 
science and engmeering should be enlarged m number 
and maproved in quahty, far greater emphasis bemg 
placed upon graduate work in engmeermg, the 
engineering colleges of the country should collaborate 
to improve and modernize their courses 1n engineering 
to ensure that able students are attracted to these 
courses and that they are given adequate training to 
meet the engmeermg and technological problems of 
to-morrow, government agencies concerned with 
research 1n science and engineering should re-examine 
the terms of their research support to educational 
institutions, with the view of avoiding placing a 
financial burden or penalty on such institutions by 
madequate coverage in research contracts or grants 
of costs properly chargeable as overhead and foi 
management allowances Without servmg as a 
subsidy m any way, proper handling of these fiscal 
matters can make certain that the research support 
will not affect adversely the opportunity to use the 
research effectively for the education of students, 
for the attraction and retention of able faculty mem- 
bers, and for the release of teachers and students from 
burdensome admunustiative and fiscal restrictions 


CURRENT TRENDS OF STRONTIUM-90, STRONTIUM-89 
AND C/ESIUM-137 LEVELS IN MILK 


By W ANDERSON, L K BURTON and J O CROOKALL 


Physics Department, Institute of Cancer Research Royal Cancer Hospital, London 


I is widely recognized that milk 1s an mportant 
proximate source of the long-lived fission products 
present in the human body In a recent communica- 
tion! we summarized the main information available 
on the levels of radiostrontium and radiocesium 
occurrmg m milk produced in Great Britam In the 
case of strontium-90, the evidence pomted to some 
regional and seasonal variation, but viewed over the 
period 1955 until May 1958 1t appeared that the levels 
had remamed fairly steady The picture for cæsium- 
137 was similar but was complicated by the additional 
deposition resultmg from the Windscale accident 
A 1ecent report by Booker? extended the available 
information on exsium-137 levels, and, m addition, 
showed that substantial mereases of these levels 
occurred during June 1958 m milk drawn from nme 
different areas ‘This article reports detailed expert- 
mental observations made by us on the levels of 
strontrum-90, strontium-89, and cssrum-137 occur- 
ring in milk produced in west Cardiganshire (Felinfach 
Creamery) throughout 1958 

'The samples referred to in this article form part 
of the series described previously? It was not possible 
to obtam dried-milk samples from the Creamery 
after September 1958 but the series was continued by 
employing liquid milk samples To ensure that the 
samphng procedure remamed as fully representative 


as hitherto, arrangements were made at the Creamery 
so that the final hquid sample was prepared from 
numerous periodic samplings of a total day's produc- 
tion The methods of measurement used were also 
essentially those described previously In the case of 
exsium-137 m liquid samples, the measurements were 
conducted on the ash, after a number of tests bad shown 
that no significant loss of this nuclide occurs during 
either the evaporation or ashing procedures employed 

As before, the samples were received at weekly 
intervals and measurements made on bulked samples, 
compounded from four consecutive weekly samples 
The values obtained for 1958 are shown m Fig 1 
The main features of the results for each nuclide 
studied are as follows 

Stronteum-90 As shown in Fig la, the strontium- 
90 levels started to rise 1n April from a steady winter 
value of about 75 sU, reaching values of 16 5- 
16 9s u during May-July (lsu = lye strontium- 
90/gm calcrum) ‘The levels are m the region of 
1480 during the autumn but rise agam to 16 68U 
durmg November The levels found for January and 
February 1959 were 13 4 and 15 3 s U , respectively 
It should be noted that the values found durmg 
January—April reflect levels present m winter fodder 
while later values until December reflect levels occur- 
ring in the pastures 
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Fig 1 Levels of fission products ın milk from Fehnfach, west 
Cardiganshire, Wales (1958) 


The values recorded after April 1958 are substan- 
tially higher than those found previously by us! for 
milk produced at Felmfach and by Bryant et al ? for 
milk derived from neighbourmg pastures (Carmar- 
then) Taken together the Felmfach and Carmarthen 
results gave a picture of fairly steady levels m the 
range 5 4-8 4 SU over the period October 1956— 
April 1958, with a temporary rise to values around 
10 su during October-November 1957 A com- 
parison of the mean level, 15 7 s U , for May—August 
1958 (Fig 1a) with the corresponding level, 70 su 
at Carmarthen ın 1957? shows the extent to which the 
levels of strontzum-90 increased m the pastures of 
this region between 1957 and 1958 

Stontwum-89 The occurrence of strontium-89 
m milk, at levels such as those shown in Fig 1b, 18 
a reflexion of recent weapons testing It wil be 
noted that the November level 1s approximately 
three times higher than the mean summer level 
although there 1s no similar increase in strontium-90 
levels This ıs due to the fact that strontrum-89 
present m deposited fission products 1s derived mainly 
from the tropospheric component of explosion debris, 
whereas, strontium-90 is mainly deposited from a 
stratospheric reservoir, depleted m  strontmum-89 
by natural decay? The mean November 1958 
strontium-89 value (310 uuc /gm calcium) 1s com- 
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parable with that found m October 1957 (280 uue /gm 
calerum)! 

The strontium-89/strontium-90 ratios are hsted m 
Table 1 as average values for each month during 
October 1957 to February 1959 These values may 
be compared with the strontium-89/strontium-90 
ratios, corrected to mid-month, reported by Stewart 
et al 5 for rain-water collected at Milford Haven, which 


‘hes 50 miles south-west from the centre of the 


Felmfach area This comparison shows that, during 
pasture feeding periods (Oct -Nov 1957, May-Aug 
1958) the monthly ratios for milk range from 46 to 
86 per cent of the corresponding ratios for ram-water, 
the average value being 70 per cent This 1s consistent 
with the 1esults of Bryant et al *, who found strontium- 
89/strontium-90 ratios ın herbage equal on average 
to 65 per cent of those m ram-water The strontium- 
89/strontium-90 ratios for 1adiostrontium in herbage 
and milk are smaller than the values m ram as a 
result of the mixing of current fall-out with earlier 
fall-out, depleted 1n strontium-89 

Casvum-19"7 On mspection of Figs la and c, 1b 
will be seen that the trend of cxsium-137 levels m 
these samples follows closely that of strontrum-90 
The essium-137/strontium-900 ratios throughout the 
year are similar to values obtamed for samples 
produced prior to the Windscale accident This 
result confirms the suggestion made earlier that 
cesium-137, deposited on these pastures from 
the Windscale pile, 1s no longer being incorporated 
m the grass 

The maximum error on cesium-137/strontium-90 
ratios, calculated from the values shown m Fig 1, 18 
estimated to be + 15 per cent The ratios (expressed 
as upe cesium-137/l Jupe  strontium-90/1) range, 
for bulked samples, from 8 7 to 10 5 (mean value = 
95) Withm the mits of experimental error, the 
ratios may therefore be regarded as constant The 
weekly variations of cæsium-137 levels during May- 
August are shown in Fig 2, together with a break- 
down of strontium-90 levels for the peak m June 
It appears from these results that for imdividual 
samples the czstum-137/strontium-90 ratio varies 
to a small extent, but that ın bulked samples, covermg 
a period of a few weeks, the fluctuations tend to 
average out 

As noted recently’, a practical advantage would 
be gamed if the comparatively straightforward 
estimation of cssium-137 m milk could be used to 
provide an indirect estimate of strontium-90 It 
appears that, for the present serres of samples, this 
approach would be 1eliable if supported from time to 
tme by direct strontium-90 estimations It ıs pos- 
sible, however, that the indirect estimations of 
strontium-90 could be misleading for samples derived 


Table 1 SiRONTIUM-89/STRONTIUM-90 RATIOS IN MILK (FELINFAOH) 








Strontium-89*/ Strontium-89*/ 
Month svrontium-90 Month strontium-90 
1957 1958 
October 29 0 July 77 
| November 166 August ~87 
December 58 September ~98 
1958 October — 
January 37 November 188 
February 265 December 110 
March 34 1959 
April 58 January 67 
May 72 February 49 
June 72 














* Computed for each month from Figs la and b with due allowance 
for overlap of values for bulked samples and calendar months 
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Fig 2 Cmsium-187 and strontium-90 levels in Fehnfach (milk 
during May to August 1958 O, strontium-90, 6, cesium-137 
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from pastures which are more intensively cultivated 
than those m the Fehnfach areas 

Detailed accounts of the world-wide deposition of 
long-lived fission products have been published by 
Stewart et al 45.9, giving a continuous picture of the 
accumulation of these radionuchdes on the ground In 
abtemptmg to estimate the future trends of fission 
product-levels m milk 1¢ 1s important to know how 
far the levels are determined by the rate of deposition, 
on one hand, and the cumulative deposition, on 
the other Previous reports on milk produced in 
Great Britam suggest that the levels of both stron- 
t1um-90 and exsium-137 depend more on the rate of 
fall-out than on total depositionL?!^ The present 
results throw further light on this complex question 

The most recent report by Stewart e£ al shows 
that the rate of deposition m Great Britam during 
the summer of 1958 was considerably greater than 
during previous summers It appears further that 
this mcrease was due in substantial measure to the 
occurrence of unusually high summer rams Usmg 
the values reported for specific activity m ram-water 
at Milford Haven, together with mformation on the 
rainfall at six meteorological stations m. the Felmfach— 
Carmarthen area, we estimate that the average total 
strontium-90 fallout m this region for May—August 
1958 was 2 8 times the correspondmg value for1957 
A similar estimation shows that the cumulative total 
rose between June 1957 and June 1958 by a factor of 
15 The results for strontrum-90 in Felmfach— 
Carmarthen milk provide firm evidence that the 
average level during May—August 1958 was approxi- 
mately double the corresponding 1957 level (compar- 
ing 15 7 sU, 1958, with 7 0s 0, 1957, gives a factor 
of 22) It will be seen from these figures that the 
increased levels m milk could be fully accounted for 
by the increased rate of fall-out, although an appre- 
ciable dependence on the cumulative total cannot be 
excluded Further information on the relative 
umportance of these different factors js given by the 
strontium-89 results, as discussed below 

It 1s not clearly known what fraction of the stron- 
tium-90 present m herbage enters the plant by direct 
uptake through leaves and stem, as opposed to entry 
from the soil via the root system®?° It appears that 
a large fraction of the strontrum-90 deposited on the 
ground 1s retamed by many soil types m the top few 
inches of the soil but agam ıt ıs not clear what 
fraction of the cumulative activity 1s available to 
the plant The present results show that the stron- 
tium-89/strontium-90 ratios m milk, produced durmg 
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pasture-feeding per.ods, are on average at least 70 
per cent of the values which would occur m the 
herbage if there was no contribution from the soil 
reservoir The ratios m milk durmg May-Augusb 
1958 are approximately five tumes the corresponding 
ratios for the cumulative totals of strontium-89 and 
strontium-90 ın the soul’ A simple calculation based 
on these results shows that less than 35 per cent 
(that 1s, 55 su) of the strontium-90 m the milk 
produced durmg May—August 1958 may be derived 
from the cumulative deposit ın the soul The results 
do not preclude the possibility that all the radio- 
strontium enters the herbage via the soil but, on that 
basis, only the deposit of the preceding 4-5 months 
would be involved It follows from these arguments 
that the 1958 morease of strontium-90 levels in the 
Felmfach samples is related mamly to the correspond- 
ing increase in fall-out rate Consequently the 118e 
in levels should be regarded 1n terms of a fluctuation 
rather than an morease to higher stable levels 

The striking parallel m the trends of strontium-90 
and cesium-137 (Fig 1) strongly suggests that rate 
of fall-out 1s equally important for both nuclides 
This result 1s m keepmg with previous indications 
of the importance of fall-out rate in the case of 
exsium-137 levels m mulk sampled both in Great 
Britam? and the United States Reports on the 
trend of strontium-90 levels m milk produced in the 
United States have tended to lnk the levels with the 
cumulative fall-out!21514 It ıs clear, however, that 
comparatively large, short-term fluctuations, mdiea- 
tive of a high dependence on fall-out rate, have 
occurred m. these levels!* 

It 1s not possible to forecast accurately the levels 
of strontium-90 and cesium-137 which will occur m 
mulk durmg the current year, since neither the 1959 
ramfall nor the influence of the 1958 series of weapons 
tests on the specific activity of the ram can be 
exactly predicted Provided that no further testing 
occurs, the levels of strontrum-89 m milk produced 
after the summer of 1959 might be expected to be 
less than one-tenth of the levels occurring during 
November 1958 

We wish to acknowledge our indebtedness to Prof. 
W V Mayneord, director of the Physics Department, 
Institute of Cancer Research (Royal Cancer Hospital), 
for his guidance and encouragement throughout these 
studies 

The studies were supported by grants from the 
Medical Research Council 
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OBITUARIES 


Mr. R P Howgrave-Graham 


By the death on March 25 in his seventy-ninth 
year of Robert Pickersgill Howgrave-Graham, a 
remarkable hfe devoted to such varied subjects as 
electrical science, horology and archeology was 
brought to ıts close 

Howgrave-Graham was born in Hampstead into a 
cultured family His father was the first secretary 
of the Institute, now the Chartered Institute, of 
Patent Agents 

During 1896-99 Howgrave-Graham studied electri- 
cal engineering at Fmsbury Technical College under 
Silvanus Thompson, whom he revered throughout 
lus hfe as his teacher and his friend Appoimted a 
demonstrator upon the completion of his course, 
Howgrave-Graham began to assist Silvanus Thompson 
in his researches, to undertake teaching duties, and to 
experment with Herzian waves and high-frequency 
electric currents He showed himself to be an 
exceptionally lucid, sympathetic and enthusiastic 
teacher and an expermmentalist of high ability 

In the years prior to the First World War, How- 
grave-Graham was associated with Lodge and 
Muirhead m the perfection of the wheel coherer, and 
he devised during the same period a reed, or fork- 
maintained, phonic motor of relatively high power 
Durmg the War, Howgrave-Graham, who was not 
physically fit for active service, contmued his teaching 
at Finsbury and engaged 1n. various research projects 
for the Fighting Services Tho sudden death in 1916 
of Silvanus Thompson. left him to carry on, practically 
single-handed, the teachmg of physics and electrical 
engineering at Fmsbury 

In 1919, Howgrave-Graham left the Finsbury 
Techmecal College and took up a smilar lectureship 
at the Northampton Polytechnic, where he contmued 
his teaching work until his retirement in 1945 

Within a few months of the end of the First World 
War, Howgrave-Graham became engaged m the impor- 
tant patent action resulting from the application of 
Flemmg and the Marcon: Company for an extension 
of the term of Flemung's mam thermionic diode 
patent of 1904 He gave evidence m support of the 
De Forest Company 

Although a teacher of distinction and a contributor 
to the early development of wireless telegraphy, 
Howgrave-Graham's best-known work is not in the 
field of electrical engmeering but ın that of archxo- 
logy He became an acknowledged expert on 
medieval maehmery and in particular on church 
clocks His two greatest works m this field were his 
researches associated with the restoration of the 
Wells clock, now in the Science Museum, and the 
Salisbury clock, which was remstated 1n the Cathedral 
m 1956 Howgrave-Graham’s patient and accurate 
historical research on these clocks, which not only 
contributed notably to them restoration but also 
incidentally established their dates at 1392 and 1386, 
respectively, was a work of real scholarship 

Photography was, for him, handmaiden to archeo- 
logy The art of photographing the interesting and 
beautiful features of the architecture of medieval 
buildings was one at which he excelled and many of 


his photographs, some of striking beauty, have been 
reproduced ın books on Gothic art 

Happily for him, retirement from teaching pre- 
sented a unique opportunity to devote himself smgle- 
mundedly to his archeology He was appointed as 
assistant keeper of the muniments at Westmimster 
Abbey There ho carried out much skilful restoration 
work, including the remstatement and preservation 
of the earher funeral effigies which had suffered 
severe damage by water durmg an incendiary bomb 
attack Huis work on the effigies of Edward IIT and 
Henry VII revealed that the features of these effigies 
were actual death masks 

Quiet, kmdly and sensitive, Howgrave-Graham 
was endowed with courage and perseverance and 
above all with the spirit of mquwy There was, 
however, somethmg more which made him the 
delightful and lovable character which he was He 
enjoyed sharmg his discoveries, he had a keen sense 
of humour and he never took himself too seriously 
Howgrave-Graham's sense of humour was part and 
parcel of his feeling for the quamt and the mcon- 
gruous Perhaps that is why he was so much m tune 
with the touches of humour of the medieval illumin- 
ator or stone mason 

Howgrave-Graham married ın 1944 Miss Beatrice 
Purdy, who survives him J GREIG 


Dr W A Hargreaves 


De Wurm AnTHUR HARGREAVES died at 
Adelaide on March 31 m his nmety-third year After 
an outstanding scholastic career m. the University of 
Melbourne, where he took degrees in arts, science and 
cıvıl engineering, Hargreaves occupied a number of 
teaching positions ın Victoria and Queensland 
between 1889 and 1916, when he was appointed 
director of the Department of Chemistry and Govern- 
ment Analyst for South Austraha, a position he 
occupied until his retirement m 1932 

though Hargreaves was an outstanding analyst 
and a capable research worker (he was awarded the 
DSc of the University of Adelaide in 1916) his 
greatest contributions to chemistry ın Australia arose 
out of his interesb ın the teaching of the subject and 
the part he played in the formation of societies for the 
promotion of the profession He was a member of the 
Faculty of Science of the University of Adelaide for 
thirty-one years and served also on the Australian 
National Research Council and the Council of the 
South Austrahan School of Mmes He was an 
executive officer of the Society of Chemical Industry 
of South Australia throughout its short life (1915— 
19) and a foundation member of the Royal Aus- 
tralian Chemical Institute, of which he was president 
durmg 1919-21 

Outside his profession, Hargreaves’s greatest 
interest was m motoring , he was the first person in 
Austraha to obtam a driving licence and the first to 
register a motor-car m South Australia, holding the 
number plate S A 1 from 1906 until 1955 In 1894, 
he married Camila Maud Nicholls, of Melbourne, 
by whom he had a daughter Both his wife and 
daughter predeceased him Harotp J Roppa 
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NEWS and VIEWS 


Psychology at Sheffield Dr H. Kay 


Dr H Kay, at present lecturer m expermental 
psychology at Oxford, has been appointed to the 
newly established chair of psychology at Sheffield 
Dr Kay 1ead psychology after the English Tripos 
at Cambridge and for a number of years worked 
in the Nuffield Unit for research mto pioblems of 
ageing at the Psychological Laboratory there Durmg 
this time, he gamed considerable experience of the 
application of experimental methods to the mvestiga- 
tion of manual and other skills He also took part 
m field work undertaken by the Unit and was a 
member of the Naval Medical Expedition to the 
Arctic in 1949 In 1951, he was appomted to his 
present Oxford post and played a large part ın the 
development of the Honour School of Psychology, 
Philosophy and Physiology which was taking place 
at that time Durmg the period 1953-56 he led a 
small team with outstanding success in research 
sponsored by the Conditional Aid Programme into 
the fundamentals of mdustrial skis He and his 
colleagues have smce extended this work in fruitful 
directions Dr Kay recently spent a year at the 
National Institutes of Health, Bethesda Durmg 
his years at Oxford, Dr Kay has been active not 
only m university but also m college teaching, 
and has latterly been tutor ın psychology at Balhol 
and Merton 


Flectrical Engineering in the University of Western 
Australia * Prof A R Billings 


Dr A. R Barmes, who has been appointed 
professor of electrical engmeering in the University 
of Western Austraha, graduated from the University 
of London m 1949, taking his Ph D degree ın 1957 
Durmg 1951-52 he worked as a scientific officer in 
the Royal Naval Scientific Service before bemg 
appomted lecturer in electrical engimeermg (elec- 
tronics and communications) m the Univesity of 
Bristol Huis principal mterests are in the band-width 
compression of speech, and in the less usual applica- 
tions of semiconductors Hais earlier work m the first 
field has resulted ın the production of a vocoder 
which is both simpler and more efficient than the 
conventional vocoders, while his later work has 
been concerned with the development of a formant 
tracker, and a simple synthesizer to go with ıb In 
the semiconductor field Dr Billings's main interest has 
been in appheation of the Hall effect im the new 
semiconductor compounds This has resulted m the 
production of a suppressed-carrier modulator with 
very low carrier leak, and of a Hall-effect correlator 
which, when used in conjunction with the early 
vocoder, has provided new mformation about the 
properties of speech 

The chair of electrical engineering in the University 
of Western Australia 1s newly established, and Dr 
Buillmgs wil be the first holder The research in 
which he has been engaged ıs mdividual work which 
can be carried on with small-scale apparatus, and he 
will take with him to Australia some of his equipment 
from Bristol 


Rockefeller Foundation Grants to CSI R.O (Aus- 
tralia) 


THe Australian Commonwealth Scientific and 
Industrial Research Organization has formed a new 
Division of Tropical Pastures with headquarters m 
Brisbane Dr J Griffiths Davies, associate chief of 
the CSIRO Drvision of Plant Industry and officer- 
in-charge of the Organization’s Plant and Souls Labor- 
atory, Brisbane, has been appointed first chief of the 
new Division, which will continue to work 1n associa- 
tion with iis parent CSIRO Division of Plant 
Industry Establishment of the Division of Tropical 
Pastures reflects the Organization’s appreciation of 
the importance of developing pastures m the summer 
rainfall areas of Australia, and of the scientific 
standing of the Brisbane group 

The Rockefeller Foundation has given 30,000 
dollars for special equipment for the newly formed 
Division The grant will help equip the new Cunnmg- 
ham Laboratory, which 1s nearmg completion The 
new laboratory 1s next to the University of Queens- 
land at St Lucia, near Brisbane, and will be the 
headquarters of the CSIRO Duvision of Tropical 
Pastures The Division will use its grant to purchase 
& mass spectrometer and equipment for work with 
radioactive isotopes These will be used to expand 
the Drvision’s work on mitrogen and phosphorus, 
which are the most important deficiencies in Queens- 
land sols Dr J G Davies expects that research 
will make possible a great mcrease m the carrying 
capacity of Queensland's pastoral areas 

This ıs the third large grant that CSIRO has 
received from the Rockefeller Foundation in recent 
years Recently the Rockefeller Foundation gave 
100,000 dollars for special equipment for the Organ- 
ization's Divisions of Plant Industry and of Entomo- 
logy at Canberra The Foundation also provided 
250,000 dollars towards the cost of the giant radio 
telescope which will soon be constructed at Parkes, 
New South Wales, for the CSIRO Druvision of 
Radiophysics 


Radio Telescope for Australia 


Ir has been announced that the contract for the 
Commonwealth Scientific and Industrial Research 
Organization’s giant radio telescope, which 1s to be 
located at Parkes, New South Wales, has been placed 
with the German firm of Maschinenfabrik Augsburg— 
Nuernberg AG Dr E G Bowen, chief of the 
Organization’s Division of Radiophysies, has played 
a leading part m completing the design of the radio 
telescope It 1s expected that the total cost of the 
project will not be far short of £A750,000 Donations 
towards this have already come from the United 
States (from the Rockefeller Foundation and the 
Carnegie Corporation) and from mdustry and from 
private donors in Australa Work to prepare the 
site 18 already in hand, and a start will be made to 
erect the telescope about the middle of 1960 A 
feature of the telescope will be rts radio ‘mirror’, a 
saucer-shaped bowl 210 ft m diameter and covered 
in wire mesh This ‘mirror’ will pick up radio signals 
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from the outermost frmges of the universe It will 
be slightly smaller than that of the only other giant 
radio telescope at present in existence (at Jodrell 
Bank, England) However, the surface accuracy 
of the Australian radio telescope and the precision 
with which ıt can be pomted and driven will all be 
substantially higher 


Proton Linear Accelerator 


TuE 50 milhon electron volt proton linear accelera- 
tor at the Rutherford High Energy Laboratory, 
Harwell, came mto operation on July 12 This ıs the 
first accelerator at the National Institute for Research 
in Nuclear Science to come into operation It will be 
used foi nuclear research by physicists from universi- 
ties, the Atomic Energy Authority and a resident 
team based at the Rutherford Laboratory When in 
full operation ib ıs expected to have a proton beam 
intensity many times greater than other accelerators 
of this kmd Because of the high intensity and very 
well-defined energy ıt will be possible to do experi- 
ments of great value m the study of the mteraction 
between nuclear particles The main parts of the 
accelerator were designed and constructed for the 
Atomic Energy Authority by Metropolitan Vickers, 
Ltd , m collaboration with a team of physicists and 
engineers from the Atomic Energy Research Estab- 
lishment who also carried out basic development 
work on the accelerating structures, and were 
responsible for the other parts of the machme 


High-Pressure Oxygen and Radiotherapy 


Ir ıs now well established that when certain cells 
are deprived of oxygen they become more radio- 
resistant, and recent work has demonstrated a simular 
effect upon mahgnant cells Thomlinson furthermore 
suggested that m some malignant tumoursa proportion 
of the cells were deficient m oxygen, due essentially 
to an inadequate local emculation, which could lower 
them radiosensitivity On this basis, Dr I Churchill- 
Davidson, Dr C Sanger and Dr R H Thomlinson 
started ın 1954 at the Radiotherapy Department of 
St Thomas’s Hospital a preimmary mvestigation of 
the effects of radiating certain malignant tumours 
in patients breathmg 15-20 times the normal amount 
of oxygen while in & pressure chamber, which had 
been. designed and presented by Sir Robert H Davis 
To obtam adequate wradiation at a depth without 
severe skin damage, y-rays fiom a cobalt teletherapy 
unit were used 

Prelmoumary results m the treatment of advanced 
carcinomas were encouraging, and m order to try 
to overcome the lunitations of the early prototype 
apparatus a new unit, specially designed for this 
purpose, has recently been installed at St Thomas’s 
Hospital Essentially, the unit consists of an alum- 
iuum piessure chamber, also presented by Sir 
Robert Davis, mto which are led oxygen pipes and 
multiple leads which enable the patient to be kept 
under controlled anesthesia and observed electronic- 
ally, although not seen, during treatment A twin- 
headed cobalt-60 teletherapy unit has also been 
installed with this chamber, so designed ın order to 
reduce the time of treatment to a minimum 


River Purification 


Tue growth of population and mdustry has pro- 
duced problems of river management which had not 
been. foreseen and are not capable of immediate solu- 
tion Many of the worst cases m Britam are in 
areas where industry developed and population grew 
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rapidly between 1750 and 1850, the seriousness of 
the problem was not appreciated until 1t had reduced 
many of the rivers to an appallmg condition It 
was, however, a very long time before it was 
appreciated that the effects of modern developments 
in industiy and in whbanization on surface waters 
must be taken mto account when plans for the future 
are bemg made Even as late as the 1920’s the 
establishment of the beet sugar industry m Britain 
gave rise to an alarming pollution problem which 
threatened to turn many of the rivers in our rmal 
areas rnto a condition as foul and offensive as those 
in the old mdustrial areas About the same time, 
the growth of 10ad transport led to the use of tar as 
a surfacing material for roads and that gave rise 
quite unexpectedly to a pollution problem which 
could have had serious effects on fisheries had ıt not 
been tackled ın time From then on it began to be 
realized that the prevention of pollution was, in fact, 
a practicable proposition and was possible if those 
concerned, whether industry, local authority or rive 
authority, appreciated the problems and discussed 
them with other water interests before the waste 
waters had to be discharged Eventually, this 
arrangement became an integral part of the Rivers 
(Prevention of Pollution) Act, 1951, which provides 
that the consent of a 11ver board 1s necessary to 
any now discharge made into non-tidal waters 
According to F T K Pentelow, of the Fisheries 
Department, Mmuistry of Agriculture, Fisheries and 
Food (Sczence Progress, 47, No 185, January 1959), 
that change of policy seems to be having good results, 
for the very considerable dustrial expansion which 
has occurred since the War has not, so far, given rise 
to pollution problems on anything like the scale ıt 
would have done one hundred years ago 


Federation of British Industries 


In the forty-second annual report of the Federation 
of British Industries for 1958 (pp vi+42 London 
Federation of British Industries, 1959) it ıs stated 
that the gradual discontmuance of research on 
defence projects sponsored by Government depart- 
ments has necessitated a fundamental appraisal of 
the future finance and organization of industrial 
research Discussions at the National Production 
Advisory Council on Industry showed that the 
Government’s plans put forward by the office of the 
Lord President of the Council required a detailed state- 
ment of industry’s pomt of view The Federation’s 
Industrial Research Committee has already formu- 
lated an mtermm statement, which was submitted to 
the Advisory Council ın June 1958, and is now under- 
taking a detailed study of certain aspects of British 
1esearch practice in relation to methods adopted 
abroad ‘The report also notes the establishment by 
the Federation’s Education Committee, m co-opera- 
tion with representatives of the Publisheis’ Associa- 
tion, Ashb the universities and the technical colleges, 
of a panel to mvestigate the alleged shortage of 
advanced British text-books 


Technological Education in Britain 


THE tenth annual report of the London and Home 
Counties Regional Advisory Council for Technological 
Education (pp 28 London, 1958) covers the year 
ended August 31, 1958, and refers to a complete re- 
organization of the Council Under tts new con- 
stitution, the approval of location of courses under 
the Ministry of Education's Admmustrative Memor- 
andum 545 will be carried out by the Distribution of 


No 4680 July ll, 1959 


Courses Committee, and a sub-committee of this 
committee, which considered the future development 
of the Council's work, 1ecommended that the help of 
advisory committees should be soughs m considering 
what advanced educational facilities are required for 
specific industries and m suggesting future distri- 
bution of courses A committee has been formed to 
consider the relation of the universities with the 
technical colleges The regional academic board 
arranged a very successful one-day conference on 
“Science and the Nation the Role of the Grammar 
Schools and the Technical Colleges” Of the 141 
courses approved to start m 1958-59, 14 were m 
applied science and mathematics, and 74 m engin- 


eering , of the total, 36 were full-time and sandwich 
courses 


Smithsonian Publications 


A LIST of Smithsonian Pubheations available for 
distribution on June 30, 1958, has been compiled by 
Eeen M McCarthy (pp vi+54 Washington, D C 
Smithsonian Institution, 1958) The papers are dis- 
tributed gratis, except where price is given, to 
applicants requimng the papers as an aid to their 
researches oi studies Justification 18 requn ed 1f more 
than one copy each of ten publications is requested, 
and requests should be addressed to the Publications 
Distribution Section, Editorial and Publications 
Division, Smithsonian Institution, quoting the pub- 
lication numbeis in sequence The publications are 
listed under some sixty-four subject headings, 
arranged alphabetically 


Pharmacy as a Career 


THE latest booklet m the choice of careers series 
issued by the Central Youth Employment Executive 
(HMSO, 9d) describes the work of pharmacists n 
each branch of practice and mdicates the qualities 
needed for the profession , mformation 1s also given 
about the educational qualifications and trammg 
required The purpose of the booklet 1s to help 
boys and girls to decide whether they are likely to 
find a satisfactory career in this profession , m most 
eases the decision as to which branch of practice 
students should follow 1s best left until they have gone 
at least some way with therr trammg and can properly 
appreciate the relative attractions of the various 
branches m which they can later specialize 


Institute of Physics ‘‘Notes for Authors” 


Tux Institute of Physics has recently published a 
revised edition of its 36-page booklet to assist authors 
and to serve as a work of reference for all those who 
wish to contribute to the Institute’s publications 
Under its new title, “Notes for Authors", 16 gives 
hints on the preparation of scripts and diagrams, on 
the layout of mathematics, the correction of proofs, 
and so on In addition to a bibliography of reference 
books and works on technical writing, the pamphlet 
also contams lists of the spellmgs, symbols and 
abbreviations used by the Institute Copies of this 
booklet are obtamable from the Institute of Physics, 
47 Belgiave Square, London, S W 1, price 3s 6d 


US National Academy of Sciences 
Foreign Associates 
Tue following have been elected foreign associates 
of the US National Academy of Sciences Dr V A 
Ambartsumian, director of the Burakan Observatory 
m Erevan, Soviet Armenia, Sir Edward Bullard, 
assistant director of research in the Department of 
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Geodesy and Geophysics, University of Cambridge , 
Prof Max Hartmann, Max Planck-Institut fur 
Biologie, Tubingen , Sr Wilham Hodge, Lowndean 
professor of astronomy and geometry, University of 
Cambridge 


Birbal Sahni Memorial Medal 


THE Birbal Sahn: Medal for 1958 has been awarded 
to Prof P Maheshwari, professor of botany m the 
University of Delhi This Medal was mstituted by the 
Indian Botanical Society through a generous grant 
of 2,500 rupees made by Prof T S Sadasivan of 
Madras in 1957 to commemorate the memory of 
the late Prof Birbal Sahni It is awarded every 
year to a distinguished Indian botanist for his 
contributions and services to botany m India The 
first medal (for 1957) was awarded to Prof M O P 
Iyyengar 


United Steel Companies, Ltd 
Research Department 


Dr K J Irvine has been appomted deputy 
research manager of the United Steel Companies, 
Ltd He has relinquished his present duties as head 
of the metallurgy section, which 1s to be reconstituted 
Mr J D Murray has been appomted head of a new 
section to be known as applied metallurgy, which 
embraces high-temperature metals, alloy development 
and weldmg Mr F B Pickermg has become head 
of another new section on physical metallurgy, which 
deals with the more fundamental aspects of thus 
subject 


Announcements 


S Jom RUSSELL, formerly director of the 
Rothamsted Experimental Station, has been elected. 
a member of the Polish Academy of Sciences 


Dr D J Price has been appomted visiting 
professor of the history of science in. Yale University 
for the academic year 1959-60 During the past year 
Dr Price has been John W Donaldson Fellow and 
member of the School of Historical Studies at the 
Institute for Advanced Study, Princeton, New 
Jersey 


Mr Gwitym Huemes has been appointed to succeed 
Mr Donald Hudson as president of the Pharma- 
ceutical Society of Great Britam, and Mr Tom 
Reid becomes vice-president in succession to Mr 
Hughes Mr W Spencer Howells 1s treasurer for the 
thirteenth successive year 


THE Royal Society of Edinburgh, 22 George Street, 
Edmburgh 2, has arranged to microfilm the thirteen 
volumes of the David Hume manuscripts Copies of 
the microfilm will be available by purchase only, and 
libraries mterested are mwited to send forward their 
names, when further particulars will be circulated 


Tse Journées Métallurgiques d'Automne of the 
Société Frangaise de Métallurgie will be held ın Paris 
durmg October 19-24 The subject is “Les Gaz 
dans les Métaux? Further information can be 
obtained from the Société Frangaise de Métallurgie, 
25 Rue de Clichy, Paris 9e 


Erratum Dr G Di Sabato writes “In my com- 
munication entitled ‘Effect of Reduced Diphospho- 
pyridine Nucleotide on the Swelling of Isolated 
Mitochondria’, published in Nature for April 4, p 
997, column 2, ‘sucrose 690 moles’ ım lme 6 should 
be ‘sucrose 1,200 pmoles’, and ‘180 pmoles’ m line 8 
should be ‘18 moles’ ” 
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THE GRADUATE SCHOOL IN MATHEMATICAL PHYSICS AT 
BIRMINGHAM 


N 1956, a Graduate School m Mathematical 

Physics, leading to a diploma, was mstituted in 
the Department of Mathematical Physics of the 
University of Birmmgham It had been noticed 
that students who graduated ın the honours school of 
mathematical physics m the Department seemed well 
equipped, and considerably m demand, for work 
involving the applications of mathematics to physical 
problems m industry, government laboratories, etc , 
because of the traming they received 1n. the principles 
of physics, and particularly in the techniques of 
translatmg physical problems mto mathematical 
terms, and of interpretmg the solutions from a physical 
pomt of view 

Entry to the honours course at Birmingham 18 
restaicted to students of high ability, who must 
have the appropriate background in ther school 
tramıng, since the three-year course makes fairly 
heavy demands on the students It seemed likely 
therefore that a one-year postgraduate course would 
be of advantage to students who had taken a degree in 
mathematics, because they could not—or did not 
choose to—enter the mathematical physics course, 
or who graduated from universities at which such a 
course was not available 

The three years of operation of the Graduate 
School have provided sufficient experience to judge 
that 1t can serve the purpose for which 1t was mtended, 
and that ıt ımparts to the students knowledge and 
experience which serves them well in their later work 
The course extends over one academic year (October 
to July) and is normally intended for honours 
graduates m mathematics with subsidiary physics 
In some cases 1t proved possible to fit m students 
with somewhat different qualifications Lecture 
courses attended by the students include a course in 
methods of mathematical physics (given so far by 
Dr J G Valatm, who is m general charge of the 
Graduate School), which forms the central theme of 


their introduction to the outlook of a mathematical 
physicist In addition, students normally take 
selected parts of the lecture courses for honours 
physicists, and those parts of the final-year course 
for mathematical physicists (electromagnetic theory, 
hydrodynamics, quantum mechanics) which they 
have not previously covered, and which suit their 
particular needs Other options include mathematical 
statistics, numerical methods, elasticity theory, 
statistical mechanics, and usually at least one course 
m one of the applied science departments All 
students attend a weekly semmar arranged specially 
for the Graduate School m which they contribute 
themselves, and otherwise hear talks by members 
of the research group in mathematical physics and 
others It has proved possible to arrange for each 
individual student a combination of courses which 
suits his particular mterests and knowledge 

Although many of these courses are given for other 
purposes, students find ıt easy to synthesize their 
work and to build them into a common foundation 
of understanding 

The number of students in the course has remained 
small m the first three years, and 1s likely to continue 
small until the existence and purpose of the course 
become more widely known It 1s therefore premature 
to give any statistics of the subsequent occupations 
of students who have obtamed the diploma These 
included work m industry and government laboratories 
as well as academic research (One student took up 
postgraduate work m the Mathematical Physics 
Department at Birmingham, and two jomed an 
applied science department m the University ) 

The development of the Graduate School was 
greatly aided by the award of advanced course 
studentships of the Department of Scientific and 
Industrial Research, and ın some cases by grants 
from the University of Birmingham 

R E PEIERLS 


WATER-RESOURCES AND WATER-USE SURVEY 


HE study of the use and conservation of 
water resources 1s a relatively new geo- 
physical science and one that impinges closely on 
other sciences such as meteorology and chmatology, 
geology and geomorphology, agriculture, economic 
geography, demography, ete The importance m the 
modern world of economic and land-use planning, 
particularly with reference to so precious a raw 
material as water, involves the collection of a vast 
and varied amount of data and mformation relevant 
to the assessment of water resources, on not only a 
national but also an uwnternational basis Two papers*, 


* World Meteorological Organization Technical Note No 25 
Design of Hydrological Networks Prepared by Max A_ Kohler 
Technical Note No 26 Techniques for Surveying Surface-Water Re- 
sources Prepared by Prof Ray K Linsley Pp v+16+xl+41 
(WHI-No 82 TP 32) (Geneva Secretariat of the World Health 
Organization, 1958) 4 Swiss francs 


published by the World Meteorological Organization, 
are useful statements m this important field, particu- 
larly m view of the varying scientific standards of 
recording and observation that are available and 
possible in different world regions 

M A Kohler summarizes briefly the types of 
hydrological data, the network density of observations 
required, and network planning, and the techniques 
for estimating hydrological data that can be used 
Attention is directed to the impracticabilty of 
devising a universally standaidized procedure and a 
scheme 1s put forward for the creation of a mmimum 
cover of permanent full, partial, and temporary 
observational stations 

The second, longer, technical paper 1s more closely 
concerned with techniques for the surveying of surface 
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water resources mn a region, and providing estimates 
of usable water supply Attention 1s given to methods 
which are adapted for use 1n the absence of adequate 
hydrological data and to sumple techniques of 
observing hydrological phenomena which may provide 
useful data with least cost ın time and money | Despite 
the importance of ground-water circulation in all 
regions—and especially m arid regions—the survey 1s 
lamited to the discussion of techniques with regard 
to surface resources These are a guide to the estima- 
tion of requistte rates of replemshment of ground 
water that are necessary for the effectrve use of the 
latter over a period of time ‘The mam topics discussed 
aie the hydrological balance, preeipivation, evapo- 
transpiration and its measurement, stream-flow, 
sediment transport and water supply, and a summary 
direction for procedure m the matter of water-resource 
surveys 

The special problems and peculiar needs of a densely 
populated and highly mdustrialzed country such as 
Great Britam are summarized m an interesting discus- 
sion on à water-use survey opened by Prof W G V 
Balehm (under the chawmanshıp of Prof Dudley 
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Stamp), with contributions from experts representing 
a very wide range of technical interests 1n. this impor - 
tant field (Geog J, 124, 476, 1958) Prof Balchm 
directs attention to the dramatic mereases m water 
consumption in Britam during the past century, 
culmmating in an increase of 50 per cent in England 
and Wales and 41 per cent m Scotland during the 
short period 1938-56 The water storage capacity 
in the same time has increased by only 46 per cent 
and 31 per cent, respectively The area where the 
consumption. 1s greatest 19 the area where population 
is densest and the rainfall least, and where the local 
resources are already fully employed—that 1s, m 
lowland Britam and particularly ın the great urban 
and industrial complexes 

These papers are a salutary remmder, through the 
many facets to the problem of water conservation 
that they reveal, of our ultimate dependence on water 
resources and our need to avoid over-exploitation 
of a raw material that, m Great Britam at least, 
people assume all too readily 1s m abundant supply, 
and for which m many others the supply is already 
precarious ALICE GARNETT 


CARNEGIE TRUST FOR THE UNIVERSITIES OF 
SCOTLAND 


HE fifty-seventh annual report of the Executive 
Commuttee of the Carnegie Trust for the Univer- 
sities of Scotland covers the year 1957—58 (pp ıv +74 
Edmburgh Carnegie Trust for the Universities of 
Scotland, 1959) and meludes the financial accounts 
for the year ended September 30, 1958 A major 
preoccupation of the Executivo Committee durmg 
the year was the formulation of a policy to implement 
its new powers of investment Durmg the year there 
were on the books five semor research scholars, 
thirty-srx research scholars ın them second or third 
year, and twenty-five m ther first year For 1958-59 
the value of the senior scholarship has been increased 
to £500 (with an additional £100 for expenses), while 
scholars at Oxford, Cambridge and London will 
receive £450, scholars hvmg away from home, 
attending a Scottish or an English provincial univer- 
sity, £400 , and scholars hving at home and attending 
a Scottish university, £350 A grant of £4,000 a 
year for five years from the end of 1958 was made to 
the Scottish Dictionaries Jomt Council, subject to 
some conditions with regard to progress Ten of the 
research grants awarded during the year were for 
expenses involved m illustrating the published results 
of research and five grants were made to authors as 
a subvention towards the cost of publishing their books 
Fow grants are particularly mentioned The Trust 
has provided a special heavy-duty vebicle and a 
‘Folboat’ with outboard motor and a grant for running 
expenses to assist Prof J H Burnett and Dr D H. N 
Spence, of the University of St Andrews, 1n preparing 
a comprehensive account of the aquatic vegetation of 
Scotland, a research which mvolves crossing many 
moorland roads to examine distant mountain lochs 
A grant of £2,500 was made to Prof R H Matthew, 
of the University of Edmburgh, for a study by a 
research team correlatmg the problems of the design 
of basic dwellmg units, lay-out, siting and services 


with social requirements, with specific reference to 
contrasting types of social grouping and including a 
cost study Another grant was to the University of 
Glasgow North Rona Expedition, which spent about a 
month on North Rona and Sula Sger, paying particu- 
lar attention to marme biology Some very rare 
species of algae were found and a special census was 
made of Leech's petrel A second successful expedi- 
tion, assisted by a grant from the Trust, was one from 
the University of Aberdeen, led by Prof A C O’Dell, 
to St Niman’s Isle, Shetland, nm June-July 1958, in 
which a most important collection of silver ornaments 
‘was uncovered 

Of the ten grants for travel and mamtenance made 
to members of university staffs engaged ın research, 
three were to members of a faculty of medicine, 
four m science and three ın arts Among these may 
be mentioned those to Dr W I Card to enable 
him to visit centres m the United States and Canada, 
where work of interest and importance m gastro- 
enterology 1s proceeding , to Mr Alastair Fraser, to 
work in Copenhagen m the laboratories of Prof M 
Thomsen and Dr E Thomsen, leading authorities on 
insect endocrmology, and later ın Liège, Brussels and 
Paris, to Dr C H Gimmgham to enable him to 
follow up in Scandinavia his investigations m Scottish 
heaths, armed at gaming a comprehensive picture of 
the ecology of heather, moludmg its reactions to 
grazmg and burnmg and influences of soi climate 
and at utihzmg this formation 1n an investigation 
of the ways m which heath lands have originated 
and are mamtamed, to Dr Elzabeth D Fraser, to 
enable her to test 1n America some of her hypotheses 
regarding perceptual constancy as a function of per- 
sonahty and learnmg and the effect of metabolic 
disturbance, and to Dr P H. Tuft, to discuss his 
expermnental techniques m embryology ın the 
United States 
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THE SCHOOL HEALTH SERVICE IN BRITAIN 


HE School Health Servıce ıs fifty years old 
In the half-century of its existence there have 
been remarkable ehanges m the health of school 
children, and m the pattern of illnesses affecting them 
Both boys and girls to-day are taller and heavier, 
better clad, better shod and cleaner They reach 
physical maturity earlier and may expect to live 
twenty years longer In sharp contrast to the condi- 
tions of malnutrition found only too commonly 
50 years ago, medical attention 1s now bemg drawn 
towards an mcieasing number of school children who 
are too fat 
The annual report* of the Chief Medical Officer 
presents these facts and discloses among other vital 
statistics that the killmg and crippling diseases 
prevalent at the turn of the century—tuberculosis, 
rickets and rheumatism—bave been practically 
eliminated The remaining causes of cripplmg and 
other forms of handicap are now mamly congenital 
or hereditary m origm Accidents still kill twice as 
many children as die from disease, and road accidents 
are responsible for half the deaths recorded Boys 
are more lable to death on the road than gurls, 
leaving school m the afternoon is one of the most 
risky periods of the day 
Nearly 250,000 children were found to have 
verminous heads m 1957 This 1s about 4 per cent 
of the total school population “This condition 1s 
preventable and there ıs seldom any excuse for 1b”, 
says the report ‘It 1s essentially a family problem, 
children bemg mfested and re-mfested by adults" 
The current question of smokmg and its relation to 
lung cancer provides “‘a striking example of the need 


* The Health of the School Child Fifty Years of the School Health 
Service (Report of the Chief Medical Officer of the Ministry of 
Education for the years 1956 and 1957) Pp 1--220--12 plates 
(London HWM Stationery Office, 1958) 10s 6d net 


INCENTIVES IN THE 


RECENT Building Reseaich Station report* 
on incentives in the bwldmg industry shows 
that bonus schemes have an important contribution 
to make to building efficiency The maximum 
benefit can only be derived, however, if they are 
integrated into a rational pattern of management 
The report enumerates principles on which an ncen- 
tive scheme should be based as well as the method of 
operation if ıt ıs to be successful 
Operation targets, coupled with a recording system 
giving operation costs, should be used whenever 
possible The operations should be the visual stages 
of work, of about one week’s duration, and contmuous 
jobs with no hold-ups for other trades 
The scheme should be designed to suit mdividual 
needs and local conditions This calls for flexibility 
in targets to suit the local productivity of labour and 


* Department of Scientific and Industrial Research Building 
Research Station National Building Studies Special Report No 28 
Incentives ın the Building Industry By Alison Entwistle and W J 
Reimers Pp iv+43 (London HM Stationery Office, 1958 ) 3s net 


for boys and girls, while still at school, to be taught 
something about healthy hving—by example, per- 
haps, more than by precept In spite of all that has 
been said and written about the close connexion 
between the two, many children still smoke cigar- 
ettes" A recent inquiry carried out at a mixed 
secondary modern school in the Isle of Wight disclosed 
that about a third of the boys and 15 per cent of the 
girls were regular smokers 

The incidence of dental decay has increased in the 
past few years among school children, and 1s due 
"probably to the greater amount of sweets and 
confectionery eaten since the end of sweet rationing” 
Fluoridation of water supplies probably offers the 
best hope of reducing this medence, “but large scale 
benefits from this measure can hardly be expected 
for several years” 

One consequence of the changmg pattern of Jl- 
health im childhood ıs that school health service 
staffs now devote more attention to children who 
are emotionally disturbed, or who suffer from some 
handicap which threatens to have a retarding 
effect on school progress from a psychological 
cause 

There 1s also the challenge of the delinquent school 
child which cannot be ignored by the school health 
service The number of children charged before the 
juvenile courts has risen from 13,000 m 1913 to 
38,000 ın 1956 It ıs right, says the report, that the 
school health service should concern itself with the 
problem and co-operate with the other agencies 
involved In 1957 more than sıx and a half million 
children attending about 30,000 mamtamed and 
assisted schools were covered by the service More 
than two million have a periodical mspection during 
the year 


BUILDING INDUSTRY 


the distribution of bonus payments The operatives 
on each site should decide the method of sharing 
within the bonus group or gang It 1s necessary to 
safeguard the quality of work by making site staff 
independent of production bonus and improving site 
supervision of quality 

A number of conclusions were reached about the 
methods of operation of an incentive scheme 
Accurate and well-balanced targets should be main- 
tained by the systematic use of cost mformation 
from all the firm’s sites and by close consultation 
with 1ts site staff The incentive effect of a scheme 18 
greatest when 16 1s given a central position m the 
organization of the firm, especially if admmustered 
by the contract management side There should be 
close liaison between estimating and the fixmg of 
target bonus-rates The principles of the scheme 
should be kept simple and explamed to the operatives 
so that they can calculate their own bonuses. The 
bonus units are small gangs 
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The bonus paid should be the actual amount of 
bonus earned , there should be no limit to the amount 
of bonus that can be earned, the bonus should be 
paid. weekly and as soon as possible after the com- 
pletion of the operation The scheme should cover, 
so far as possible, all the work on the site Good 
labour relations on the site are an aid to productivity 
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and should be encouraged by presentmg the targets 
to the operatives for agreement before work starts and 
a recognized channel for complaint should be estab- 
hshed Provision should be made to allow targets to 
be modified on a particular site 1f adequate reason 1s es- 
tablished Disputes or complaints should be dealt with 
speedily and im consultation, with the site staff 


SURFACE OF THE OCEAN AS A SOURCE OF 
AIR-BORNE NITROGENOUS MATERIAL AND OTHER 
PLANT NUTRIENTS 


By Dr A T. WILSON 


Division of Nuclear Sciences, Department of Scientific and Industrial Research, 
S Lower Hutt, New Zealand 


N an earher communication! the occurrence of 

organic nitrogen in New Zealand snows was 
reported, and ıt was suggested that ths might 
represent a contribution to the nitrogen economy of 
New Zealand sous This article presents further 
1esults on the subject and points to the most probable 
origin of this am-borne nitrogenous material 

Samples of snow have been collected from above 
the vegetation line to avoid possibility of contamina- 
tion by plant or animal debris This was done m 
preference to the more conventional ram-water 
sampling which 1s open to large contamination errors 
The analyses? of these samples are shown in Table 1 

Smee the samples described here were freshly 
collected snow from regions where no plants or animals 
exist, contamination from these sources should be 
negligible No insoluble morgame maternal was 
visible m the samples, so that cyclic terrestrial dust 
could not contribute appreciably to the nitrogen 
found ın the samples This ıs to some extent further 
supported by the lack of nitrate m the samples The 
samples were collected ın early and mid-winter when 
the pollen contribution would be negligible It seems 
that precipitation, at least in New Zealand, does m 
fact contam appreciable quantities of bound nitrogen 
which does not arise from contamination 


Origin of Organic Nitrogen in Snow 


The problem mmediately arises as to the origin 
ofthis material When one considers the geographical 
position of New Zealand, situated as 1b 18 in a westerly 
air stream and surrounded by thousands of miles of 
ocean, 1b 1s difficult to avoid the conclusion that the 
source ıs the ocean itself The ocean, however, 
contains only about 0008 ppm of albummoid 
nitrogen Further, if the snow 1s analysed m more 
detail, one sees that 16 1s not merely diluted sea water 
but that its potassium/sodrum ratio 1» an order of 
magnitude greater than that of sea water 

In order to explain these facts, 1t 1s necessary to 
postulate that the upper, very thin layer of the ocean 
has a different composition from that of the rest of 
the ocean, im particular, that i6 1s enriched m 
potassium, ammonium, organic material and orgame 
nitrogen, and probably various other materials It 
1s suggested that most debiis (for example, from 
plankton) 1s either heavier or hghter than sea water 


and, if heavier, smks to form sediments, and if lighter, 
rises to form this layer, which therefore contains 
mucro-orgamisms and other plankton ın a state of 
partial decomposition and would be expected to be 
rich m organic matter It would also be expected 
to have an mereased potassmm/[sodium ratio, since 
many marine organisms concentrate potassium 
It ıs known? that when a bubble of gas passes through 
a liquid-gas interface, the act of the bubble bursting 
throws up a small droplet from the surface of the 
liquid mto the gas phase This must occur in the 
phenomenon known as ‘white caps’ (that 1s, when a 
wave breaks) The haze produced by these particles 
is quite noticeable on a fine day when a heavy surf 
is running Thus, the composition of these droplets 
reflects that of the surface layer and not that of the 
bulk ocean 

It 1s reasonable to assume from the foam produced 
in rough ocean that some surface-active material is 
present on the surface of the ocean Durmg strong 
onshore winds, laige quantities of foam accumulate 
on the shores of New Zealand which provides an 
opportunity to sample directly the surface layer of 
the ocean <A sample of ocean foam was collected 
on the west coast just north of Wellington The 
foam was broken with a silicone anti-foammg agent 
and allowed to stand It proved to be 25 pei cent 
sohd matter On mucroscopic examination, this 
material was found to be particularly rich ın bacteria 
and also had large quantities of diatoms and frag- 
ments of phyto- and zoo-plankton The chemical 
analysis of this material ıs shown in Table 1 It js 
interesting to note the high nitrogen content and that 
the potassium/sodium ratio 1s higher than that in 
sea water 

The relationship between the surface layer of the 
ocean and snow water 1s most cleaily seen when one 
plots the ‘excess potass1um concentration’ against 
the ‘albummoid nitrogen concentration’ This is 
done ın Fig 1 The excess potassium concentration 
18 obtamed by subtracting from the potassium concen- 
tration 1/27 of the sodium concentration, that is, 
that amount of potassium which would be associated 
with the sodium in sea water We see that the results 
from the ocean foam and the snow water samples 
he on a straight line which can be extrapolated back 
to give the albummoid nitrogen concentration m 
sea water This ıs strong evidence in favour of their 
common origin, and suppoits the hypothesis that the 
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nitrogen 1n snow originates 1n the surface layer of the 
ocean 
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The above evidence suggests a new path in the 
nitrogen cycle, at least for New Zealand, and pro- 
bably for other areas with rough oceans to their 
windward Elementary nitrogen dissolves in the 
sea and 1s fixed by marme micro-organisms These 
eventually rise to the surface and are caught ım the 
surface layer, where some are partly decomposed by 
other micro-organisms mto ammonia and other 
products The micro-organisms and their decomposi- 
tion products aie carried into the am by a bursting 
am bubble m a ‘white cap’ In the air the droplet 
would lose its moisture and a part of its ammonia, 
and as a small and hght particle be carried far 1nland 
to setile out or to serve the very useful function of 
seeding rain clouds On reachmg the ground this 
material would contribute to the soil, nitrogen and 
potassium and possibly other materials necessary for 
plant growth From the lack of NO,’ and NO,’ in 
the samples, this path in the nitrogen cycle might be 
considered more mmportant than the conventional 
fixation of atmosphere mitrogen by atmospheric 
electrical discharges, at least for the areas covered 
by the sampling This then might represent a net 
transfer of bound nitrogen from the ocean to the 
land 


Table 1 
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(1) Snow collected Api 26, 1958, 
6,000 ft (tree line 4,000 ft ) during 
snowstorm on Mt Ruapehu (100 
miles from sea) Wind WS W 0 


(2) Freshly fallen snow colleeted April 
26, 1958, at 5,300 ft on Mt 
Ruapehu 


(3) Snow collected May 3, 1958, at 
6,000 ft (tree line 4,000 ft) on 
Mt Egmont (20 miles from sea) 0 0 


trace 


< 0002] 008 


0 08 


0 03 


(8a) Snow taken under (3)—previous 
snowfall ? 


(4) Snow collected April 27, 1958, at 
7,000 ft (tree line 3,000 ft ) on 
Tasman Glacier (25 miles from sea) 


(5) Rain collected ın Wellington in 
southerly storm on April 26, 1958 
Distance up wind to open sea 10 
miles, altitude 10 ft 0 


(6) Snow collected July 20, 1958, at 
5,750 ft (treeline 4,000 ft ) during 
a snowfall on Mt Ruapehu) (100 
miles from sea) 0 0 


(7) Snow collected July 21, 1958, at 
6,575 ft Same fall asın (6) 0 0 


(8) Snow collected July 21, 1958, at 
8,070 ft Same fall as in (6) 0 0 


(9) Snow collected August 2, 1958, at 
6,000 ft during snowstorm on 
Mt Ruapehu 0 


(10) Fresh snow collected August 22, 
1958, at 5,000 ft at Temple Basin, 
Arthur’s Pass (tree line 3,000 ft , 
30 miles from sea) 0 
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(11) Fresh snow collected September 10, 
1958, at 5,700 ft on Mt Ruapehu 0 0 0 01 

(12) Ocean foam collected on rocky 
coast north of Wellington during 
strong on-shore westerly wind 











(13) Typical ocean water 0 0 004 
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Application of Hypothesis to Other Problems 


Origin of Ammoma m Arr and Raw The presence 
of ammonia 1n air and ram has been known for many 
years Its origi, however, has been m doubt* 
The ocean seemed to be the most likely source except 
that calculations based on the equilibrium constant 
between air and water, together with the concentra- 
tion of ammonia in the sea, rule out this possibility, 
even though m New Zealand's case there seems to 
be no other The hypothesis presented m this article 
would imply that the ammonia 1s coming, not from 
the bulk ocean, but from the surface layer and from 
the evaporation of the small droplets which are 
thrown up mto the air by the burstmg bubbles 
-Variable quantities of ammonia will be lost by these 
droplets to the air, dependmg on ther pH and com- 
position Indeed, the results m Table 1 seem to show 
that the higher the albuminoid fraction the lower the 
ammonia retained in the droplet and vice versa 
This might be due to the buffermg effect of the basic 
nitrogenous material 

Potassvum|sodvum ratio m ram water It 18 a well- 
known fact that the potass1um/sodium ratio m ram 
water 1s often larger by a factor of 10 than that m the 
sea—the obvious source This can be readily explamed 
m terms of the above hypothesis, since the ram would 
derive its salts from the surface layer of the ocean, 
which m turn 1s rich m marme organisms, many of 
which are known to have much higher potassrum/ 
sodium ratics than the 1/27 of sea water 

Charge discrepancy n rain water The total sums 
of all the charges carried by the anions and cations m 
rain water sometimes do not balance. This can be 
explamed by the presence of orgamie compounds 
balanemg the excess charge. 

Ocean foam The origin of the foammg agent in the 
sea 18 not certam, but ıb 1s possible thai 16 1s produced 
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by the bacteria themselves and serves to trap ther 
food and also to aid ım their aeration 

Many of the sheep stations on the New Zealand 
coasts and islands carry more sheep than might from 
other considerations be expected, and without aerial 
top-dressing® This effect decreases with distance 
from the sea, and applies only to areas lymg withm 
10 mules of the coast Could this be the result of 
wind-blown foam carrying plant nutrients to these 
coastal areas ? 

Bacterial action of the sea There 18 a discrepancy 
between the supposed bacterial action in the sea and 
the very few bacteria found theorem! Is ıb possible 
that a large fraction of these biological processes 
takes place on the surface layer of the ocean, and 
that these are not effectively sampled by the normal 
methods which sample the bulk ocean rather than the 
surface ? 

Infe wn the wnter-trdal zone The occurrence of large 
quantities of organic matte: and nutrients m the 
surface layer of the sea might provide the food 
supply for the large amount of life that exists 1n and 
near the mter-tidal zone 

I wish to thank Mr H J Wood of the Domunion 
Laboratory, Wellington, foi the nitrogen analyses, 
and Mr A J Heme and Mr G Pallo, Department of 
Scientific and Industrial Research, for collectmg 
samples 
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COMBINED EFFECTS OF CORTISONE AND INSULIN ON 
DEVELOPING CHICKEN EMBRYOS 


By Dr PIETRO de FRANCISCIS* and Pror WALTER LANDAUER 


University of Connecticut 


Te injection of msulm into the yolk sac of chicken 
eggs after an mcubation period of 4-8 days is 
responsible for the occurrence of a shortening of the 
long bones of the legs (micromelia) and of abnormah- 
ties of the beak, the mean body-weight of such 
embryos ıs somewhat reduced The severity of these 
symptoms varies with the amount of mjected msuhn! 
The principal effect of cortisone, mjected durmg the 
same developmental stages, 1s a marked dwarfing 
of the embryos, but without the production of skeletal 
malformations? When both msulm and a potent 
adrenal cortex extract (but of unknown cortisone 
concentration) were injected after 5 days of mcuba- 
tion, ıt was found that the meidence of insulm- 
specific skeletal abnormalities was significantly greater 
than after the injection of msulm alone?* In 
sumilar experiments, but done after 8 days of ineuba- 
tion and using cortisone 1n combmation with msulin, 
Lunardo and de Bastiam did not find a potentiation 
of the msulin effect’ It seemed of interest, therefore, 
to determine if differences of developmental stage 
* Fellow of the Itahan National Research Council 


are responsible for dissimilarities in the effects pro- 
duced by simultaneous treatment with cortisone and 
msulin or if the discrepancies between our earlier 
observations and those of Lunardo and de Bastiani 
have other causes 

For our present tests we used eggs of White Leghorn 
fowls Sterile solutions of cortisone (cortone acetate, 
Merck) and of msulin (Lilly) were mjected into the 
yolk sac after 4 or 8 days incubation. The details of 
our experiments are presented in Tables 1 and 2 
In recording skeletal abnormalities, all degrees of 
shortemmng of the legs were pooled, similarly, all 
types of beak defects were grouped together The 
incidence of other skeletal abnormalities was very 
small and was not separately recorded , these defects 
occurred with about equal frequency im all groups 
and, since there was no reason for believing that they 
owed ther origin to our experimental procedures, 
they were added to the ‘normal’ groups 

Untreated eggs served as controls of the various 
experimental groups For the test reported m Table 1 
we had 37 fertile and untreated eggs, 33 of these 
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Table 1 EXPERIMENTS IN WHICH CORTISONE, INSULIN, OR BOTH CORTISONE AND INSULIN WERE INJECTED INTO THE YOLK SAO OF WHITE 
LEGHORN EGGS AFTER 96 HR OF INOUBATION AND AT THE DOSAGES GIVEN BELOW 
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Cortisone Insulin Insulin and cortisone 

Experiment 1 2 3 1 2 3 1 2 3 
Ingulin units/egg — — — 32 32 4 32 32 4 
Cortisone, mgm /egg 125 125 1 — — — 1 25 1 25 1 
Number treated 26 27 30 26 27 30 4 48 90 
Survival to eighteenth day, per cent 577 815 76 6 84 6 63 0 730 371 478 35 5 
Number survivors 16 22 23 22 17 22 20 23 32 
Body-weight, gm 14 26 13 78 13 90 19 59 15 15 13 37 12 70 8 71 10 14 

+0 98 + 0 86 +0 83 +0 81 +0 79 +0 73 + 0 87 + 0 50 + 0 67 
Normal, per cent 100 100 100 87 0 64 7 36 4 75 0 65 2 188 
Short legs, per cent 0 0 0 130 35 3 54 5 25 0 348 59 4 
Abnormal beak, per cent 0 0 0 180 118 273 50 44 25 0 





In those groups ın which both hormones were injected the ratio of cortisone to insulin amounted to 0 39 1n experiments 1 and 2 and to 


0 25 ın experiment 3 All living embryos were weighed and examined after 18 days of incubation Incidence of ‘normal’ embryos and of 
abnormalities of the legs or beak 1n percentage of survivors to eighteenth day Standard errors of body-weight 














Table 2 EXPERIMENTS IN WHICH CORTISONE, INSULIN, OR BOTH CORTISONE AND INSULIN WERE INJECTED INTO THE YOLK SAO OF WHITH 
LEGHORN EGGS AFTER EIGHT DAYS OF INCUBATION AND AT THE DOSAGES GIVEN BELOW 
Cortisone | Insulin Insulin and cortisone 

Experiment 1 2 3 H 1 2 8 1 2 3 
Insulin units/egg 32 32 4 32 32 4 
Cortisone, mgm [egg 15 15 — — — 15 15 1 
Number treated 40 10 55 40 20 55 70 40 80 
Survival to eighteenth day, per cent 07-5 90 0 89 1 80 0 90 0 80 0 68 5 87 5 737 
Number survivors 27 9 49 32 18 44 48 35 59 
Body-weight, gm 11 87 13 92 16 56 18 20 16 95 17 75 13 53 13 24 14 85 

+ 0 52 + 0 65 +0 45 +0 47 +0 50 + 0 49 +0 42 +0 42 + 0 56 
Normal, per cent 160 100 100 50 0 27 34 1 81 3 714 49 2 
Short legs, per cent C 0 0 50 0 722 65 9 179 28 6 50 8 
Abnormal beak, per cent 0 0 0 0 56 0 51 0 186 











In those groups 1n which both hormones were injected the ratio of cortisone to insulin amounted to 0 47 1n experiments 1 and 2, and to 
0 25 ın experiment 3 All living embryos were weighed and examined after 18 days of incubation Incidence of ‘normal’ embryos and of 
abnormalities of the legs or beak 1n percentage of survivors to eighteenth day Standard errors of body-weight. 


(89 2 per cent) survived to 18 days and the embryos 
at that age had a mean body-weight of 20 95 + 
0 53 gm As controls for the experiments of Table 2 
we had 26 fertile and untreated eggs, 22 of the 
embryos (84 6 per cent) hved at 18 days and had a 
mean weight of 19 37 +056 gm None of these 
55 embryos showed skeletal malformations of the 
kind with which the present discussion is con- 
cerned 

Effects on survwal Among embryos treated at 
4 days with both msulin and cortisone the mortahty 
was consistently higher than ıb was m the groups 
treated with erther hormone alone In fact the 
toxicities of msulin and cortisone were nearly additive, 
and most of the group differences m mortality (or 
survival) are highly significant At 8 days, on the 
other hand, survival after the combined treatment 
did not differ significantly from that occurrmg after 
myection of either insulin or cortisone Comparmg 
the experments at 4 and 8 days, and taking into 
account such dissimilarities of dosage as existed, no 
consistent or significant changes appear to have 
occurred ın the toxicity of either cortisone or insulin 
Highly significant differences are found, however, 
between the combined treatments a the two develop- 
mental stages In expermnents 1 and 2, m which 
the ratio of cortisone to msulin was higher at 8 days 
than at 4 days (047 vs 0 39). the differences 
amounted to 31 4 + 8 65 and 39 7 + 8 90 per cent 
respectively , mm the two third groups, with identical 
ratios (0 25), the difference in survival was 38 2 + 
7 04 per cent 

Effects om body-wewght | Following treatment after 
4 days of meubation, the injection of both hormones 
led m all three groups to a greater retardation of 
growth than that produced by either insulin or corti- 
sone In groups 2 and 3, the mean body-weights, 
after eombmed tieatment, fell significantly below 
those of the groups treated with erther cortisone or 
insulin alone. At 8 days the combined treatment 





led to a significantly lower body-weight in comparison 
with the msulm-treated embryos , but the differences 
between the groups that had been injected with both 
hormones and those that had recerved only injections 
of cortisone were neither consistent nor statistically 
significant A comparison of the treatments at the 
two development stages reveals some interesting 
differences Against the lowest amount of cortisone 
which we used (1 mgm /egg) the 8-day embryos had 
become significantly more iesistant than those 
treated at 4 days, ther mean body-weight bemg 
2 66 + 0 94 gm hugher, the results of experiments 
land 2 are not directly comparable because of dosage 
differences The mjection of 3 2 units of insulin. at 
4 and 8 days did not produce significant dissumilarities 
in body-weight, but after 4 units the 8-day embryos 
were less retarded (difference 4 38 + 0 88 gm) 

The results for combmed injection of msulm and 
cortisone ın experiments 1 and 2, because of dosage 
differences, do not allow & comparison between 4 and 
8 days, but the results of tests with 1 mgm cortisone 
and 4 units insulin (experiments 3) demonstrate 
that growth of the embryos tieated at 8 days was 
much less retarded than 1t was following injection at 
4 days (difference 4 71 +0 27 gm) 

Teratogenc effects As one would expect, the 
meidence of malformations increased with dosage 
in the groups treated with msulin alone and m those 
treated with insulin and cortisone This was true 
at both developmental stages A comparison of the 
effects of msulin treatment with the results of the 
combmed injection of insulin and cortisone shows no 
significant differences in the incidence of skeletal 
defects at the 4-day stage, except for a slight but 
consistent trend of the abnormalities to be more 
extreme in the groups treated with both hormones , 
in the groups tested at 8 days, on the other hand, the 
combined treatment was less teratogenic than 
imjection of msulin alone For the pooled data of 
experiments 1 and 2 (with identical ratios of cortisone 
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Elements of Solid State Theory 
G H. WANNIER 


A clear and logical introduction to the basic concepts of solid state physics for post- 
graduate and final year undergraduate students It can be used both as a class text and 
for private study. Each chapter includes a short bibliography and a number of problems. 

35s net 


History of Embryology 


JOSEPH NEEDHAM 


Dr Needham's History was first published ın 1934 It traces the growth of scientific 
knowledge of generation from earliest times to the beginning of the nineteenth century 
The new edition has been revised with the assistance of DR ARTHUR HUGHES Second 


Edition 


52s 6d. net 


CAMBRIDGE UNIVERSITY PRESS 


WANTED TO PURCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 


111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address BOOKJOHNS, NEWYORK 


Bntish Office: ACADEMIC BOOKS, LTD. 


129 Queensway, London, W2 
BAYswater 3149 


WHELDON & WESLEY, LTD. 


Specialists for 100 years in 


BIOLOGICAL & GEOLOGICAL 
BOOKS 


Catalogues on Request 
e 


LYTTON LODGE, CODICOTE, Near Hitchin, Herts 
Books Bought 


DIGITAL 
DATA PROCESSING 


The SHAPE Aur Defense Technical Center has 
a few vacancies ın the field of high-speed digital 
data-processing 


Applications are invited from suitably qualified 
persons with interest ın one or more of the follow- 
1ng fields 


Digital computation. 

High-speed analog-digital conversion. 

Computer input and output devices. 

Transistor and magnetic-core techniques, 
applied to computers. 

Cathode-ray tube displays. 


The basic salaries will be based on the European 
average for corresponding background and experience 
Successful applicants from foreign countries will bene- 
fit by a number of privileges, including a foreign 
allowance of the order of 70% of the basic salary, 
and reimbursement of the cost of moving their families 
and household effects to The Hague and back to their 
country of ongm on termination of contract The 
total income 1s tax free in the Netherlands 


Applications, containing detailed information on 
training and past experience, should be sent as soon 
as possible to 
The Director, SADTC, PO Box 174, The Hague, 

Netherlands. 
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SINGLE BEAM GRATING 
SPECTROMETER 
MODEL DM I 









INFR RED GRATING SPEO 
WIDE RANGE GRATING SPECTROMETER 
DOUBLE BEAM 5-154 Or 5-254 


vonse2 sa «; ANSTRUMENTS  ""»*: 
FOR ANALYSIS 


£300 to over £4,000 





FIXED WAVELENGTH 
ANALYSER 2 TO 7j. 


SPECTROSORTER 





n 





NULL BALANCE INFRA RED 
GAS ANALYSER MODEL IM I 


DIRECT DEFLECTION GAS ANALYSER 
MODEL SB 2 


SIR HOWARD GRUBB PARSONS & CO LTD WALKERGATE * NEWCASTLE UPON TYNE 6 
Subsidiary of C A Parsons & Company Limited, 








WM. DAWSON & SONS LTD. 


ANTIQUARIAN SCIENTIFIC 
PERIODICALS & BOOKS 


Complete libraries purchased 


16 PALL MALL - LONDON . S.W.1 


Scientific Circulations Ltd. 


We have extensive stocks of Technical Journals, Periodicals 
and Textbooks Special terms for Technical and Commercial 
Libraries All Scientific and Technical publications purchased 


WHEREVER IT IS |" rs er don Wa 
MOST NEEDED 


A compact source of high intensity illumination 
in any position. necessary—during — 


MINOR SURGERY : CASUALTY : OPD 
FACTORY CLINIC OR 


DENTAL SURGERY EXAMINATIONS EI L| CONE RUBBE Ro 





THE MUSEUM BOOK STORE, LTD. 
25 Devonshire St., London, W.I 
(Welbeck 1340) 

Buy and sell Scientific Journals and Periodicals and 
Learned Society Publications ın all languages 
Librarians, and others, should send us their list of 
“wants”, or duplicates for sale — Binding undertaken. 






Full details and an illustrated booklet gladly supplied TUBING, BUNGS, STRIP, WASHERS 
A iM BOTTLE CAP LINERS & MOULDINGS ` 
RAYNER MADE TO SPECIFICATION |. - 






160 NEW BOND STREET, LONDON, W1 
MAYfair 0128 


ESCO (RUBBER) LTD 
2 Stothard Place, Bishopsgate, London, E.C.2 
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An Introduction to Mathematics 


for Students of Economics 
J PARRY LEWIS 


For economics students whose mathematics were abandoned at an early age, this 
book revises elementary algebra and mtroduces the necessary trigonometry and 
co-ordinate geometry before proceeding to a longer treatment of calculus The 
author guides the reader through the processes of differentiation and integration 
exponentials, and problems of maxima and minima of functions of one indepen- 
dent variable, before introducing functions of many variables and such topics as 
Lagrange multipliers With diagrams 40s 


Nuclear Reactor Physics 


RAYMOND L MURRAY 


A logical and straightforward mtroduction to the methods of analysis of reactor 
design with many numerical examples drawn from practical situations in the 
reactor field The main emphasis throughout the text is on the distribution in 
energy and space of neutron flux, the determination of the critical amount of 
fissionable material and the transient behaviour and control of the reactor as 
a source of heat Diagrams 30s 


MACMILLAN BOOKS 


Transistor Electronics 


A W LO, R O ENDRES, 
J ZAWELS, F D WALDHAUER, 
CHUNG-CHIH CHENG 


This combined work of five authorities ın the field of electronics provides students 
with a thorough study of both the theory and practice of transistors and transistor 
circuits Numerous diagrams 45s 


The Earliest Geological 
Treatise (I 66 7) NICOLAUS STENO 


Translated from Canis Carchariae Dissectum Caput, with Introduction and Notes 
by Dr Axel Garboe 


“The appendix (to the Canis Carchariae) consists of eleven ‘observations’ of 
sedimentary rock features, followed by six ‘conjectures’ m which the origins 
of the sediments, their fossils, cross-cutting verns, and departure from horizontality 
are deduced Dr Axel Garboe is to be thanked for this page-by-page translation, 
which makes available to the English-speaking world ‘the earliest geological 
treatise’ "—Pnor L Hawkes (Nature) 4 plates I5s 


ST MARTIN'S STREET : LONDON WC 2 
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The Minirack MPE 223 


STANDARD M940B PEN UNIT: 
LENGTH OF PEN ARM 10 cm 
MAXIMUM DEFLECTION 4 cm peak-to-peak 


FREQUENCY RESPONSE Flat to within +10% DC 
to 55 cps 


SENSITIVITY 1 mm per millamp approx 
LINEARITY Better than 2% of full scale deflection 


Special pen units can be made to customers’ requirements 
aving 
(1) Lower impedance coils 
(2) High sensitivity at the expense of frequency 
response 


; nce MEE 7 
x 





» 
| 


[MOBILE PEN EQUIPMENT 
INSTRUMENT TYPE MPE 223 ` 


ae 
è Lee? 


fo 





The advantage of seeing a chart 
recording 1mmediately cannot be over- 
emphasized 


Most recording work ıs done to 
compare in detail the relationship. and 
sequence of waveforms produced by 
electrical and physical phenomena, and if 
the records are seen while these actions 
take place, a much more intimate grasp 
of the relationship 1s obtained 


The Minirack MPE 223 1s designed for 
constant use at high capacity It 1s 
extremely sensitive and robust, and the 
recording element is a simple pen unit 
that 1s foolproof. 





The advantages of this machine will be 
obvious to all research workers 


QUANTITY PRODUCTION EN- 
ABLES THIS INSTRUMENT TO BE 
SOLD AT THE LOW PRICE OF £388. 





two channel pen recorder 


MRS512 AMPLIFIER: 


Each pen unit is driven by a MR512 amplifier to the 
following specification 

INPUT IMPEDANCE 12 Megohms 

OUTPUT IMPEDANCE 250 ohms 


MAXIMUM LINEAR OUTPUT CURRENT SWING 
+30 mA 


Lineanty ın this range better than +2% of maximum 
output current 

MAXIMUM SENSITIVITY 240 milhamps per volt 
FREQUENCY RESPONSE Flat from D C to 1 Keps 
3095 down at 5 Kcps 


OUTPUT LIMIT RANGE Approximately 85 to 140 
volts output across a 4000 ohms load 





SOUTHERN 


INSTRUMENTS 


DATA HANDLING AND RECORDING DEPARTMENT OF SOUTHERN INSTRUMENTS LTD CAMBERLEY SURREY PHONE CAMBERLEY 3401 
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watch 
this space 


this is where you will be fitting your latest item 

of laboratory electrical equipment ; whatever goes here 
must be above suspicion. So when you come to fill 

this space, think in terms of Siemens Ediswan . . . 










Stabilised Power Unit Type R.1095 
Outputs: (1) Continuously variable highly 
stabilised D.C. output between 120 
and 250 volts. Load 0-50 mA. 
(2) Unstabilised centre tapped 6.3 volts 
A.C. supply at 3 amps. 













We use—and misuse—all kinds of our own 





equipment in our own laboratories. So when we Stability : 10 volts mains change or 0-50 mA 
design and manufacture for you, we incorporate load change result in less than _ 
ideas and improvements that are fed back from a 0.15V change of output which is 
resident panel of keen critics whose only interest effectively independent of mains 
lies in getting the best equipment possible for the 4 frequency and waveform. — — 
job in front of them. Here are a few of Output Resistance: Less than 32 under all conditions. 
the items in which you reap the benefit of Ripple: Approximately 2mV R.M.S. with either 
their influence and experience. positive or negative terminal earth. 
Stabilised Power Units Low Frequency Oscillator Type R.2125 
These units are manufactured to tight For testing, calibrating and setting up amplifiers, 
specifications and offer an extensive range of vibration recorders, wave analysers and oscilloscopes. 
stabilised outputs. They incorporate a number of Frequency Range: 1 c/s—130 Kc/s. 
additional facilities and are all dep for Frequency Accuracy: 2% i 
standard 19-in. racking or bench use. We'll be Output: Sinusoidal. Balanced push-pull, 50 
happy to send you our latest catalogue describing volts p-p. maximum on open circuit. 
this equipment and giving all the essential facts Attenuator: 5 x 20dB steps plus 020d4B 
about it for ordering. Make a note of these Y continuously variable. 
associated Siemens Ediswan products; we invite Output impedance: —6000-0-6009. 
you to send for literature or fuller information Bench or 19-in. rack mounting. 
about those that interest you. 
iemens Ediswan SIEMENS EDISWAN LABORATORY 


Clix Radio and TV Components— 

Valve Holders, Plugs, Sockets, Screening Cans, etc: 
Siemens Ediswan 

PTFE Insulated Instrument Wire— 

In 11 colours (and with trace). Conforms to 
Sections B & G of Specification 

EL..1930 Ministry of Supply (Air). 


ELECTRICAL EQUIPMENT 


SIEMENS EDISON SWAN LTD 


An A.E.I. Company. 

PD.17. 155 Charing Cross Road, London, W.C.2. 
Telephone: GERrard 8660. 

Telegrams : Sieswan, Westcent, London. 


— 


"3: MENs 





EDIswAN 


—— 
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et High Voltage Capacitors Se 
/ Behind every TMC Capacitor are the skills and resources of an I 
| organisation justly proud of its close association with leading 7 
N groups in every branch of electrical engineering. It is P 
SA one of the results of this collaboration that we see the E Pd 
a E widespread use of TMC High Voltage Capacitors on o’ 
~ < pulse-forming networks and delay lines for radar >< - 
on where their special features of LOW INDUCTANCE re 
Pd and MINIMUM DIMENSIONS are particularly ^ 
£ valuable. 1 
3 Other applications : i 
`~ * H.V. SMOOTHING CIRCUITS ai 
> 
ai * K-RAY APPARATUS -— 
~ ~ “= 
—»x * IMPULSE >g 
9^? GENERATORS eim 
<j ^ 





* ENERGY 
STORAGE 





We shali welcome your enquiries whatever your requirements 
are in the H.V. field: a.c. d.c.: or pulse applications. 


HIGH VOLTAGE CAPACITORS 





TMC 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Components Division - Cray Works - Sevenoaks Way 
Orpington - Kent Tel: Orpington 26611 
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New /zalare- Set of weights included 
STANTON A.49 


Already one of the most 
popular balances in our 
range. A set of five 
weights from 10-100 g 
is now built into the 
case on a small turn- 
table adjacent to the 
pan, for greater con- 
venience and quicker 
weighing. 

Capacity 200 g. Sensi- 
tivity 0.1 mg. 





STANTOWS 
NEW 1959 CATALOGUE 

is your complete guide 

to precision balances 



















New Features — Vernier Scale — 
Partial Release 


STANTON ULTRAMATICS 


Four models now available, 
all incorporating facilities 
for tare weighing and partial 
release. New numbered 
Vernier Scales on Models 
U.M.3 and U.M.10, for 
greater convenience and 
quicker weighing. 

pudy 200 g. Sensitivities 
0.1 mg-1 mg. 














HERE'S A SELECTION YOU 
CAN'T AFFORD TO MISS 


STANTON B.20 


A worthy successor to 
Britain's first full . 
Weight-loading Balance, 
this model now incor- 
porates a new graticule 
and twin bank weight- 
loading, for greater con- 
venience and quicker 
weighing. 

Capacity 200 g. Sensi- 
tivity 0.1 mg. 






Our new catalogue is more informative 
than our press advertisement 


A DEMONSTRATION will be more 
convincing than either 











A postcard will bring a technical representa- 
tive to your laboratory 







Quare ed, 
STANTON , PRECISION 
BALANCES 


And stl the best value obtainable- 
STANTON C.26 


A firm favourite in schools 
and University Labora- 
tories, where accuracy, 
dependability, and robust- 
ness are the - require- 
ments. 

Capacity 200. g. Sensi- 
tivity 0.1 mg. 









Trade Mark 
STANTON INSTRUMENTS LTD., 


119, Oxford Street, London, W.1. Telephone: 
Gerrard 7533/4 
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TWO WAYS OF OBTAINING 
DISTILLED 


" PERMUTIT 
DEMINROLIT 


THE PERMUTIT COMPANY LIMITED, Dept.V.H.290, Permutit House, Gunnersbury Avenue, London, W.4. Telephone CHlIswick 6431 











No 4680 July ll, 1959 


to insulin) these differences were highly significant 
(2 = 16 82, P < 0 001), and the samo ıs true for the 
combination of probabilities for experiments 1, 2 and 
3 (x? = 30 31, df = 6, P <0 001) 

Our results demonstrate clearly that between 
4 and 8 days of mcubation a change occurs m the 
reactions of the developmg chicken embryo to com- 
bmed treatment with msulm and cortisone The 
older embryos survive better, show less retardation 
of growth and a lower incidence of skeletal malforma- 
tions These differences ım 1esponse presumably are 
a reflexion of the homceostatic forces which the 
moeipient functionmg of the endocime systems brings 
into play. Our observations, secondly, confirm the 
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report by Lunardo and de Bastian: that cortisone does 

not potentiate the teratogenic action of imsulin 

Since our earher experiments with an extract of 

adrenal cortex produced very striking potentiation, 

1t must be concluded that this was due not to 17- 

hydroxy-11-dehydrocorticosterone (cortisone) but to 

one or more of the other corticosteroids contamed m 

the extract This we hope to verify in future 

experiments 

lLandauer, W , J Esp Zool , 105, 145 (1947) 

* Karnofsky, D A , Ridgway, L P ,and Patterson, P A , Endocrinol , 
48, 596 (1951) 

? Landauer, W , Endocrinol , 41, 489 (1947) 


4Zwilling, E (unpublished observations) 
5Lunardo, € , and de Bastian, G , Za Chn Ortoped , 8, 120 (1956) 


MATERNAL CONTROL OF OVARIOLE NUMBER IN THE 
PROGENY OF THE MIGRATORY LOCUST 


By F. O. ALBRECHT 


Laboratoire d'Evolution des Etres Organisés, Paris 


M. VERDIER 


Laboratoire de Biologie Animale, Paris 


AND 


R E BLACKITH 
Imperial College Field Station, Sunninghill, Berks 


N integral part of the phase theory of locust 
transformations is the cumulative transmission 

of phase characters from one generation to another, 
so that fully gregaria or solitaria types can be obtamed 
only when crowding or isolation of the locusts 1s 
maintamed for several generations The transmus- 
sion of phase status to the progeny is held to occur 
through the accumulation of extra-chromosomal 
materials ın the egg! Early criticisms, understand- 
ably in view of the specific status given to the phases 
previously, held that they were genetically distinct 
but formed hybrids 

The weight of field and laboratory evidence has now 
accumulated to the pomt where the essentially non- 
genie nature of this inheritance 1s taken for granted, 
although the capacity of expressmg it depends 
patently on the genotype concerned This strikmg 
illustration of what Thoday? has called phenotypic 
flexibility has 1eceived scant notice save for some 
remarks of Kennedy*.4 

Hunter-Jones* has shown that crowded female 
desert locusts, reproducing parthenogenetieally, pro- 
duce offspring which in colour and weight are typically 
gregarva whereas the same stock of females, when 
isolated, give solitaria-type larvee Our experiments 
show that telotykous parthenogenesis also occurs 
with the migratory locust, Locusta migratoria migrator- 
«owes R and F Moreover, the number of ovarioles 
in female offspring of isolated unfertilized females 
ranges from 95 to 105, whereas hatchlings from 
crowded mothers carry only 75-85 ovarioles We 
may look to the female reproductive system for 
some of the clues to this problem 

There seem, m fact, to be two physiological pro- 
cesses at work, one of these operates thiough the 
vitellus of the egg, the reduction of which by ligatuxing 
after blastokinesis produces larve which have the 
solitaria, coloration (pale green) from crowded stocks 
of the migratory locust, the normal larve of which 


would be black and heavy’ Generally, weight and 
colour are closely associated®, both with one another 
and with the subsequent rate of development and 
numbe: of moults of some species of locust** The 
number of ovarioles borne by these ligatured larvæ 
18, on the contrary, typical of gregaria populations 
Thus the mheritance of this important phase charac- 
ter® seems to be mdependent of the amount of vitellus 
remaining in the egg This distinction, however, may 
prove to be one of the timing of the processes of ovary 
formation and larval coloration , m Melanoplus and 
Diosopinla at least, ovariole number seems to be 
determmed prior to or durmg blastokmesis?°.4 

Table 1 MEAN REGRESSIONS OF OVARIOLE NUMBER ON HATOHLING 
WEIGHT OF THE MIGRATORY LOCUST, REPRESENTING THE INCREASE 
OF POTENTIAL REPRODUCTIVE CAPACITY FOR A SACRIFICE OF 1-MGM 


WRIGHT AT BIRTH 
(Standard errors of regression coefficients about 0 25 throughout) 


Generation Regression and subsequent rearing density 
I 
Crowded (Stock from Musée d'Histoire Naturelle 
Paris) 
II 
Crowded 
TI 
Crowded 
IV I 
Crowded Tsolated 
v 127 2 85 
Crowded | Isolated 
VI 1! 0 1! 
Crowded | _Tsolated 
VII 1! 27 oles 


There ıs ın general an inverse ielation between 
weight at hatehmg and the number of ovarioles in 
locust larvs?!à The interlockmg of these two 
characters depends on the consistency with which 
the earher generations have been kept crowded or 
isolated To the extent that we may think of this 
relationship as a measure of the interchangeabihty 
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of reproductive potential (number of ovarioles) and 
larval mobility (weight of occluded food reserves) 
the changes of 1ts magnitude are of terest whatever 
the mechamsm of mheritance Table 1 shows the 
mean regressions of ovariole number on hatchling 
weight for comparisons made among laive issuing 
from one and the same egg-pod Each pod contains 
up to 100 eggs derived from & smgle ovarial cycle in 
the female Comparisons across egg-pods or across 
the progeny from different females are swamped by 
extraneous sources of variation which themselves 
depend on the consistency of ancestral density 
Generation VI (crowded grand-parents, Isolated 
parents) were 67 times as variable as generation VII, 
for which isolation. was the parental and grandparental 
regime Yet even generation VII was 9 times as 
variable, as a whole, than were contrasts made within 
egg-pods as are those m Table 1 these varied in 
precision scarcely at all throughout the experiment 

Crowding leads to a cumulative gain m weight at 
hatching for a given sacrifice of reproductive poten- 
tial, and smce this sacrifice has evidently not entirely 
been made good even three generations after crowding 
was ended we have the longest reach, of any yet 
recorded, of a density-dependent effect bemg trans- 
mitted to the descendants of the crowded generation 
Similar mheritance has, however, been demonstrated 
in the shorter run with other characters?" In a 
general and less-precise way this inverse relation may 
be extended to fully sohtarw and gregaria females , 
the progeny of the gregaria are fewer and heavier, 
and have fewer ovarioles compared with the progeny 
of solitaria , nevertheless, both phases produce about 
l gm of hving material in each egg-pod 


Setting Limits to Selective Action during the 
Egg Stage 

Our series of 6,000 preparations of the dissected 
ovaries of several generations of the migratory locust 
affords an opportunity to set hmuts to the action of 
any selective forces operating durmg the development 
of the eggs , for the number of ovarioles ın the laying 
female 15 the upper limit to the number of her progeny 
from which the issue of any one egg-pod can have 
been selected, always excluding the possibility of 
pre-ovogenetie selection In particular, the sequence 
of egg-pods laid by isolated females was studied 
either when the female was left with the male after 
copulation for the rest of her life, when the number 
of ovarioles in her progeny steadily diminished, or 
when the malo was removed after 24 hr m the cage, 
to allow copulation to occur, when no such dimmution 
was observed The influence of the male, once fertil- 
ization has been accomplished, ıs mildly to disturb 
the female and to induce a modest amount of those 
inhibitory effects normally associated with crowdmg 
The mean ovariole number of offspring from a female 
left with one male drops by one ovariole for each of 
the 15 or so reproductive cycles that the female 
undergoes More drastic crowding augments this 
progressive loss but also shortens the sequence of 
reproductive cycles so that the net effect is not 
greatly different 

‘Crowding’ the females with a single male produces 
offsprmg of which the mean number of ovarioles 
eventually hes outside the range of the phenotypes 
mitially produced by the same matmg par At 
most, less than half this cumulative shift can be 
attributed to selection, and in fact there 1s no evidence 
that any of ıb ıs so mduced The absence of such a 
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Shift, m females fiom whom the male 1s removed 
withm a few hours of copulation, excludes any 
influence of age alone on the mother 


Regulation of Fertility and Fecundity in the 
Migratory Locust 


Imphoe: ın the phase theory of locust outbreaks is 
some autoregulation of fertility or fecundity according 
to the population density Our results provide some 
1dea of the nature of such regulation m the migratory 
locust, other species seem to differ m important 
respects, and caution is needed m extending these 
findings to them 

The influence of crowding operates both within 
and between generations The distinction between 
larval and adult crowding 1s vital for these compari- 
sons, since changes of density rather than the level 
of the density seem to elicit tho regulatory processes 
Crowding during the larval mstars almost doubles 
the number of egg-pods laid by the ensuing edult 
females, whereas adult crowding mhibits the laymg 
female either from fulfilhng her potential delivery of 
egg-pods or from endowmg her female offsprmg 
with ther appropriate complement of ovarioles In 
this way larval and adult crowding act m opposite 
directions , and may substantially nullify one another 
durmg consistent crowding Yet when the larve 
are ciowded and the adults isolated, as occurs with 
stragglers from gregarious groups, aS many as 
1,500 eggs may be laid by each female, when the 
reverse regime 1s rmposed, only about a tenth of this 
number 18 to be expected 

However clearly one may recognize that these 
ideas relate only to a few aspects of a much wider 
problem, the control of fecundity in the migratory 
locust may be regarded as a homceostatic mechanism 
tending to stabilize population density In every 
generation we have found a significant negative 
regression of ovariole number on hatchling weight, 
which we interpret as a latent ability to exchange 
larval food reserves for reproductive capacity When 
grouped locusts are dispersed, this adjustment 1s 
called into play and only fades away when several 
generations of isolation have failed to restore the 
population density through an increase in fecundity 
of the offspnng The last word m these matters often 
hes with the climate, which can override the locusts’ 
best endeavours at regulation’ 

Generally, ıt appears that the ability to produce 
offspring, the average fecundity of which 1s well 
outside the phenotypic range of the parents, lies at the 
heart of the capacity of migratory locusts to cope 
with rapidly changing environments An analysis 
of growth and of moultmg polymorphism ın the red 
and desert locusts led us to conclusions m the same 
vem? A full account of the experiments on which 
the present conclusions are based 1s being published? 
1 Uvarov, B P , Bull Ent Res , 12, 135 (1921) 

2 Thoday, J M , Symp Quant Brol , 20, 318 (1955) 

3 Kennedy, J S , Bl Rev, 31, 349 (1956) 

1 Kennedy, J S , Proc Iann Soe Lond , 168, 62 (1958) 

5 Hunter-Jones, P , Anti-locust Bull , Lond , No 29 (1958) 

6 Verdier, M , Proc 3me Cong Etude Insectes Sociaux (1957) 

? Albrecht, F O ,J Agne Trop Bot. Appl , 2, 109 (1955) 

8 Albrecht, F O , and Blackith, R E , Ecolution, 11, 166 (1957) 

* Albrecht, F O , Verdier, M , and Blackith,R E, Bull Bwl Fr- 
Belge, 82, 349 (1958) 

1: Nelsen, O E,J Morph , 85, 515 (1934) 

11 Robertson, EF W , J Genet , 55, 410 (1957) 

12 Albrecht, F O , and Verdier, M, CR Acad. Se Paris, 248, 208 


(1956) 
13 Albrecht, F O , Locusta (Nogent-sur-Marne), No 4, 1 (1956) 
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LECTURES AND COURSES 


HUDDERSFIELD COLLEGE OF 


TECHNOLOGY 
REGIONAL COLLEGE 
DEPARTMENT OF CHEMISTRY, COLOUR 
CHEMISTRY AND DYEING 
Head of Department 
E Tittensor, BSc, PhD, FRIC 
DIPLOMA. IN TECHNOLOGY 
The four year Sandwich Course m Chemical 
Technology leading to the Diploma 1n Technology, 
has a special bias towards the large scale mann- 
facture of organic compounds, contains an appre- 
ciable study of Chemical Engineering, and 1s 
specially designed for students wishing to make a 
career in the chemical industry Entrants (either 
industry based or college based) should have either 
(a) GCE Advanced level in Chemistry and 
Physics, with Mathematics and two other subjects 
at Ordinary Level, or (b) a good Ordinary National 
Certificate in Chemistry or Applied Chemistry 
The Royal Institute of Chemistry has approved 
the course for exemption purposes on the same 
basis as a University Degree, and students obtamn- 
ing the Diploma in Technology with First or 
Second class honours may apply for exemption 
from the whole of the Grad Mem RIC examina- 
tion 
Further particulars and forms of application may 
be obtained from the Principal of a college 


RAY, 
Chief Education Officer 





CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
MANRESA ROAD, SW 3 
DEPARTMENT OF CHEMISTRY 
SESSION 1959-60 
Head of Besoninent 1 E J Dippy, D Sc, 


Recognized Day and Evening Courses leading to 
the BSc General degree (London, Internal), and 
the Graduateship and the Diploma (Food and 
Drugs) of the Royal Institute of Chemistry, com- 
mence on Monday, September 28, 1959 Various 
postgraduate courses are also available 

Full particulars on application to the Secretary 





WOOLWICH POLYTECHNIC 
DEPARTMENT OF MATHEMATICS 
MSc COURSE 
Applications are 1nvited from suitably qualified 
candidates for a one-year full-time course leading 

to the MSc degree in Mathematics 

The Department offers courses m the subjects 
(a) Functions of Mathematical Physics (b) Elliptic 
Functions (c) Hydrodynamics (d) Electro- 
magnetic Theory, (e) Elastıcıty and Plasticity, of 
which two must be studied 

The Department of Scientific and Industrial 
Research has accepted this course as suitable for 
the tenure of its Advanced Course Studentships 
Applications should be made both for the course 
and the studentships to the Head of the Mathe- 
matics Department as soon as possible 


CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 
ANALYTICAL METHODS 

A second series of postgraduate lectures on more 
recent analytical techniques will be held during 
the Autumn term on Tuesdays at 715 pm, 
commencing on October 20th, 1959 The topics 
will include mass spectrometry, non-aqueous 
solvents, activation analysis, complexometric 
titrations, EMR and microwave spectroscopy, 10n 
exchange, X-ray fluorescence, and gas chromato- 
graphy 

A leaflet giving full details, and an application 
form may be obtained from the Head of the 
Chemistry Department, Chelsea College of Science 
and Technology, Manresa Road, London, S W 3 











COVENTRY TECHNICAL 


COLLEGE 
A J Richmond, B Sc (Eng )(Lond ), 
PhD, MI Mech E 
SANDWICH COURSE FOR GRADUATE 
MEMBERSHIP OF THE ROYAL INSTITUTE 
OF CHEMISTRY 
SESSION, 1959-60 
Applications are invited for a Sandwich Course 
of one year and two terms duraticn providing for 
twenty weeks of full-time study in each of two 
sessions in preparation for Part II Grad Mem 
RIC Candidates should already possess Part I, 
or expect to gain exemption this summer Indus- 
trial training 1s an integral part of this course for 
which both works-based and college-based students 
may be accepted In the latter case, the College 
is in a position to arrange industrial training 
locally for suitable applicants who can then apply 
for a Local Authority Award to cover the cost 
of maintenance for the College part of the course 
Further particulars may be obtained from the 
Head of the Chemistry Department to whom ap- 
plicants should write as soon as possible giving 
full details of their previous education 


Principal 








CITY OF LEICESTER EDUCATION 


COMMITTEE 
LEICESTER COLLEGE OF TECHNOLOGY 
AND COMMERCE 
Principal R E Wood, M Sc, F Inst P 
Registrar A Martin, FCIS 
SCHOOL OF CHEMISTRY 
Head L P Priestley, BSc, FRIC 
POST-GRADUATE DIPLOMA IN 
RADIOCHEMISTRY 
In charge of Course 
R W C Broadbank, BSc, PhD,ARIC 
THIS COURSE HAS BEEN ACCEPTED BY 
THE DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH AS SUITABLE FOR 
THE TENURE OF ITS ADVANCED COURSE 
STUDENTSHIPS 
A full-time post-graduate course in Radio- 
chemistry will be held (Application for approval 
has been made to the Ministry of Education), from 
Ist October, 1959 to 31st December, 1960 This 
course will initially provide a general basic training 
in radio-1sotope laboratory techniques, followed 
by more advanced training, with special emphasis 
on radiochemustry as a tool for research 
The Post-Graduate Diploma (in Radtochemistry) 
of the College will be awarded to those students 
completing the course, who reach the required 
standard in a written examination and who submit 
a Satisfactory dissertation and thesis on a topic 
allocated for study and research during the course 
Qualifications for admission are a Degree in 
Chemistry or Grad Mem RIC or B Pharm 
(Hons), preferably with Chemistry to Part II 
Number of places available 1s limited so that 
individual attention can be given to each student 
Early application 1s desirable 
Further particulars may be obtained from the 
Head of the School of Chemistry, Leicester College 
of Technology and Commerce, Leicester 


UNIVERSITY OF BIRMINGHAM 
FACULTY OF COMMERCE AND SOCIAL 
SCIENCE 
NOTICE TO GRADUATES AND THOSE 
ABOUT TO GRADUATE IN SCIENCE 

The Faculty offers a one year course for 
graduates wishing to prepare for a career in 
management, leading to the Graduates Commerce 
Diploma 

Applications for admission to the course starting 
m October, 1959, and requests for further nforma- 
tion, should be made as soon as possible to the 
Registrar, University of Birmingham, Edgbaston, 
Birmingham, 15 

The Department of Scientific and Industrial 
Research has accepted this course as suitable, in 
the case of candidates with honours degrees in 
Science, for the tenure of rts Advanced Course 
Studentships 
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OF SCIENCE ' 


OURNA 


NETWORK FORMATION 
IN VULCANIZATION 


A five-day course of lectures and practical work 
at post-graduate level on the investigation of cross- 
linking processes and the structure of cross-linked 
rubbers 

September 21-25, 1959, inclusive 

For details apply to National College of Rubber 
Technology, Holloway Road, London, N7 
Tel NORth 4231 





BATTERSEA COLLEGE OF 


TECHNOLOGY 
BATTERSEA COLLEGE OF TECHNOLOGY, 
London, SW 11 Physics Department The next 
series of lectures on MICROWAVE PHYSICS will 
begin on Monday, 5th October, 1959, at 630p m 
The Course will deal with microwave theory, 
techniques and applications and is suitable for 
graduates in mathematics, physics and electrical 
engineering Suitably qualified students may 
proceed, as part-time students, to the Internal 
M Sc degree of the University of London or the 
postgraduate Diploma of the College Further 
details and enrolment forms may be obtained from 

the Secretary (Microwave Courses) 


OFFICIAL, APPOINTMENTS 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN ORGANIC CHEMISTRY 
(MICROANALYTICAL TECHNIQUES) 
Applications are invited for the above position 
The Lecturer will be responsible for the routine 
microanalytical (organic) and spectroscopic (ultra- 








violet and infra-red) service, the training and super- 
vision of technical assistants, mstruction in micro- 
analysis to senior students, and the development of 
improved methods of microanalysis The salary 
for a Lecturer 1s within the range £A1,500 by £A90 
to£A2,100perannum, plus cost of living adjustment, 
and will be subject to deductions under the State 
Superannuation Act The commencing salary will 
be fixed according to the qualifications and ex- 
perience of the successful applicant Under the 
Staff Members’ Housing Scheme ın cases approved 
by the University and its Bankers, married men 
may be assisted by loans to purchase a house 

Further particulars and information as to the 
method of applicatton may be obtained from the 
Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, 
WCI Applications close in Australia and 
London on September 5th, 1959 


UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF PHYSICS 

The University has a vacancy for an experimental 
solid state physicist to head a small group working 
on the optical properties of semi-conductors and 
photo-conductors and other effects involving 
infra-red radiation The appointment will be made 
at the Assistant Associate or Full Professor rank 
at a salary varying from $7,500 to $12,000 depending 
upon qualifications There will also be financial 
assistance for travelling to Canada The under- 
signed will be ın Great Britain from September Ist 
to 5th to interview anyone interested Address 
c/o B C House, London, S W1 Write for further 


particulars to 
G M SHRUM, 
Head, Department of Physics 


UNIVERSITY OF LONDON 
READERSHIP IN INORGANIC CHEMISTRY 
AT BIRKBECK COLLEGE 

The Senate invite applications for the Readership 
in Inorganic Chemistry tenable at Birkbeck College 
(salary £1,475 to £1,775 to £2,150 a year plus £80 
London Allowance) 

Applications (10 copies) must be received not 
later than 15th September, 1959, by the Academic 
Registrar, University of London, Senate House, 

C1, from whom further particulars may be 
obtained 
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ROYAL NAVAL SCIENTIFIC SERVICE 
Vacancies for Senior Scientific Officers and Scien- 
tfic Officers in following localities 

London Area Mechanical Engineer with sound 
knowledge of basic principles of thermo and fluid 
dynamics to carry out research programme in à 
particular field of apphed hydrodynamics Experi- 
ence 1n modern methods of design and research on 
axial flow compressors, turbines or pumps an ad- 
vantage Mechanical Engineer for work on pro- 
pulsion problems Applied Mathematician for re- 
search of basic nature on stability of underwater 
yehicles knowledge of theoretical hydrodynamics 
and theory of contro! systems an advantage 
Applied Mathematician or Theoretical Physicists 
for acoustic analysis Electronic Physicists for data 
handhng and analysis problems Physicist inter- 
ested in operator performance Classical 
Physicists 

Baldock Physicists or Applied Mathematicians 
for research in Metal or Quantum Physics 

Portsmouth Electronic Engineers for research 
on analogue computers and transistor circuits 
Electrical Engineers for research on small rotaung 
electrical machinery Physicists—for — optical 
systems and instrumentation — Electro-mechanical 
engineers—for work on servo-mechanisms 

Portland Physicists or Applied Mathematicians 
for research on underwater acoustics Electronic 
Physicists, Electronic Engmeers—for design work 
Physical Chemists 

Poole Chemical Engineers 
on rubber technology 

Rosyth Physicists—(Electronic) 

Candidates must normally be natural born 
British subjects of natural born British parents, 
with first- or second-class honours degrees Senior 
Scientific Officers must have had three years’ post- 
graduate experience and be not less than 26 years 
of age Salaries (men) Senior Scientific Officer, 
£1 233 to £1 460 , Sc entific Officer, £655 to £1,150 
(London), somewhat lower in provinces Ap- 
pointments unestablished (with F S SU benefits), 
but opportunities may occur for those between 
ages of 21 and 32 to compete for established 
posts —Forms from Ministry of Labour and 
National Service, Technical and. Scientific Register 
(K), 26 King Street, London, S W 1 (quote A 220/ 
9A) 


Chemists for work 





BOROUGH POLYTECHNIC 
BOROUGH ROAD, LONDON, SE1 
Principal James E Garside, M Sc Tech, PhD, 

FRIC,FIM,FInst F 
The governors invite applications 
following new appointments 


DEPARTMENT OF CHEMISTRY AND 
FOOD TECHNOLOGY 
Head of Department 
Francis Aylward, Pb D, DSc, FRIC 
Lecturer in Physical Chemistry—Candidates 
should have good acedamic qualifications, teaching 
experience and/or research experience Excellent 
research facilities available 
Lecturer in Chemical Enguneuring— Candidates 
should possess good academic qualifications in 
chemical engineering, chemical technology, or 
physical chemistry, and preferably should have had 
industrial and/or teaching experience 
The Lecturer appointed will be expected to— 
(a) Take charge of the development of Chemical 
Engineering Courses 
(b) Assist with Courses leading to the Diploma 
in Technology 
Good research facilities available 
Salary scale £1,200 by £30 to £1,350 per annum 
Successful candidates may be appointed at a point 
on the scale above the minimum if they have had 
previous experience in the grade for which they 
have applied or in some capacity which can be 
regarded as equivalent 
In addition, London allowance of £36 or £48 1s 
payable and the gross salary 1s augmented by 
5 per cent special addition 
Further particulars and Form of Application, 
which should be returned as soon as possible, 
obtamable from the undersigned 
FREDK J PACKER 
Clerk to the Governing Body 


for the 





McGILL UNIVERSITY 
DIRECTOR FOR THE 


COMPUTATION CENTRE 


The centre 1s equipped with an IBM 650 
Preference will be given to applicants with a wide 
scientific background Salary $11,000 Personal 
details should be sent to the Vice Principal, McGill 
University, Montreal, Quebec 





EAST AFRICA HIGH COMMISSION 
METEOROLOGIST, EAST AFRICAN 
METEOROLOGICAL DEPARTMENT 

Qualifications Honours degree ın mathematics 
and/or physics Preference will be given to candi- 
dates with a post-graduate qualification and/or 
experience 1n meteorology, but this 1s not essential 

A successful applicant witb no previous forecasting 

experience will normally be required to pass a 

training course 

Age 21 to 35 but experienced candidates up to 45 
would be considered 

Duties Mainly chart analysis and weather fore- 
casting but the officer may be required to undertake 
research 

Terms of Appomtment On probation to the 
permanent and pensionable establishment, or on 
contract for one tour (30-36 months) in the first 
instance with gratuity on satisfactory completion 
of service Salary in the scale £939-£1,863 per 
annum Outfit allowance Free passages Quarters 
provided at rental if available House or hotel 
allowance if quarters not provided Generous 
leave Medical attention available Taxation at 
local rates 

Apply to Director of Recruitment, Colonial 

Office, London, SW 1 State full name, age, 

die cations and experience Quote BCD/57/88/ 








TEHERAN UNIVERSITY 
TECHNICAL FACULTY 
Applications are invited. for lectureships in 

WORKSHOP TECHNOLOGY, CHEMICAL 
ENGINEERING, ELECTRICAL ENGINEER- 
ING, MECHANICAL ENGINEERING AND 

GEOLOGY 

Candidates must be British subjects with British 
University or equivalent qualifications and 
laboratory experience 

Salary free of tax £2,750 a year plus free accom- 
modation Contract for one year, renewable 
Return fares paid, also for family UK super- 
annuation may be mamtamed and secondment 
from present employment might be arranged 

Write, quoting N7(59) and enclosing stamped, 
addressed foolscap envelope to Director, Recruit- 
ment Department, British Council, 65 Davies 
Street, London, W 1 , for further particulars and 
application form, to be returned, completed, within 
two weeks of receipt 





UNIVERSITY OF NATAL 
SOUTH AFRICA 
DEPARTMENT OF BOTANY 

Applications are invited from suitably qualified 
persons for appointment to the post of Lecturer 
i Botany, Pietermaritzburg An interest in Algae 
and Fungi 1s desirable 

The salary scale attached to the post 1s £1,050 
by £60 to £1,530 per annum The commencing 
notch on the above salary scale will be dependent 
on the qualifications and/or experience of the 
successful candidate 

Application forms and further particulars of the 
post, including commencing dates, etc, are 
obtainable from the Secretary, Association of 
Universities of the British Commonwealth, 36, 
Gordon Square, London, WC 1 

Applications close in South Africa and London 
! on 3Íst August, 1959 





NORTHERN POLYTECHNIC, 
HOLLOWAY, LONDON, N7 


The Governing Body invite applications for the 
post of Senior Lecturer in Inorganic Chemistry 
to commence in January, 1960 Experience in 
| teaching and research essential Industrial ex- 
perience would be an advantage The candidate 
appointed will be expected to initiate. and direct 
research in his special subject Salary scale 
Men—£1,417 10s by £52 10s to £1,627 10s, 
Women—£1,336 10s by equal pay increments to 
£1,627 10s , together with allowances in accordance 
with the Burnham Award 

Form of application and further particulars will 
be sent on request to the Clerk to the Governors 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 

Applications are invited. for a National Coal 
Board Postdoctoral Fellowship ın Physical 
Chemistry The research work to be undertaken is 
connected with the study of solids by a number of 
techniques such as mass spectroscopy The salary 
will be £700 to £800 per annum according to age 
and experience 

Applications (two copies) should be sent as soon 
as possible to the Deputy Registrar, The University, 
Edgbaston, Birmmgham, 15 





DENMARK HILL, SE5 

Applications are invited for an appointment as 
Senior Assistant Physicist The successful candidate 
| will be expected to take responsibility 1n radiation 
physics and 1sotope work, and hospital experience 
is desirable He will have an opportunity of 
partaking in other branches of medical physics 
work including some research Salary according 
to Whitley Council scales for the Senior Grade 

£1,190 to £1,600, including London Weighting 
Applications, together with the names of two 
referees, should be sent to the House Governor, 
King’s College Hospital, Denmark Hill, London, 


SES 
S W BARNES, 
House Governor 


| KING'S COLLEGE HOSPITAL 





GOVERNMENT OF TANGANYIKA 
GEOLOGIST 

Qualifications First or good Second-class 
honours degree 1n Mining Geology Post-graduate 
experience desirable Candidates with a First or 
good Second-class honours degree in geology and 
post-graduate experience in mmung geology will be 
considered 

Age Preferably under 35 

Duties Regional mineral survey, detailed 
examination of producing mines and mineral 
prospects 

Terms of appointment On probation to the 
permanent and pensionable establishment, or on 
contract for one tour (30-36 months) 1n the first 
instance with gratuity on satisfactory completion 
of the engagement Emoluments in the scale 
£981-£1,863 per annum Outfit allowance 
Education allowances for children Subsistence and 
transport allowances when travelling on duty 
Free passages Quarters provided if available at 
rental Generous leave Taxation at local rates 
Free medical attention 

Apply to Director of Recruitment, Colomal 
Office, London, SW 1 State full name, age quali- 
fications and experience Quote BCD 105/8/03/C1 








WELSH PLANT BREEDING 


STATION 
UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
Applications are invited for an officer with special 
interest in abstracting and translating to take 
charge of the Library of the Welsh Plant Breeding 
Station For further particulars apply to the 
Secretary, Welsh Plant Breeding Station, Plas 
Gogerddan, Near Aberystwyth 





BOTANY SCHOOL, OXFORD 

Cytologist wanted to carry out experimental 
research with chromosomes under a DSIR grant 
tenable for three years under the present grant, 
beginning at any convenient time Candidates 
sbould hold a Doctor's degree and the salary will 
be in the range of £800-£1,100 plus FSSU 
Applications. should be sent to the Sherardian 
Professor 





AUSTRALIAN NATIONAL 


UNIVERSITY 
CANBERRA 

RESEARCH SCHOOL OF PACIFIC STUDIES 

READERSHIP OR SENIOR FELLOWSHIP 

IN BIOGEOGRAPHY 

Applications are invited for appointment to a 
Readership or Senior Fellowship in the Department 
of Geography The qualifications desired are 
essentially 1n plant ecology, and tropical experience 
would be an advantage The status of the appoint- 
ment made wil! be 1n accordance with qualifications 
and experience 

The salary for Readers 1s within the range 
£A2,763-£A3,213 A Reader 1s appointed to the 
permanent staff, retiring age 1s sixty-five with the 
option of retiring after the age of sixty Senior 
Fellows are appointed at a salary 1n a range fixed 
within the limits £A2,553-£A3,063 and appointment 
1s made for an initial period of five years, thereafter 
1t may be made permanent 

The person appointed will be entitled to one 
year’s study leave on full pay plus a contribution 
of up to £A1,342 (if a Reader) or £A1,226 (if a 
Senior Fellow) towards travel and other expenses, 
In every six years 

Superannuation on the FSS U pattern 1s pro- 
vided and reasonable removal expenses are patd 

Further details are available from the Secretary, 
Association of Universities of the British Common- 
wealth, 36, Gordon Square, London, WC 1 

Applications close in Australia and London on 
15th October, 1959 
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STUDLEY COLLEGE, 


WARWICKSHIRE 
AGRICULTURAL AND HORTICULTURAL 
COLLEGE FOR WOMEN 
Principal Miss E E Hess, NDH 
Applications are mvited for the post of Assistant 
Lecturer in Agriculture to Diploma standard, from 
single or married men and women, with a degree m 
agriculture andjor NDA Some experience in 

practical farming and teaching 

Salary will be on one or other of the following 
scales plus 5 percent Farm Institute Scale Grade 
II (Men) £550 to £975 or Further Education 
Scale Assistant Grade B (Men) £650 to £1,025 

Applications giving age, qualifications, ex- 
perience, etc , and two referees to the Principal as 
soon as possible 





RADIOLOGICAL PROTECTION SERVICE. 
(Medical Research Council and Munistry of 
Health), Clifton Avenue, Belmont, Sutton, Surrey, 
requires a Scientist with First or Second class 
Honours degree, to Join a team of physicists and 
engaged chemists on problems concerned with the 
hazards to human bemes from internally deposited 
radioactive materials The work will be mainly 
concerned with the evaluation of maximum permis- 
sible amounts of various isotopes 1n human beings 
and the measurement of body radioactivity by 
excretion methods Preference will be given to 
persons having an interest and training in both 
physics and biology 

Salary according to age and qualifications at a 
point on the scales £750 by £50 to £850 or £900 
by £100 to £1,100 per annum, plus London 
Weighting and child allowances 

Applications with the name and address of two 
referees, to the Director, Mr W Bunks, at the 
above address 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
Appointment for approximately 5 years for 
research scientist to work on project administered 
under US A Counterpart Funds Project includes 
application of new techniques 1n differentiation and 
recognition of strains of micro-organisms 1mpor- 
tant m dairy products with atm of obtaining data 
useful in scientific control of manufacturing pro- 
cedures Candidates should possess first or good 
second class honours in chemistry or biochemistry 
Some experience or tramtng in bacteriology an 
advantage Startmg salary, according to experience 
m the range £650—£1,120 pa Superannuation 
under FSS U_ Applications naming two referees 
and statmg full particulars to the Secretary, 
NIRD Shinfield, Reading, Berks Quoting 

ref 59/8 


CIVIL ENGINEERS FOR 
DEPARTMENT OF MAIN ROADS, 
NEW SOUTH WALES, AUSTRALIA 


Applications are invited from graduates (or 
undergraduates in tbeir final year) imn Civil 
Engineering of a recognised British or Irish Un.ver- 
sity for appointment to the staff of the Department 
of Main Roads, New South Wales, the State Road 
Authority for construction of roads and bridges 

On appointment, applicants may be engaged at 
the Department's Head Office, Sydney, on the 
design of reinforced concrete and steel bridges, or 
on main road construction and maintenance either 
in the Metropolitan Area or the country 

Commencing salary according to qualifications 
and experience will be within the range £A1,185 to 
£A1,410 per annum, with annual progression, 
subject to technical competence to £A2,093 per 
annum  Appoitees will be eligible to contribute 
to the State Superannuation Fund after six months 

Appointee's full fare from England to Australia 
will be met by the Department, subject to a three 
years’ service guarantee bond being completed 
Appointment will be subject to passing a medical 
examination and preference will be givea to 
applicants not more than 30 years of age 

Applications should be made on forms obtainable 
from the Agent General for New South Wales, 
56 Strand, London, W C2 





UNIVERSITY OF GLASGOW 


Research Assistant required to work on the effects 
of low temperature on mice Candidates should 
have a good degree in Zoology or Physiology 
Starting date as soon as possible Appointment in 
the first instance to 30th September, 1960 Salary 
not more than £650 per annum Applications, 
giving the names of two referees, should be sent 
at once to Dr S A. Barnett, Zoology Depar'ment, 
The University, Glasgow, W 2 











UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ENGINEERING 

Applications are invited for the post of Assistant 
in the Department of Engineering Salary Scale 
£700 by £50 to £850 per annum, together with 
superannuation benefit and family allowance where 
applicable Candidates are normally expected to 
possess an honours degree in Mechanical or Civil 
Engineering The successful candidate will be 
encouraged to research with a view to obtaining a 
higher degree 

The successful Candidate wil] be expected to take 
up duty on Ist October, 1959 

Further information may be obtained from the 
undersigned, with whom applications, giving the 
names of two referees, should be lodged as soon as 


possible 
CHARLES H STEWART, 
Secretary to the University 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


Applications are invited for the post of— 
DIRECTOR, COMMONWEALTH BUREAU 
OF ANIMAL NUTRITION, ROWETT RE- 
SEARCH INSTITUTE, BUCKSBURN, ABER- 
DEEN, SCOTLAND 

The work of the Bureau 1s to collect, collate and 
make available to research workers mformation 
on the nutrition of man and animals and_ its 
implications for agriculture and human welfare 
Salary scale £2,200-£2,600 Provision for super- 
annuatton 

Applications should be submitted by 31st 
October, 1959, to the Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham 
Royal, Bucks , from whom full particulars, 1nclud- 
ing regulattons for passages to overseas candidates 
on first appointment, can be obtained. Government 
employees should apply through their governments 





UNIVERSITY OF NEW ENGLAND 


AUSTRALIA. 

TWO LECTURESHIPS IN GEOGRAPHY 

Applications are mvited for two positions of 
Lecturers in Geography These are new appoint- 
ments to meet demands of increases m numbers 
of students Duties will include work with both 
internal and external students, but a substantial 
part of the work will be with external students by 
Correspondence and at residential schools 

Commencing salary will be determined according 
to qualifications and experience within the range 
£A1,500 by £A90 to £A2,100 plus cost of living 
allowance Provision 1s made for superannuation, 
travel and removal expenses, assistance m buying 
or building a house 

Further information may be obtained from the 


Secretary, Association of Universities. of the 
British Commonwealth, 36 Gordon Square, 
London, WCI 


Applications close, 1n Australia and London, on 
15th September, 1959 





FISHERIES RESEARCH BOARD OF 
CANADA 


A Shellfish biologist 1s required for oyster re- 
search in eastern Canada probably with head- 
quarters at Ellershe, Prince Edward Island To 
be considered, an applicant must have a Bachelor s 
degre, or better, with biological training and 
ability to organize work and supervise subordin- 
ates The position will be classified Assistant 
Scientist ($4,600 to $5,800) or Associate Scientist 
($6,000 to $7,500) according to the qualifications 
and experience of the successful applicant The 
Fisheries Research Board of Canada is an agency 
of the Government of Canada and service with it 
carries all the privileges (leave, superannuation, 
death benefit) of Public Service 

Applications should be accompanied by state- 
ments of personal history and training and recom- 
mendations from former employers and professors, 
and addressed to the Director, Fisheries Research 
Board of Canada, Biological Station, St Andrews 
NB, Canada 





UNIVERSITY OF DURHAM 
KING'S COLLEGE, 
NEWCASTLE UPON TYNE 
Department of Physics 
A TECHNICIAN 
required ın the Department of Physics Experience 
with lecture demonstrations an advantage but not 
essential Commencing salary at an appropriate 
point on the Technicians’ Scale (£440-£590) 

depending on age, qualifications and experience 
Applications, giving full details of qualifications 

and experience should be addressed to the Professor 

of Physics, King's College, Newcastle upon Tyne, 1 








UNIVERSITY OF DUBLIN 
TRINITY COLLEGE 

Applications are invited for the following posts 
in the School of Veterinary Medicine, duties 
to be taken up on January 1st 1960 

Senior Lecturer tn Bacteriology and Pathology 

Senior Lecturer in Surgery 

Lecturer 1n Biochemistry 

Lecturer ın Pharmacology 

Lecturer 1n Bacteriology and Pathology 

Lecturer ın Animal Husbandry 

Lecturer 1n Obstetrics 
For the Lectureship 1n Biochemistry a Veterinary 
qualification 1s desirable, for all other posts a 
Veterinary qualification 1s essential 

Salary scales Senior Lecturers £1,370-£1,775 
(with 1ncrements of £135 at 10, 15 and 20 years), 
Lecturers £1,045 by £47 10s to £1,377 10s by 
£23 15s to £1,520, with membership of a non- 
conte IMMER Superannuation and Life Assurance 

eme 

Applications (three copies), stating experience 
and the names and addresses of three referees, should 
reach the Registrar, Trinity College, Dublin, from 
whom further particulars may be obtained, not 
later than September 30th, 1959 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 

Applications are invited for the post of Assistant 
in the Department of Chemistry Salary Scale 
£700 by £50 to £850 per annum, with superannua- 
ton benefit and family allowance where applic- 
able Tenure is normally for three years The 
successful candidate will be expected to take up 
duty on 1st October, 1959 

Further particulars may be obtained from the 
undersigned, with whom applications, giving the 
names of two referees, should be lodged as soon 


as possible 
CHARLES H. STEWART, 
Secretary to the University 


CRUMPSALL HOSPITAL, 
MANCHESTER, 8 


Applications are invited for the post of — 
RESEARCH BIOCHEMIST 

in the Department of Pathology, 
Hospital 

Applicants should hold an honours degree in 
Chemistry or Brochemistry, or be Associates of the 
Royal Institute of Chemistry Previous hospital 
experrence not essential 

The appointment will be in the basic grade of 
the NHS scales for Biochemists and will be for a 
period of three years 

Applications, together with the names and 
addresses of two referees should be sent to the 
Hospital Administrator, Crumpsall Hospital, 
Manchester, 8 


LONDON COUNTY COUNCIL 
NORWOOD TECHNICAL COLLEGE 
CHEMISTRY AND BIOLOGY DEPARTMENT 

Research Assistant (Plankton), full tıme, required 
September, 1959, for two years (extension to three 
possible), to join small team (in association with 
NZ Institute of Oceanography) working on 
Plankton from waters south of New Zealand 
Work suitable for London University external 
MSc or PhD Applicants should be Zoology 
graduates (or taking Finals this year) with real 
interest in Plankton 

Allowance £300 per annum (subject to review) 
plus about £150 per annum for about six hours 
teaching a week 

Application forms from Principal at College, 
Knight’s Hill, London, S E27, to be returned 
within 14 days (1406) 


DERBY AND DISTRICT 


COLLEGE OF TECHNOLOGY 
Principal T Heap, PhD, MSc, FRIC, 
AMIIA 

Applications are invited from Honours Grad- 
uates 1n Chemistry for posts as Research Assistants 
Posts are tenable for two years in the first instance 

The persons appointed will carry out research 
work for higher degrees on one of the following 

1 The relationship between sorption affinity of 

alumina for a series of organic solutes in non 
polar solvents and certain physical properties 
of the sorptives 

2 A problem ın nitrogen heterocyclic chemistry 

Salary scale £550 by £50 to £650 

Further particulars and application forms can be 
obtained from the Principal, Derby and District 
College of Technology, to whom completed applica- 
tions should be returned as soon as possible 

C MIDDLETON 
Secretary to the Joint 
Education Committee 








Crumpsall 
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UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF INDUSTRIAL 
METALLURGY 

Applications are invited for a Lectureship in the 
Department of Industrial Metallurgy to lecture to 
final year and postgraduate students Good 
facilities are provided for research Candidates 
Should have a good degree in Metallurgy or 
Chemistry and industrial or research experience, 
ability in thermodynamics and an interest in the 
application of science in the field of melting and 
solidification would be an advantage Salary 
within range £900 to £1650 with FSSU and 
family allowance 

Applications (three copies), with the names of 
three referees, should be sent to the Deputy 
Registrar, The University, Birmmgham, 15, from 
whom further particulars may be obtained 


THE HOSPITAL FOR SICK 


CHILDREN 
GREAT ORMOND STREET, 

LONDON, WC1 
Applications are invited for the appointment of 
Research Biochemist (Ph D standard) to work 
primarily on steroid chemistry in children The 
salary offered 1s within the range £1,190 to £1,600 
per annum according to qualifications and ex- 
perience Applications should be sent to Dr 
B Clayton, Department of Chemical Pathology 

from whom further particulars may be obtained 


UNIVERSITY OF LONDON 


KING’S COLLEGE 

The College will require on October Ist, 1959, a 
Lecturer in Zoology Applicants should have 
experience in teaching the zoology of the mverte- 
brates to Honours standard A special interest in 
parasitology, genetics or cell physiology would 
be an advantage, but 1s in no way essential 

Salary scale £900 by £50 per annum to £1,350, 
then, after review, by £75 per annum to £1,650 
Starting point according to qualifications and 
experience A London allowance of £60, family 
allowances and FSSU benefits will also be 
payable 

Full conditions of appomtment and application 
forms may be obtamed from the Registrar, King’s 
College London, Strand, W C 2, completed forms 
must reach him within a fortnight from appearance 
of this advertisement 











THE UNITED BIRMINGHAM 


HOSPITALS 
THE GENERAL HOSPITAL 
BIRMINGHAM, 4 

Technician, BSc, or equivalent qualification 
Haematology Department, salary £535 to £635 
per annum, and conditions of service as agreed by 
the Whitley Council Applications stating age and 
education and giving names of two referees, should 
be addressed to the House Governor 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ANIMAL GENETICS 
Biochemust, or other suitably qualified person, 
required to collaborate with Dr G H Beale in 
genetical and biochemical work with Paramecium 
antigens The work 1s concerned with gene con- 
trolled variations in protein specificity Salary in 
accordance with qualifications 

Further particulars may be obtained from Dr 
Beale, Institute of Animal Genetics, University of 
Edinburgh, The King's Buildings, West Mains 
Road, Edinburgh, 9 


INSTITUTE OF ANIMAL 


PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 

Assistant Experimenta] Officer with experience of 
Isotope counting equipment required to undertake 
maintenance, development and some routine duties 
Minimum qualifications GCE 1n five subjects 
including two (Science or Maths) at Advanced 
level, or equivalent Salary according to age in 
Scale, £427 at 19, to £855 Contributory super- 
annuation scheme Applications with the names 
of two referees to the Secretary within two weeks 


BIOCHEMIST required for research into brain 
metabolism, especially into the effects of stress on 
molecular and enzymic dynamics The work will 
be co-ordinated with that of a team on the 
cybernetic aspects of stress Initiative and adapt- 
ability are required rather than any highly 
specialised technique 

Applicant should have a good Honours degree 
Facilities will be given for a PhD thesis The 
appointment will be for three years in the first 
instance Salary 1n accordance with qualifications 

Applications to the Director, Burden Neuro- 
logical Institute, Stapleton, Bristol 








PLANT BREEDER 
(PYRETHRUM), KENYA 


In addition to main duties in plant breeding, he 
will be required to take control of pyrethrum 
research and be responsible for agronomic trials 
with pyrethrum 

Candidates must have a degree in Agriculture or 
Horticulture or an Honours degree in Botany with 
post-graduate traming or experience in plant 
breeding Trainmg : plant breeding can be 
arranged for a candidate without post-graduate 
experience 

Appomtment on probation for permanent 
establishment with pensionable emoluments in 
scale £981-£1,863 per annum Free passages on 
appointment and leave for officer, wife and children 
up to three adult passages in all. Furnished accom- 
modation, if available, at moderate rental 

Apply giving brief particulars, to Director of 
Recruitment, Colonial Office, London, SW 1, 
quoting BCD63/7/014 





DAIRY RESEARCH INSTITUTE 


(NZ) 
BIOCHEMIST 

Applications are invited for a position as B10- 
chemist in the Bacteriological Department of the 
Dairy Research Institute (N Z ) Palmerston North, 
New Zealand Commencing salary will be within 
the ranges £720 to £1,000 or £1,025 to £1,275, 
depending on experience, qualifications and age 
The appointee 1s required for research into cheese- 
ripening problems, and it would be an advantage 
to have some experience in bacteriological tech- 
mque He will probably be required to work for 
a period of one or two years at the National 
Insutute for Research in Dairying, at Shinfield, 
Reading, before proceeding to New Zealand 

Further particulars may be obtained from the 
Secretary (Ref 59/11), National Institute for Re- 
search in Dairying, Shinfield, Reading 


LABORATORY STEWARD required to 
administer stores (including chemicals and glass- 
ware) and to service teaching laboratories, some 
scientific knowledge (particularly in chemistry) 
desirable and experience in glass-blowmg an 
advantage Salary on scale £440—£590 Applica- 
tions giving age, qualifications and the names of two 
referees to be addressed to Professor R D Preston, 
Department of Botany, The University, Leeds, 2 





BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 
Applications are invited from physical chemists 
or biochemists for a research fellowship for work 
on virus substructure in conjunction with a team 
studying the structure of viruses by physica 
methods Starting salary up to £1,250 per annum 
according to qualifications and experience Alter- 
natively, graduates wishing to read for a higher 
degree might be considered for appointment to a 
Research Assistantship with a starting salary of 
up to £800 per annum 
Candidates free to assume appointment on, or 
at any time before, October 1, 1959, should apply 
as soon as possible for further information to the 
Secretary, Bırkbeck College, Malet Street, London, 
C1 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

Honours Graduate ın Bacteriology, or graduate 
with subsequent experience in bacteriology, to 
assist ın work on bovine mastitis, mainly using 
one-egg twins Opportunities to study for higher 
degree Appointment to either Scientific Officer 
Class, commencing salary range £615 to £1,166, or 
Experimental Officer Class, £492 to £954, accord- 
ing to age, qualifications, and experience , 
FSSU 

Applications, naming two referees, to Secretary, 
NIRD, Shmfield, Reading Quote ref 59/12 








THE ROYAL SOCIETY 
FOULERTON GIFT RESEARCH 
FELLOWSHIP 

The Council of the Royal Society invites applica- 
tions from candidates of British nationality for a 
FOULERTON GIFT RESEARCH FELLOW- 
SHIP for original rsea rch in medicine The 
stipend will be 1n the range from £850 to £1,050 
and the appointmen} 1s for two years in the first 
mstance from Ist January, 1960 Application 
forms may be obtained with further particulars 
from the Assistant Secretary, The Royal Society, 
Burlington House, London, W 1, to whom they 
should be returned not later than 1st October, 1959 








CITY AND COUNTY OF BRISTOL 
THE COLLEGE OF TECHNOLOGY 
(Designated as a College of Advanced Technology 
as from September, 1960) 

The Governors invite applications for the 
following posts to commence on 1st September, 
1959 or as soon as possible thereafter 
LECTURER IN MATHEMATICS 

Applicants should possess an honours degree ın 
Mathematics or Statistics and should have teaching 
and research or industrial experience involving the 
application of mathematics to scientific or 
engineering problems Preference given to candi- 
date with experience in statistical work 

ASSISTANT GRADE B IN MATHEMATICS, 
for work up to and including Ordinary National 
Certificate Applicants should possess a degree 
in Mathematics and should have teaching and 
research or industrial experience involving the 
application of mathematics to scientific or 
engineering problems 

Salary Burnham Scales — 

Lecturer Men, £1,260 by £31 10s to £1,417 10s, 
Women, £1,008 by £25 4s to £1,134 plus equal pay 
increments 

Assistant, Grade B Men, £682 10s by £26 5s to 
£1,076 5s , Women, £609 by £21 to £861, plus 
equal pay mcrements 

Placing on scale dependent on approved indus- 
trial and teaching experience and, in case of Grade 
B Assistant, there will also be additions for degree 
and training 

Application form, returnable within fouteen 
days of appearance of this advertisement, and details 
from Registrar, College of Technology, Ashley 
Down, Bristol 7 





THE ROYAL COLLEGE OF 


SCIENCE AND TECHNOLOGY 
GLASGOW 
DEPARTMENT OF CHEMICAL 
TECHNOLOGY 
Applications are mvited for 
LECTURESHIP IN CHEMICAL 
TECHNOLOGY 
from candidates possessing good Honours Degree 
m Chemistry, Applied Chemistry, Chemical 
Engineering or related subject Industrial chemical 
plant experience a strong qualification Other 
qualifications sought include a higher degree, 
teaching and research experience, or a mathematical 
bias Research work encouraged for which there 
are excellent facilities Salary on scale £900 by £50 
to £1,350 by £75 to £1,650 Application forms 
from the Secretary-Ireasurer, George Street, 
Glasgow, C 1 





WOOLWICH POLYTECHNIC 

Applications invited for a Research Assistant in 
Mathematics Department The canditate appointed 
will be expected to read for an MSc or PhD 
(Internal) Degree of London University in the 
field of Elasticity The Assistantship ıs tenable 
for two or three years and has a value of £440-£600 
a year Particulars and application form from 
Clerk to Governors 





McMASTER UNIVERSITY 

Applications are invited for positions 1n Physical 
Chemistry and ın Organic Chemistry at McMaster 
University, Hamilton, Ontario for September, 
1959 or September, 1960 Appointments will be 
made at a rank and salary appropriate to qualifica- 
tions Preference will be given to recent graduates 
with postdoctoral experience There are excellent 
facilities for research including a one megawatt 
swimming pool reactor 

Inquiries should be directed to D B MacLean, 
Chairman, Department of Chemistry 





UNIVERSITY OF CAMBRIDGE 
SCHOOL OF VETERINARY MEDICINE 
Research Assistant, science graduate, required to 
carry out experimental work on animal blood- 
groups Previous experience in serology and blood- 
group studies necessary 

For particulars apply to the Admuustrative 
Secretary, School of Veterinary Medicine, 
Madingley Road, Cambridge 





MOREDUN INSTITUTE 
EDINBURGH 
Experimental Officer (male) for Biochemistry 
Department Should have experience of bio- 
chemical research Science Degree or ARIC 
preferred Salary range £980 to £1,200 FSSU 
Full particulars and names of two referees to 
The Secretary, Animal Diseases Research Associa- 
tion, Moredun Institute, Gilmerton, Edinburgh, 9 
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UNIVERSITY OF CANTERBURY 
CHRISTCHURCH, NEW ZEALAND 
LECTURESHIP IN CIVIL ENGINEERING 
Applications are invited for the above position 
Applicants should have a degree 1n Civil Enga- 
eermg of a recognised University, teaching ex- 
perience at a University, or have held a responsible 
position m a branch of Civil Engineering The 
salary will be at the rate of £1,025 per annum, 
rising by annual increments of £50 to £1,275 per 
annum Commencing salary will be in accordance 
with qualifications and experience An allowance 

1s made towards travelling expenses 

Further particulars and information as to tne 
method of application may be obtained from the 
Secretary,Association of Universities of the British 
Commonwealth, 36, Gordon Square, London, 
WC! Applications close in New Zealand and 
London on September 30th, 1959 


UNIVERSITY COLLEGE OF 
RHODESIA AND NYASALAND 


Applications are invited for a Lectureship in 
Botany from candidates with special interest in 
Plant Physiology Salary scales Assistant 
Lecturer £1,050 by £50 to £1,200 per annum, 
Lecturer (Grade II) £1,200 by £50 to £1,450 per 
annum, (Grade XY) £1,450 by £50 to £1,750 per 
annum, entry point determined by qualifications and 
experience Superannuation Scheme Passages to 
Salisbury for appointee, wife and dependent child- 
ren on appointment with allowance for transport of 
effects Unfurnished accommodation at rent of 15 
per cent of salary Assistance given for triennial 
leave overseas 

Detailed applications (six copies) naming three 
referees by August 30th, 1959 to Secretary, Inter- 
University Council for Higher Education Overseas, 
29 Woburn Square, London, W C 1, from whom 
further particulars may be obtained 





UNIVERSITY COLLEGE, DUBLIN 


Applications are invited for the post of Academic 
Assistant 1n the Department of Chemistry to hold 
office from October Ist, 1959 The successful 
candidate will be expected to have a Ph D degree, 
preferably on the morganic side, and some ex- 
perience tn lecturing to large classes The initial 
salary 1s £850 per annum and there are prospects 
of promotion to Assistant—and eventually to 
College-Lectureships The pension scheme 1s 
non-contributory and family allowances are given 
Fees are paid for examination work 

Further particulars may be obtamed from the 
Secretary and Bursar, University College, Earlsfort 
Terrace, Dublin, who will accept applications, 
which should show the names of two referees, up to 
September Ist, 1959 





UNIVERSITY OF TASMANIA 
AUSTRALIA 
LECTURESHIP OR SENIOR LECTURESHIP 
IN FLUID DYNAMICS 
The University invites applications for the above 
position The salary grades for Lecturers are 
Grade II £A1,450 by £A60 to £A1,630 and Grade I 
£A1,630 by £A60 to £A2,050, and for Senior 
Lecturer£A2,150 by £A60 to £42,510 Appointment 
will be offered within one of these grades according 
to qualifications and experience 
Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities. of the 
British Commonwealth, 36, Gordon Square, 
London, WC I, Applications close in Australia 
and London on 14th September 1959 





MEDICAL RESEARCH COUNCIL require a 
young graduate, with a First or good Second Class 
honours degree in physics, chemistry or engineering, 
for ther PNEUMOCONIOSIS RESEARCH 
UNIT, Cardiff, for interesting research into the 
effect of environmental conditions (especially dust) 
on the health of workers, 1n collaboration with the 
Department of Occupational Health at the London 
Schoo! of Hygiene, where an initial traming period 
will be provided Salary within range £700-2850 
per annum, according to qualifications and ex- 
perience Superannuation provision Apply 
Director, Pneumoconiosis Research Unit, Llan- 
dough Hospital, Penarth, Glamorgan 





UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL 


Research Assistant required ın Pathology 
Department Graduate 1n biochemistry or biology 
Salary according to experience 

Application to Secretary, University College 
Hospital Medical School, University Street, 
London, WCI 











UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF PHYSICS 

Applications are invited for permanent and also 
temporary positions for the Session commencing 1n 
September, 1959 Full particulars and a descriptive 
booklet available upon request Applicants are 
requested to send information regarding training 
and experience The undersigned will be in London 
from September {st to 4th inclusive for interviews 
London Address c/o B C House, 1-3 Lower Regent 
Street, SW 1 

For further information write G M Shrum, 
Head, Department of Physics, University of British 
Columbia, Vancouver, Canada 


NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N7 
Applications are invited from honours graduates 
in physics for appomtment as research assistant 
for problems concerned with fast particle tech- 
niques, gas discharges, spectroscopy or electronics 
The candidate appointed can qualify by research 
for the PhD degree Rate of pay—approximately 
£480 per annum 
Further particular and form of application 
obtamable from the Clerk to the Governors 
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SENIOR TECHNICIAN, HISTOLOGICAL 
(Category I or II according to qualifications and 
experience) or Technician, required in Neuro- 
pathology Department at Fountain Hospital for 
research into Mental Deficiency Experience in 
Neuropathology an advantage Salary according 
to qualifications and experience 

Applications giving full particulars of qualifi- 
cations, experience and names and addresses of 
two referees to be sent to Group Secretary, 
UDINE Hospital, Tooting Grove, London, 


UNIVERSITY OF MALAYA 
(SINGAPORE DIVISION) 
Applications are invited for Chair of Chemistry 
Salary between £2,268 and £2,548 per annum, at 
fixed point determined by qualifications and 
experience Allowances expatriation £378 per 
annum, cost of living £210-£560 per annum 
Passages for appointee, wife and children under 12 
years — Part-furnished quarters at reasonable 

rent Provident Fund Scheme 

Detailed applications (10 copies) naming three 
referees by September 30th, 1959, to Secretary, 
Inter-University Council. for Higher Education 
Overseas, 29 Woburn Square, London, W C 1, 
from whom further particulars may be obtained 








UNIVERSITY OF SOUTHAMPTON Tech- 
nician or Junior Technician (male) required in the 
Department of Botany, to have special respon- 
Sibility for mycology, with some general laboratory 
duties Previous experience not necessary, training 
in mycological techniques will be given Salary 
scale Technician £440 by £20 to £590 per annum, 
with superannuation and sick pay scheme, Junior 
Technician £3 14s 6d per week at 16, rising to 
£7 9s 6d at 23, with prospects of promotion 
Starting date on or after July 6th, 1959 (existing 
holiday arrangements will be respected) 

Written applications, stating qualifications and 
giving the names of two referees, should be sent 
to the Professor of Botany, The University, 
Southampton, within two weeks of the appearance 
of this advertisement 


WOLVERHAMPTON AND 
STAFFORDSHIRE COLLEGE OF 


TECHNOLOGY 

Principal Robert Scott, MA,BSc, Dip Ed 

DEPARTMENT OF APPLIED SCIENCE 
Assistant Grade B in Physics 

Applicants should be honours graduates in 
physics, and have had suitable teaching, research or 
industrial experience The person appointed will 
be expected to teach some advanced level mathe- 
matics Experience in some branch of applied 
physics would be an added advantage 
Assistant Grade B in Chemustry 

Applicants should have a good honours degree 
or equivalent, together with teaching, research or 
industrial experience The person appointed will 
be required to teach inorganic chemistry to H N C 
and GRIC Part I standard 

Salary Men, £682 10s by £26 5s to £1,076 5s 
per annum, Women, £609 by £21 to £861, plus 
equal pay additions Additions for training, degree 
and appropriate experience Application forms 
and further particular (sae) from the under- 
signed, to whom applications should be returned 


within two weeks 
G W R LINES, 
Clerk to the Joint 
Education Committee 





Education Offices, 
North Street, Wolverhampton 


SWAZILAND 
AGRICULTURAL RESEARCH OFFICERS 
Vacancies exist for (1) Cotton and Gram Crop 

Research Officer for team research investigations 
1nto the agronomy of cotton and grain crops with 
emphasis on variety testing, (11) Horticulture and 
Citriculture Research Officer for team research 
investigations in citriculture and horticulture with 
special reference to irrigated crops in a sub- 
tropical area Candidates for eitner post must have 
a university degree ın Agriculture, Horticulture or 
Botany and preferably with some post-graduate 
research experience Appointments are on contract/ 
gratuity terms but with good prospects of conversion 
to permanent and pensionable terms in due course 
Salaries are in scale £660—£1,515 plus a cost of living 
allowance Free passages for officer, wife and 
children up to equivalent of four adult passages on 
appointment and up to equivalent of three adult 
passages on leave Furnished accommodation 
available at moderate renta! 

Apply, stating name in full and giving brief 
details of qualifications and experience, to Director 
of Recruitment, Colonial Office, London, S W 1, 
quoting BCD 63/76/013/C1 














RE-ADVERTISEMEN T 
HUDDERSFIELD COLLEGE OF 


TECHNOLOGY 
Principal Dr W E Scott, MBE 
DEPARTMENT OF CHEMISTRY, COLOUR 
CHEMISTRY AND DYEING 

Required September Ist, 1959 or as soon after- 
wards as possible Assistant Grade ''B" to assist 
in the teaching of Physical and Inorganic 
Chemistry An active interest ın research, together 
with experience in teaching and/or industry is 
desirable The salary (Burnham Scale) rises to a 
maximum of £1,025 per annum (Women £820 
plus equalisation pay), plus allowances for graduate 
status (£75 or £125 Men, £60 or £100 Women) 
and training (£25 to £75 Men, £20 to £60 Women) 
All amounts subject to 5 per cent special addition 
The commencing salary will depend upon qualifi- 
cations and experience and may include up to 12 
increments :n respect of approved service in 
industry 

Further particulars and forms of application, 
which must be returned as soon as possible, 
obtamable from the Principal 

H GRAY, 


Clerk to the Governors 


UGANDA NATIONAL PARKS 
VACANCY FOR DIRECTOR 

Applications are invited for the post of Director 
of the Uganda National Parks whuch will become 
vacant on or about July Ist, 1960 Conditions and 
terms of service will be by arrangement but will 
include a salary of not less than £2,000 per annum, 
free housing, contributory retiring benefits, 
overseas leave for persons not ordinarily resident 
inEast Africa Preference will be given to applicants 
with a university degree ın natural science and with 
African experience but such qualifications will not 
be necessary for appointment 

Applications giving details of experience and the 
names of two referees should be sent to the Chair- 
man, Uganda National Parks, PO Box 50, 
Entebbe, Uganda, reach him before September 15th, 


UNIVERSITY OF CANTERBURY 
CHRISTCHURCH, NEW ZEALAND 
ASSISTANT LECTURER IN BOTANY 
Applications are invited for the above position 
Candidates should have an Honours degree in 
Botany Preference will be given to applicants 
with experience in mycology, but consideration 
will also be given to applicants with interests in other 
fields The salary will be at the rate of £780 per 
annum rising by annual increments of £50 to £880 
per annum An allowance ıs made towards 

travelling expenses 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities. of the 
British Commonwealth, 36, Gordon Square, 
London, WCt Applications close in New 
Zealand and London on September 30th, 1959 


UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL 


Experienced male technician required to assist 
in research project 1n the Department of Chemical 
Pathology from Ist September, 1959 Salary, 
Whitley Council Scales Apply ın writing to the 
Secretary, University College Hospital Medical 
School, University Street, London, W C 1 
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UNIVERSITY OF CANTERBURY 
CHRISTCHURCH, NEW ZEALAND 


UNIVERSITY OF CANTERBURY 
CHRISTCHURCH, NEW ZEALAND 
ASSISTANT LECTURER IN GEOLOGY LECTURESHIP IN PHYSICS 
Applications are invited. for the above position | Applications are invited for the above position 
Candidates should have an Honours degree in, It 1s hoped to appoint someone who 1s prepared 
Geology and be able to lecture in Historical to work in the field of the solid state, but applica- 
Geology and Micro-palaeontology The salary | tions will be considered from persons with ex- 
attached to the position will be at the rate of £780 | perience and interest in other fields The salary 
per annum rising by annual increments of £50 to | will be at the rate of £1,025 per annum, rising by 
£880 Commencing salary will be in accordance | annual mncrements of £50 to £1,275 per annum 
with qualifications and experience An allowance | Commencing salary will be in accordance with 
1s made towards travelling expenses qualifications and experience and an allowance 
Further particulars and information as to the | will be made towards travelling expenses 
method of application are obtainable from the Further particulars and information as to the 
Secretary, Association of Universities. of the | method of application may be obtained from the 
British Commonwealth, 36, Gordon Square, | Secretary, Association of Universities of the 
London WC! Applications close in New] Bntish Commonwealth, 36 Gordon Square, 
Zealand and London on September 30, 1959 London, WC! Applications close ın New 
—————— ! Zealand and London on September 30, 1959 


UNIVERSITY OF BRISTOL [ 

DEPARTMENT OF CIVIL ENGINEERING 

Applications are invited. for a Lectureship 
(Grade III or lI) ın the Department of Civil 
Engineering Applicants should have a good 
honours degree and some practical experience, | tion of coal Qualifications of at least HN C in 
preferably in the field of structural steelwork It | Chemistry are essential, and preference will be 
1s desirable that candidates should be under 35 ' given to those holding a degree or ARIC The 
years of age and have some teaching experience ! successful candidate will work at the Avenue 
Salaries will be in accordance with the following Carbontsation and Chemical Plant of the NCB 
scales Assistant Lecturer (Grade IIT) £700 to £850, | near Chesterfield It is envisaged that the initial 
Lecturer (Grade II) £900 to £,1300 (bar) to £1,650 | appointment will be at not less than £700 in a scale 
The appointment ts to be made as soon as possible | whose maximum will be fixed according to quali- 
and the successful candidate will be required to take | fications The post 1$ superannuable 
up duty not later than January 1, 1960 Please apply, within seven days, giving age and 

Applications, including the names of two persons | full details of qualifications, experience, and present 
to whom reference may be made, should be sent to | post to Divisional. Chief Staff Officer, National 
the Registrar, The University, Bristol, 8, from whom | Coal Board, East Midlands Division, Sherwood 
further particulars may be obtained Lodge, Arnold Nottingham quoting S V 1000 








SCIENTIST or scientific technologist required 
for work on treatment of coke oven effluents and 
other investigations connected with the carbonisa- 


UNIVERSITY OF CANTERBURY 
CHRISTCHURCH NEW ZEALAND 
ASSISTANT LECTURER IN CHEMISTRY 
Applications are invited for the above positton 
The salary attached to the position will be at the | 
rate of £780 per annum, rising by annual incre- : 
ments of £50 to £880 per annum Commencing 
salary will be in accordance with qualifications and 
experience An allowance 1s made towards travel- 

ling expenses 


{LIVERPOOL RADIUM INSTITUTE 
MANAGEMENT COMMITTEE 


Applications are invited for the post of Physicist 
(Senior Grade) 

Candidates must hold a First or Second Class 
Honours Degree ın Physics, with preferably, some 
years’ experience in Medical Physics 

Opportunities for research are available in a wide 

range of problems 
Further particulars and information as to the Salary and conditions of service as laid down ın 


method of application may be obtamed from the 
Secretary, Association of Universities of the British | EM ircular No 71 as approved by the Whitley 


Commonwealth, 36, Gordon Square, London,, Applications, together with the names of two 


hm ec lose a ew Zealand and referees, should be addressed to the Secretary, 


| Liverpool Eum He Management Com- 
mittee, 1 Myrtle Street, Liverpool, 7, not later 
UNIVERSITY OF MEE BUE j than Seven days after the appearance of thus 
, advertisement 
LECTURESHIPS IN CHEMISTRY ! 
Applications are invited for lectureships within 
the Department of Chemistry There are two 
vacancies and applicants should have special 
qualifications or experience in etther Inorganic or 
Organic Chemistry The salary range is £1,025 CIVIL SERVICE COMMISSION 
jo £1275 per annum, rising by annual increments Applications are rer for que permanent aad 
of £50 and the initia] salary will depend on quali- | pensionable posts of Scientific cer in the 
fications and experience An allowance 1s dads | Department of Industrial and Forensic Science, 
towards travellmg expenses | Ministry of Commerce ) (1) Biologist with botany 
Further particulars and anformation as to the! as @prncipal Subject (2) Chemist Tor this port 
method of application may be obtained from the | a Kn ge ot pharmacy or tood and drugs wou. 
Secretary, Association of Universities of the| be an advantage For both posts an appropriate 
British Commonwealth, 36 Gordon Square, | first or second class honours degree or an approved 
London, W C1 The closing date for the receipt | equivalent qualification 1s required Salary scale 


of applications in New Zealand and London 1s | £635-£1,120 Entry point will be determined 
September 30, 1959 according to the qualification and experience of the 


successful candidates Preference for ex-Servicemen 
UNIVERSITY OF LONDON 


Further particulars and application forms 
READERSHIP IN ORGANIC CHEMISTRY ' obtainable from the Secretary, Civil Service 
AT BIRKBECK COLLEGE 


Commussion, Stormont, Belfast, should be returned 
The Senate invite applications for the Readership 


by September 2, 1959 
in Organic Chemistry tenable at Birkbeck College z 
(salary £1,475 to £1,775 to £2,150 a year plus £80 
London Allowance) 

Applications (10 copies) must be received not 
later than September 15, 1959 by the Academic 
Registrar, University of London, Senate House, | 
WC1, from whom further particulars may be 
obtained 


UNIVERSITY OF BIRMINGHAM 

CHAIR OF CHEMICAL ENGINEERING 

Applications are invited for the Chair of Chemical 
Engineering, together with the Headship of the 
Department of Chemical Engineering This post 
will be made vacant by the retirement of Professor 
F H Garner, OBE, on September 30th, 1960 

Applications (three copies), with ful! details of 
qualifications and experience, together with the 
names of three referees, should be sent, by October 
15th, 1959, to the Registrar, The University, 
Bumingham, 15, from whom further particulars 
may be obtamed 











GOVERNMENT OF NORTHERN 
IRELAND 








UNIVERSITY OF MALAYA 
(SINGAPORE DIVISION) 
Applications are invited for (A) Lectureship or 
(B) Assistant Lectureship in Pharmacology Salary 
scales For medically qualified candidates (A) 
* £1,295 by £49 to £1,442/£1,540 by £56 to £1988 per 
annum, (B) £1,148 by £49 to £1,246 per annum 
For non-medically qualified candidates (A) £1,148 
I 
i} 








by £49 to £1,442/£1,540 by £56 to £1,820 per 
annum, (B) £1,001 by £49 to £1,099 per annum, 
entry point determined by qualifications and 
experience Allowances expatriation m range 
£280-£308 per annum, cost of living 1n range £210- 
£560 per annum Passages for appointee, wife and 
children under 12 years Part-furnished quarters 
at reasonable rent Provident Fund Scheme 
Detailed applications (eight copies) naming 
three referees by September 30, 1959 to Secretary, 
Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, WC I, 
from whom further particulars may be obtained 








UNIVERSITY OF MELBOURNE 
SENIOR LECTURER IN CLINICAL 
BIOCHEMISTRY 

Applications are invited for the above position 
The Senior Lecturer’s duties will be chiefly with 
medical students and it 1s essential that he should 
be familar with modern methods in clinical 
biochemistry It 1s also desirable that he should 
hold medical qualification 

The salary range ıs £A2,100-£A2,500 per annum 
or, if medically qualified, £A2,200-£2,800 per 
anoum Commencing salary will be fixed according 
to qualifications Superannuation similar to 
FSS U 1n Great Britain will be provided 

It ıs desirable that the appointee should com- 
mence duty early in 1960, and preferably not later 
than March i 

Conditions of appointment may be obtained 
from the Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, 
London, W C1 

Applications close, ın Australia and London, on 
September 15, 1959 


UNIVERSITY OF SOUTHAMPTON, 
Zoology Department Research Assistant required 
from October 1, 1959 to investigate effects of 
chemical pollutants on marine organisms Good 
degree in biological science or physiology and some 
research experience essential Maximum salary £550 
according to qualifications 

Applications nct Jater than September 12 to the 
Registrar, University of Southampton, from whom 
further particulars can be obtatned 


LAMBETH HOSPITAL 
BROOK DRIVE, S E 11 

Physicist (Basic Grade) required, with University 
degree, for routine and development work in 
Hospital Physics Previous experience not essential 
Salary scale during probationary period £645 by 
£25 to £670 by £30 (2) to £730 per annum, plus 
London Weighting Allowance 

Applications stating age, qualifications, ex- 
perience and names of two referees to the Secretary 
of the above Hospital 





NIGERIAN COLLEGE OF ARTS 


Applications are invited for a Senior J ecturer 
or Lecturer in Mathematics 

Qualifications Good hons degree ard relevant 
teaching experience 

Contract Salary Scales Senior Lecturer Grade I 
£1,980-£2,178 per annum consolidated, Senior 
Lecturer Grade II £1,254-£1,584 per annum basic 
plus inducement addition of £180-£300 per annum 
for overseas appointeed, Lecturer £690—£1,529 basic 
plus inducement addition of of £180-£300 per 
annum for overseas appointees 

Al] plus gratuity at £25 or £37 10s for each 
completed three months’ residential service 
Appointment would be available in one of the above 
grades and entry pomt would be according to 
qualifications and experience 

Pensionable terms may be arranged at appro- 
priately lower salaries, or College will be prepared 
to take over and maintain employers’ contributions 
to former FSS U policies 

Partly furnished quarters at one-twelfth basic 
salary rental Tours 10-18 months but leave 
normally taken annually in long vacation Free 
Ist class passages Children’s U K maintenance 
grant up to £150 per annum and passages assistance 

Applications (six copies) giving age, qualifications, 
experience and names of three referees should be 
sent to the Council for Overseas Colleges, 12 
Lincoln Inn Fields, London, W C2, by August 

, 





UNIVERSITY COLLEGE OF THE 
WEST INDIES 


Applications are invited for Lectureship in 
Inorganic Chemistry Salary scale £1,150 by £50 
to £1,450 by £75 to £1,900 per annum Entry point 
determined by qualifications and experience Child 
allowance FSS U_ Unfurnished accommodation 
5 per cent basic salary Passages paid for up to 
five persons on appointment, normal termination 
and study leave (once every three years) 

Detailed applications (6 copies) naming 3 referees 
as soon as possible to Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn 
Square, London, W C 1 , from whom further par- 
ticulars may be obtained 
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APPOINTMENTS VACANT 





OPENINGS 
IN THE U.S.A. 


Old established American firm with 
laboratories ın urban and rural areas of the 
North Eastern U S invites applications from 

creative 


ENGINEERS & 
PHYSICISTS 


with at least three years’ experience in any 
of the following fields 
semi-conductors, transistors, microwave 
valves, receiving valves, video valves, 


cathode ray valves, power valves, etc 


Positions are in the fields of research, 
design, development and production engineer- 
1ng and are connected with a scientific project 
of a truly unique nature 


Top salaries and liberal employee benefits, 
pension plan, health insurance, etc The 
Company will pay relocation expenses of 
applicants and family Interviews will be 
held in Europe this summer 


Please send detatled resumé of background 
and experience to 


WELTON INTERNATIONAL 
CORPORATION 


Industrial Development Consultants 
210 Fifth Avenue, New York 10, N Y 


THE THERMAL SYNDICATE 
LIMITED 


requires men or women graduates for research and 
for the production development of pure refractory 
oxides and other high-temperature materials 

Senior and junior staff appointments are avail- 
able for 

1 Chemical Engineers, particularly with ex- 

perience of fluidization processes 

2 Chemists and Chemical Engmeers, to work 
on (a) silicon chemistry (b) the purification of 
solids and liquids, and (c) reactions in flames 
and arcs 
Refractories Technologists 
Physicists, Geologists and Mineralogists, 
interested in one or more of (a) optics, 
e microscopy, (c) X-ray methods, and 
d) physical testing 

Salaries are commensurate with qualifications and 
experience but will not be less than £700 per annum 
Staff bonus, non-contributory superannuation, and 
life assurance schemes are in operation 

Apply to the Research Manager, Thermal 
Syndicate Limited, PO Box No 6, Wallsend, 
Northumberland 


AU 





A REACTIVE NETWORK. DESIGNER 1s 
required Applicants should have had three to 
five years’ experience ın the design of filters and 
reactive networks for wide band carrier telephone 
systems or 1n some closely allied field and also an 
appropriate formal academic trainmg They must 
be fully conversant with the latest design methods 
including those applicable to crystal filters and able 
to take full responsibility for this section of the 
work of the Development Laboratories, including 
charge of the smal] group of men engaged on this 
wor 

Please write stating age and giving full details of 
experience and qualifications quoting reference 
D/2, to the Personnel Manager, Ericsson Tele- 
phones Limited, Beeston, Nottingham 





BIOCHEMIST OR PHARMACOLOGIST, 
preferably under 35 and with postgraduate experi- 
ence in University or Industrial research, to head 
small experienced team investigating toxicological 
properties of new agricultural and industrial chemi- 
cals, at Chesterford Park Research Station (Fisons 
Pest Control Limited) Saffron Walden, Essex 
This post offers excellent chances of interesting and 
responsible scientific studies, under very good con- 
ditions Starting salary of £1250 upwards de- 
pending on experience and qualifications —Appli- 
cations or requests for further information to 
Personnel Manager, Fisons Pest Control Limited, 
Harston, Cambridge (quoting Ref No 1487) 
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CHEMIST 


for GEC Applied Electronics Laboratories, 
PORTSMOUTH 

to take charge of a small group m a laboratory 

dealing with the application of materials, 

particularly plastics, to electronic equipment 


The problems handled by the department are 
varied and interestmg and should provide 
plenty of scope for a keen man 


Housing available for a suitable applicant 


Applicants should write ın the first instance 
giving details of qualifications, experience and 
salary required to the Personnel Officer, 
GEC _ Apphed Electrontcs Laboratories, 
Brown's Lane, Allesley, Coventry 





ILFORD LIMITED 
RESEARCH CHEMISTS 
Due to the conunuing expansion of their re- 
scarch interests, and to the opening of further new 
Research Laboratories at ford during the 
Summer of 1959, Ilford Limited wish to engage 
Graduate Chemists for work on the scientific and 
technological problems involved in photographic 
manufacture The work will be concerned with 
all aspects of the photographic process and cover 
all fields of chemistry including inorganic, organic, 
physical and colloid chemistry There are oppor- 
tunities both for those who wish to work on the 
basic science of photographic manufacture and for 
those who prefer to see the results of their work 
applied directly in production There are good 
prospects of further advancement both within the 
Research Laboratories and in other divisions of 
the Company 
Applications should be made to the Research 
Director Ilford Limited, Ilford, Essex 





THE BRITISH RUBBER PRODUCERS' RE- 
search Association invite applications from Physi- 
cists or Physical Chemists with research experience 
for a Fellowship tenable at the Research Labora- 
tory for the Physics and Chemistry of Solids at 
Cambridge University under Dr F P Bowden, 
CBE FRS The work will be concerned with 
the application of modern physical techniques, 
particularly high resolution electron microscopy, 
to the structure and properties of rubbers The 
stipend will be determined according to the quali- 
fications and experience of the successful candi- 
date in the range £800 to £1,000 per annum plus 
superannuation under FSSU Consideration 
would be given to appomting a Jess experienced 
candidate (a fresh honours graduate) to a Re- 
search Scholarship of value £600 per annum 
initially, plus fees with arrangements being made 
for proceeding to Ph D —Apply to the Director of 
Research, BRPRA 48-56 Tewin Road, 
Welwyn Garden City, Herts 


ATTRACTIVE SENIOR VACANCIES exist 
for Physicists or Physical Chemists m a Research 
Laboratory in the following fields (a) semi- 
conductors including vacuum techniques (b) thin 
film electrical resistors (c) electrical and magnetic 
ceramics Starting salaries will be determined 
according to expertence/qualifications within the 
range of £1,100 to £2,000 per annum Vv 
Planer Ltd , Windmill Road, Sunbury-on-Thames, 
Middlesex 


UNILEVER LIMITED 
Patents Department 


A vacancy exists in the Company's Patents 
Department in London for a Chemist 
Physicist or Engineer of degree standard 
Previous patent experience is desirable, but 
not essential 


The work will cover the very wide range 





of interests of the Unilever organization and 


will provide extensive experience in all 
aspects of British and foreign practice and 
the opportunity to qualify as a Patent 
Agent 

An attractive salary will be offered com- 
mensurate with qualifications and experience 

Write to the Head of Patents Department, 
Unilever Limited, Blackfriars, London, 
EC4 





ROCHE PRODUCTS LIMITED, WELWYN 
Garden City require a junior laboratory assistant 
in their Process Research Laboratory This ap- 
pointment should appcal to a girl or a boy who 
has just left or is about to leave school and offers 
opportunities to those having passed the advanced 
level of the General Certificate of Education in 
Chemistry or Physics The work will be of an 
analytical nature and the successful applicant will 
be trained in the modern analytical techniques of 
spectroscopy and chromatography —Replies in the 
first instance should be made to the Secretary 
Roche Products Limited, 15 Manchester Square 
London W1 


ENGLISH CLAYS LOVERING POCHIN & 
Co Ltd, Cornwall, require an Assistant Ceramic 
Chemist for work in the St Austell Laboratories 
—Applications should be made in confidence to 
the Research Director 


ENGINEERS are required to work on the 
development and ‘‘engineermg’” of wide band 
carrier telephone systems The work 1s concerned 
with preparing for production equipment which 1s 
1n the “bread board" stage and for ‘‘engineering”’, 
for specific customers’ requirements, systems 
which are already in the production stage 

An interest ın production, backed by a sound 
theoretical training, ts required and a basically 
practical outlook 1s essential 

The junior posts would suit young men just 
completing national service after apprenticeship, 
or equivalent training, but the senior posts demand 
some years in an appropriate field 

Please write stating age and giving full details of 
experience and qualifications, quoting reference 
D/3, to the Personnel Manager, Ericsson Tele- 
phones Limited, Beeston, Nottingham 

PHYSICIST TULLIS, RUSSELL AND CO 
Ltd, Paper Manufacturers, require a Physicist or 
Electrica! Engineer to undertake development work 
in dielectrics and allied fields Previous experi- 
ence of work in similar lines desirable but not 
essential Salary according to qualifications —Ap- 
plications, giving details of qualifications and ex- 
perience to the Secretary, Tullis, Russell and Co 
Ltd Markinch, Fife, Scotland 








W & T AVERY, LTD 


invite applications to join their team of 


DEVELOPMENT ENGINEERS 


The ideal applicant would preferably have 

a good university degree and some indus- 

trial experience, fitting him to co-operate 
on investigations of 


NEW ELECTRO-MECHANICAL 
PRODUCTS 


He should also be conversant with tech- 
niques employed in 


INSTRUMENTATION AND CONTROL 


Salary and prospects are attractive and a 
pension scheme is tn operation 


Please reply, giving details of age experi- 
ence and qualifications to Personnel 
Manager, W & T Avery Limited, Soho 
Foundry, Birmingham 


THE DISTILLERS COMPANY LIMITED 


SPECTROSCOPIST 


The Company wishes to appoint a further 
spectroscopist to the staff of its Central Re- 


search and Development Department 
Epsom, Surrey, he will apply absorption 
spectroscopy and mass spectrometry to the 
solution of problems arising 1n the prepara- 
tion and manufacture of chemicals, plastics 
and antibiotics 

Candidates, aged not over 30, should hold 
a good honours degree, or an equivalent 
qualification, postgraduate experience of 
spectroscopic work, either in industry or 
for a postgraduate degree, would be an ad- 
vantage 


Write 
STAFF MANAGER, 
THE DISTILLERS COMPANY LIMITED 
21 ST JAMES'S SQUARE, 
LONDON, SW 1 


Quote Ref 60/59 N 
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BIOCHEMIST 


Smith & Nephew Research Ltd invite 


applications from Biochemists to fill a 
vacancy in their Biochemical Laboratory 
The work forms part of an integrated pro- 
gramme im the field of Chemotherapy, 
including mvestigations into the metabolism 
of drugs, and studies on isolated enzyme 
systems 


Candidates should possess a First 
or Second Class Honours Degree in Bio- 
chemistry and preferably have one or two 
years' research experience, but applications 
from newly qualified graduates will also be 
considered Salary will be according to age, 
qualifications and experience The Com- 
pany's premises are in a country district 
25 miles north of London and conditions of 
employment are well in keeping with recog- 
mised levels and include a contributory 
pension scheme Write giving details of age, 
qualifications and previous experience to — 
Research Manager (Admunistration), Smith 
& Nephew Research Ltd , Hunsdon Labora- 
tortes, Ware, Herts 





MIDLAND SILICONES LIMITED requires aji 


GRADUATE CHEMIST aged 28-33 as HEAD 


of the Textiles and Resins Section im its Product | ' 


Development Group at Barry, Glam The work 1s | 
m a rapidly expanding department shortly to move 
to new laboratories It involves leading a team of 





PHYSZCIST 


The Co-operative Wholesale Society 
Limited has a vacancy for a qualified 
physicist of suitable experience in its 
Technical Research Department Man- 
chester 


The successful candidate will be required to 
work under the direction of the Section Head, 
on the development of new physical methods 


and instruments for the quabty control and 
research investigation. of a wide variety of 
products and processes 


Facilities include good holidays, canteen, and 
staff pension scheme Commencing salary 
according to qualifications and experience 


Applications, stating age, education ex- 
perience and qualifications, should be 
addressed to the CWS Limited, Central 
Labour Department, 1 Balloon Street, 
Manchester 4, endorsed ‘‘Physicist—Tech- 
nical Research Department" 








CHEMIST required to work in the Control 


chemists engaged on investigations and applied | Laboratory of Arthur Guinness Son & Co (Park 
research amed at developing new and improved | Royal) Ltd The essential minimum qualification 
Silicone resins and textile treatments Research ' for this appointment ıs a First or Second Class 
experience 1s essential either at University or in| Honours Degree with Chemistry as the principal 
industry This post will interest those who have Subject This appoirtment is open to both men and 
been undertaking research and who now wish! women. The salary paid to the successful candidate 


to obtain experience of leadership 

The Company opciates a non-contributory ' 
pension scheme and a house purchase scheme is | 
also 1n operation 

Please apply stating briefly age, qualifications 
and experience to the Staff Officer (Ref No 573), 
Albright and Wilson (Mfg) Limited (with whom 
Midland Silicones 1s associated), PO Box No 3, 
Oldbury, near Birmmgham i 


CHEMIST OR BIOCHEMIST A vacancy 
has arisen for a chemist or biochemist im the) 
Medical Radiobiology Department of the Atomic! 
Energy Division Applicants should have some 
experience in handling biological materials, radio- 
isotope and/or radiochemical experience would be 
advantageous Age preferably under 35 years 
PhD desirable, but not essential Salary 1n accor- 
dance with age and experience Apply Personnel 
Manager (JDA), The General Electric Company 
Limited, Erith, Kert 








WANTED Technicians for electronic develop- 
ment of test equipment Accommodation available 
to selected personnel LEC, Bognor Regis 


HIGH VOLTAGE 
RESEARCH 


Graduates in electrical engineermg or 
physics or holders of the H N C ın Electrical 
Engineering, are required for experimental 
research on high voltage problems in a high 
voltage research laboratory The work 
covers a wide rarge and includes the con- 
struction and use of impulse voltage and 
impulse current generators, high direct 
voltage generators, and electronic equipment 


Applicants shovld be able to carry out 
investigations without close supervision 


Previous works’ tramung and laboratory 
experience are desirable but not essential 


Applications quoting reference N 13 and 
giving relevant personal details, qualifications 
and experience should be sent to — 


Personnel Manager, Metropolitan-Vickers 
Electrical Co Ltd, Trafford Park, Man- 
Chester, 17 








will be according to age and experience Four 
weeks annual leave, five-day week, non-contribu- 
tory pension scheme  Applicattons should be made 
m writing to Personnel Manager, Park Royal 
Brewery, London, NW10 Ref PL/N 








GRADUATE CHEMIST interested in Physics 
and Chenustry required for research into the 
behaviour of paper during printing A new field of 
wor, on photogravure is being started | Experience 
of the printing industry would be an advantage 
but 1s not essential Salary m range £650-£1,150 
Superannuation Application forms from Secretary, 
The Printing, Packaging and Allied Trades 
Research Association, Randalls Road, Leather- 
head, Surrey Please quote GC/6/59 





LIBRARY ASSISTANT (FEMALE) WITH 
good knowledge of German required for Metal- 
lurgical Library in Slough, Bucks Duties include 
Abstracung of Technical Articles, Translations, 
general Library and Information work and Typing 
—Please apply, giving full details of experience to 
Box No 803, T G Scott and Son Ltd, 1 
Clement’s Inn, London, W C 2 





IMPERIAL CHEMICAL INDUSTRIES 
Limited Pharmaceuticals Division, has a vacancy 
on the established staff of the Alderley Park Re- 
search Laboratories in Cheshire for a male or 
female Laboratory Technician with experience in 
Histology up to the standard of the Diploma in 
Pathological Technique of the IMLT, the 
possession of which would be an advantage Ap- 
plicants for this appointment should preferably be 
below the age of thirty —Applications, with full 
particulars, should be addressed to the Staff 
Manager Imperial Chemical Industries Limited, 
Pharmaceuticals Davision, Fulshaw Hall 
Wilmslow, Cheshire 








HIGH DUTY ALLOYS LTD, RESEARCH 
Division, Slough, Bucks Physical Metallurgist or 
Physicist required for fundamental research on 
the phenomena associated with fatigue and creep 
of light alloys Candidates should have an 
honours degree and preferably some experience 
of university research, and be under 30 years of 
age The work will be in a modern and very well 
equipped laboratory, and encouragement ts given 
for the publication of results A generous salary, 
depending on qualifications and experience is 
available, and there 1s also a Pension Scheme in 
operation —Please write, giving full details to the 
Staff Manager, address as above 


LARGE CONTINENTAL PHARMACEUTI- 
CAL COMPANY requires the services of a well 
qualified scientist in the medical or pharmacological 
field to fill an xmportant post in the sphere of mter- 
national research The holder would be required 
to travel extensively, maintamung contact with 
research centres and attending medical congresses 
ın connection with new drug development The 
successful candidate would live on the continent 
and a knowledge of the French language would be 
desirable The situation will be amply remunerated 

Curriculum vitae should be sent w'th applications 
to Box No 804, T G_ Scott and Son, Ltd, 1 
Clement’s Inn, London, W C 2 





GRANTS & SCHOLARSHIPS 
UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 


Applications are 1mnvited from members of the 
University and teachers in Schools of the University 
for grants from the Central Research Fund to 
assist specific projects of research and for the 
provision of special materials and apparatus 
Grants are not made for normal maintenance 
Applications must next be received not later than 
3Ist August Forms of application and further 
particulars may be obtained from the Secretary to 
the Central Research Funds Committee, University 
of London, Senate House, London, W C 1 





IMPERIAL COLLEGE OF 


SCIENCE AND TECHNOLOGY 
SOLID STATE RESEARCH 


A few research bursaries exist for Physicists, 
Chemists or Metallurgists with good honours 
degrees for higher degree work on (a) deformation 
characteristics of ceramics (b) properties of oxide 
films (c) structure of liquid alloys (d) transmission 
electron microscopy Minimum value £400 per 
annum plus fees 

Applications to Professor J G Ball, Metallurgy 
Department, Imperial College, London, S W 7 








RESEARCH STUDENTSHIPS 
OVERSEAS CIVIL SERVICE 
STORED PRODUCTS ENTOMOLOGY 


It 1s proposed to award two Colonial Research 
Studentships during 1959 to provide traiming for 
research into the post-harvest problems of storage 
of produce in Colonial territories 

The award of a studentship carries with it an 
obligation to work for at least three years in 
Colonial territories on completion of the training 
period of about 15 months, if required to do so, 
and provided a suitable post 1s available 

Tax free mamtenance allowances of £420 per 
annum with allowances not exceeding £145 per 
annum for wife, £50 first child and £30 each suc- 
ceeding child are payable during training Sub- 
sequent appointment may be to either the Research 
or Agricultural Branch of the Overseas Civil 
Service 

Candidates, with a good Honours degree in 
biological subjects, are invited to write to the 
Director of Recruitment, Colonial Office, London, 
S W 1, for the necessary application form quoting 
BCD356/236/01 





|. | MISCELLANEOUS 


HUMANISM—A MODERN OUTLOOK — 
Write Ethical Union, 13 Prince of Wales 
Terrace, W 8 





MURDOCH TRUST 


For the BENEFIT of INDIGENT BACHELORS 
4nd WIDOWERS of good character, over 55 years 
of age, who have done * something ” in the way 
of promoting or helping some branch of Science 

Donations or pensions may be granted to 
persons who comply with these conditions 

For particulars, apply to MESSRS SHEP- 
HERD & WEDDERBURN, WS 16 Charlotte 
Square, Edinburgh, 2 


TRADE ANNOUNCEMENTS 


SILICA CONES AND SOCKETS, SILICA 
tubing, polished silica discs and glazed sheet ex 
stock, from Jencons (Scientific) Ltd , Mark Road, 
Hemel Hempstead, Hertfordshire Boxmoor 4641 


SLSS, Ltd 
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LETTERS TO THE EDITORS 


PHYSIOLOGY 


An Exteroceptive Block to Pregnancy in 
the Mouse 


EXPERIMENTS on the effect of certam oral 
progestogens durmg early pregnancy, m continuation 
of previous observations! on non-pregnant animals, 
mvolved placing a recently mated female receiving 
oral progestogen with a strange male In a number of 
the mice the procedure resulted m failure of pregnancy 
from the first mating and a new mating withm 3-6 
days Control experiments showed that the same 
effect was produced by dosage with mert material 
or even without any treatment other than the intro- 
duction of a strange male at 24 hr afte: mating 
20 out of 49 females behaved in this way, a far 
greater proportion than could be attributed to the 
expected meidence of anovular cycles Only about 
8 per cent of young females, as used, return to 
estrus within 4-5 days if removed from the male 
after their first matmg, or copulate again at this time 
if they are left with the male Moreover, among the 
suspect females there was a failure of the pseudo- 
pregnancy which might have been due to poor stud 
males Experiments were therefore undeitaken to 
explore this effect 

Two test situations were devised Situation 4 was 
as already mentioned, that 1s, the recently mated 
female was paired with a strange partner 24 hr after 
copulation with the stud male Situation B was one 
of proximity without contact, the female bemg 
housed in a small cage inside a stock box contammg 
other mice which could climb about the cage but 
not enter ıb 

The stud males and all the females were albinos 
The test males were either albmo or wild-type 
Young virgm females were mated m pairs with a 
stud male, the females were removed from the male 
when the vaginal plug was found and housed together 
overnight 24 hr later they were presented with the 
test situation The females were generally left in the 
test situation for 7-10 days, and they were then 
removed to normal mouse boxes The pregnant 
females were isolated before parturition, and females 
which became pseudopregnant or m which the 
pregnancy had been blocked recerved a fertility test 
with a stud male The few females which proved to 
be infertile were excluded ^ Daily vaginal “smears 
were examined 

The results of these investigations aie briefly 
summarized m Table 1 

Pregnancy was blocked and implantation mhibited 
in nearly 30 per cent of females by the mtroduction 
of a strange male withm 24 hr of cortus, it was so 
blocked even by the presence of a castrated male 
Pregnancy was not affected by the return of the 
female to her orignal stud male or by the presence 
of a strange female, whether parous or ovariectomized 
Contact between the sexes was not necessary for this 
effect Pregnancy was also blocked when the female 
was caged inside the male stock box Among parous 
females, pregnancy was less readily blocked than 
among non-parous by contact with a strange male, 


Table 1 PREGNANCY BLOCK IN THE MOUSE 
The females were separated from stud males on findmg vaginal plug, 
and housed together until presented with the test situation 24 hr later 











Females having blocked 
Test situation pregnancies 
Proportion Per cent 
4 Housed with 
Strange normal male (albino) 19/69 28 
Strange wild-type male 25/85 71 
Castrated male (albıno) 13/50 26 
Another female (parous or 
ovariectomized) 0/48 = 
i Original stud male 0/32 — 
| B Proximity without contact 
that 13, 1n cage inside stock 
box containing 
Albino males 8/32 25 
Wild-type males 52/68 76 
Females 0/49 — 











but apparently broke down as easily when the female 
was housed mside the male stock box This suggests 
that the latter situation supplies a stronger stimulus 

In both test srtuations the superiority of the wild- 
type males over the albinos as pregnancy blocking 
agents was highly sigmficant The reason for this 
difference 1s not understood, and as yet male mice of 
other strains have not been tried Two different 
strams of females, one albmo and the other pink-eyed 
champagne, were tested 1n small numbers 1n situation 
B Both exhibited pregnancy block m similar pro- 
portions to those found for the origmal mice 

The use of the genetically marked wild-type test 
males showed that superfcetation did not occur Of 
35 females, 15 mated with the test male All 15 gave 
birth to black-eyed young only (123 young) This 
includes one female m which cortus with the test 
male took place withm a few hours of mtroduction, 
her htter of 8 black-eyed young bemg born 19 days 
later, 20 days after findmg the vagmal plug from 
the stud albmo male 

No mutual reaction between females as regards 
pregnancy block was indicated either when the test 
situation mvolved other females or when the mated 
females were themselves placed smgly, m pairs, or 
in threes m the test situation It 1s well established, 
however, that females exert a powerful effect upon 
one anothei ın terms of the cestrous cycle? and the 
ineidence of mammary cancer?, and that the presence 
of a male tends to synchronize the cycle of non- 
pregnant females‘ 

Further experiments designed to throw light on the 
mechanism involved im this pregnancy block of ex- 
teroceptive origin are m progress The pituitary and 
the hypothalamus are probably both impheated 

Hupa M Bruce 
Division of Experimental Biology, 
National Institute for Medical Research, 
Mall Hall, 
London, NW 7 
June 18 


1 Bruce, H M, Studws on Fertility, 10, 158 (1958) 

? Lee, S van der, and Boot, L M , Acta Physiol Pharm Neerl , 4, 
480 (1955), 5, 213 (1956) Whitten, W K ,J Endocrinol , 14, 
160 (1956), Nature, 180, 1436 (1957), J Endocrinol , 17, 307 
(1958) Dewar, A D , wed , 18, 186 (1959) 

3 Mühlboek, O , J Endocrinol , 17, vi1 (1958) 

1 Whitten, W K,J Endocrinol , 18, 399 (1956) 
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Retinal Responses of Pink Salmon 
associated with its Downstream 
Migration 


THE seaward migration of juvenile Pacific salmon 
is usually nocturnal and confined to a relatively brief 
portion of the mght! It has been suggested that 
“as the hght mtensity falls rheotactic responses, 
which are to a large degree dependent on vision, fail, 
and these fish pass down stream in shoals The 
fact that such mass movements occur during a rather 
precise period of the night 1s probably due to the 
dark adaptation of the eye and a period of mght 
blindness’? In support of this view, a iecent 
lustophysiological examination of the retine from 
several species of Oncorhynchus has shown an meom- 
pletely dark-adapted condition of the retme at the 
time of most active downstream migration? As a 
further test of this hypothesis, the retinz from fish 
killed at different hght intensities durmg the evening 
and early mornmg have been compared with the 
reti from fish which were completely adapted to 
the same light intensities m the laboratory The 
pink salmon fry (Oncorhynchus gorbuscha), probably 
the most specialized of the downstream migrant 
salmon}, was selected for the study 

Migrant pmk salmon were collected from a trap 
in Jones Creek, British Columbia, and brought into 
a dark room of the laboratory Groups of five fish 
were exposed for 90 min to each of seven light 
intensities. ranging evenly from 10? to 10-4 ft -candle 
The period of exposure was sufficient to brmg about 
a complete adaptation? Fish captured in the same 
place and m like manner were placed in glass aquaria 
which were located m an exposed position in the 
river where the fish had been migrating The bottoms 
of the aquaria were covered with sand and gravel 
From these aquaria, fish were sampled at seven times 
when the incident light mtensity reached the same 
values used in the laboratory This was done both 
at twihght and at dawn Light mtensities of 10-! ft - 
candle and greater were measured with ‘Photovolt’ 
model 200 photometer and light intensities below 
this value with ‘Photovolt’ model 520-M electronic 
photometer 

The eyes of teleost fish adapt themselves to 
altered hght conditions by pronounced changes in 
the distribution of the retinal epithelial pigment and 
the position of the rods and cones When the light 
intensity falls below threshold values the retinal 
pigment concentrates and the rods and cones migrate 
due to the contraction and expansion, respectively, 
of ther myoids These movements are in direct 
proportion to the logarithm of the hght intensity 
Thus in bright light, the rods are shielded by the 
pigment and the cones placed directly ın the path of 
light, whereas m low light imtensities and darkness, 
the rods are brought directly in the path of hght and 
the cones migrate closer to the concentrated pigment 
These processes can be followed by measuring the 
thickness of the pigment and cone layers The cones 
are more obviously delimited for this purpose than 
the rods The histological techniques and methods 
of measuring retinal changes have been described*4 
The values presented here are means for 50 measure- 
ments made from 10 eyes in each case 

Fig 1 shows that both pigment and cone layers of 
the pmk salmon retina are in a semi-adapted state 
durmg the periods when the light mtensity 1s rapidly 
changing in the óvenmg and in the morning The 
difference between the fully adapted laboratory 
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Fig 1  Thicknesses of the pigment and cone layers of pink 

salmon retine when fully adapted to a series of light intensities 

in the laboratory and at the same intensities under conditions of 
rapidly changing morning and evening light ın the field 


picture and the semr-adapted state ın Nature 1s less 
at dawn than in the evening This is ın accord with 
an earlier demonstration that light adaptation 1s 
more rapid than dark adaptation in this species! 
Under natural conditions, in the evening, both pig- 
ment and cones are in a fully adapted state at 
intensities above 1 ft-candle However, between 
this level (the cone threshold) and 10-? ft -candle the 
retine of animals fixed m the field are not as com- 
pletely adapted as those ın the laboratory At 
10-1 ft -candle adaptation 1s the same in both groups 
It requires about 45 min (Fig 1) for the light inten- 
sity to fall fiom 1 to 10-4 ft -candle Al‘ has shown 
that retinal adaptation commences below 1 ft -candle 
and requires about 45 mun to reach a maximum 
Thus, the changes 1n the field are 1n accord with the 
laboratory findings With mereasing hght, retinal 
changes are evident at imtenstties above 10-? ft- 
candle and adaptation is essentially complete at 
l ft -candle The rapidity of lght adaptation! 
would seem to account for the small differences found 
in the fish sampled at dawn Actually, the changes 
m hght imtensity in Nature are somewhat more 
rapid at dawn than at dusk (Fig 1) 

These findmgs are ın accord with the theory that 
migration of pink salmon 1s initiated when the retina 
is only partially adapted to the decreasing illum- 
mation At Jones Creek, where these observations 
were made, 16 was found that 80 per cent of the pmk 
migrants entered the trap between 7 pm and 9pm 
(Pacific standard time) on the nights of the study 
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During this period the light intensity decreased below 
1 ft -candle and reached 10-4 ft -candle It ıs not to 
be expected that all the fish will be affected at the 
same time smoe there are shaded and exposed areas 
m every stream These observations, however, 
support well the theory that, whether the pmk salmon 
18 transported or actively swims downstream}, its 
nocturnal movement will be initiated when visual 
contact with its environment 18 reduced or mmpaired 
This will be associated with the rather specialized 
behaviour of rising to the surface of the water at low 
light intensities! 


M A At 
W S Hoar 


Department of Zoology, 
University of British Columbia, 
Vancouver 
March 16 


1 Hoar, W S,J Fish Res Bd Canada, 15, 391 (1958) 

2? Hoar, W S, Bool Rev , 28, 487 (1953) 

3? Brett, J R ‚and Ah, M A ,J Fish Res Bd Canada, 15, 815 (1958) 
*Ah, M A, Ph D thesis, Univ British Columbia (1958) 

5Neave, F, J Frish Res Bd Canada, 19, 369 (1955) 


Deoxyribonucleic Acid Formation in 
Multiplying HeLa Cells 


Wane studymg the behaviour of parasyn- 
chronously dividing HeLa cells (Gey), Newton and 
Wildy! have measured the amount of deoxyribo- 
nucleic acid as a function of the time-interval between 
one division and the next Their results suggest that 
the synthesis of deoxyribonucleic acid occurs during 
two periods in interphase one soon after and one 
just before cell division Between these periods, m 
mid mterphase, there exists an mterval durmg which 
the amount of deoxyribonucleic acid (DNA) in the 
cell remains approximately constant (Fig 1, curve a) 

Partial confirmation of this result, usmg a micro- 
spectrophotometric technique, has been obtained in a 
further series of expermments made with randomly 
dividing cultures  Replieate cultures of HeLa cells 
were grown on cover-glasses held ın 10-ml hard glass 
screw-capped bottles These were made by :mtro- 
ducing mto each bottle 1 0 ml Gey’s saline contamıng 
20 per cent human serum, 0 5 per cent lactalbumin 
hydrolysate (Nutritional Biochemicals Inc), 100 
units/ml penicillin, 100 mgm /ml streptomycm and 
0 002 per cent phenol red in which were suspended 
250,000 separated cells After mcubating at 37? C 
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for 36 hr the cultures were fixed 1n methanol, stained 
by the Feulgen technique and the amount of chromo- 
phore per cell was measured for 70 cells (from two 
different cultures) by the two wave-length tech- 
mique?,’, using the microspectrophotometer made by 
M L Mendelsohn‘ m the Department of Radiothera- 
peutics, Cambridge From these measurements a 
histogram has been constructed which shows the 
distribution of the chromophore, and hence the rela- 
tive amounts of deoxyribonucleic acid, among the 
individual cells of the culture (Fig 2) 

Walker’ has shown how the synthesis curve for 
deoxyribonucleic acid may, with certain restrictions, 
be constructed from such a histogram It 1s believed 
that the cultures used for the estimation satisfied 
these conditions Fig 1, curve b, has therefore been 
constructed fiom the histogram of Fig 2 

Comparing the curves in Fig 1, ıt will be seen that 
whereas 16 1s not possible to tell from Fig 1b whether 
the early formation of deoxyribonucleic acid shown 
in Fig 1, curve a, occurs, there 1s certainly a rapid 
synthesis beginning about 5 hr before cell division 
and continumg up to a comparatively short time 
before cell division 

The late period of formation of deoxyribonucleic 
acid agrees with the findings of Walker and Yates’ 
using other kinds of cells and with those of Pamter 
and Drew’ usmg tritiated thymidine on cultures of 
growing HeLa cells 

It 1s, however, difficult to explain the failure to 
detect the earlier rise m deoxyribonucleic acid which 
was found with parasynchronously dividing cultures, 
though the followmg two explanations should be 
considered (1) that the present method ıs madequate 
for demonstrating such a rise, (2) that the early rise 
is characteristic only of parasynchronously dividing 
cells The latter explanation is thought to be more 
likely because 1n such cultures the early rise 1n deoxy- 
ribonucleic acid has never been observed before the 
first cell division has occurred 

A limit to the end of the synthesis period has been 
obtamed by exammuing autoradiographs of cultures 
growing ın the presence of tritiated thymidine After 
36 hr growth, tritiated  thymudme (Schwarz 
3 0 c/mM ) was added to the medium to give a 
concentration of 1 uc /ml and, 30 min later, the 
culture was fixed m methanol The cells were after- 
wards stamed with gallocyanin and autoradiographs 
were prepared In these, although mterphase cells 
were well labelled, examination of several hundred 
cells m all stages of mitosis showed that none of them 
was labelled From this ıt can be deduced that 
synthesis of deoxyribonucleic acid ends at least 
I-1i hr before the commencement of mitosis, since 
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the cells were m the thymidme for à hr and the 
duration of mitosis 1s about 35 min 
C L Smu 
Department of Radiotherapeutics 
A A NEWTON 
Department of Pathology, 
University of Cambridge 
P Winpy 
Public Health Laboratory, 
Cambridge June 2 
*Newton, A A, and Wildy, P , Hap Cell Res , 16, 624 (1959) 
? Patau, K , Chromosoma, 5, 341 (1952) 
* Ornstein, L , Lab Invest, 1, 250 (1952) 
‘Mendelsohn, M L, PhD thesis, Cambridge University (1957) 
‘Walker, P M B,J Ezp Biol, 81,9 (1954) 
8 Walter, P M B, and Yates, Helen B , Proc Roy Soc , B, 40, 274 


"Pamter, R B , and Drew, R M, Lab Invest , 8, 278 (1959) 


Induction of Parthenocarpy in Rosa arvensis 
Huds. with Gibberellic Acid 


As has been previously reported!, parthenocarpy 
may be induced in the two non-apomictic species, 
E rugosa Thunb and R spwoswsuna L, by means 
of a-naphthaleneacetie acid, «-naphthaleneacetamide 
and 2 4 5-trichlorophenoxyacetic acid Similar 
experiments were carried out 1n an attempt to induce 
parthenocarpic development ın a third non-apomietic 
species, R arvensis 

The auxin was apphed in two ways to the unopened 
flower-bud, which was emasculated by cuttmg off the 
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Smee the development of rosaceous fruit after 
fertilization ıs characterized by increase m cell size 
rather than in cell number, the properties demon- 
strated for gibberellic acid suggested that ıt might 
be effective m mduemg parthenocarpic development 
In February 1958 parthenocarpic hips of R rugosa 
were produced in the greenhouse by the application 
of gibberellic acid and shortly afterwards simular 
results were recorded for R spinosissima! 

In June 1958, 200 flower buds on a bush of R 
arvensis were emasculated and 1 0 per cent gibberellic 
acid m lanolm was apphed Control groups of normal 
and emasculated buds were also selected, it had 
previously been shown that the application of lanolin 
alone produced no response Samples from each 
group were harvested at intervals for determmations 
of fresh and dry weight, and Fig 1 shows the develop- 
ment of the different groups of hips ın terms of 
average hip diameter and fresh weight 

The maim period of fruit-drop m R arvensis is 
3-5 weeks after flowering, 46 days after treatment 
with gibberellic acid 107 out of 150 bups were de- 
veloping parthenocarpically, which represented a 
fruit-set of 71 per cent compared with 45 per cent for 
the normal, fertilized hips under these field conditions 
None of the emasculated buds developed Of the 57 
parthenocarpie hips allowed to remam until maturity 
at 14 weeks after treatment, 48 had the appearance of 
normal, ripe hips while the other nme were smaller 
and not fully pigmented 

The Triticum coleoptile straight-growth test of 

Luckwill45 showed that normal 


15 20 hips appear to contam two acidic, 
growth-promoting substances hav- 

NORMAL ing Rp values of 0 1-0 2 and 0 4- 

O_O P 0 8 in ssopropanoljammonia[water, 

^ ET ï and a neutial, growth-promotmg 
£ "SN S substance with an Rp of 0-01 
8 / P cd P which 1s present m small quantities 
E i» Ba m the bud and flowering stages but 
g ^" 4 which could not be detected 17 
i / g days after flowering, o on sub- 
2 v s sequent assays None of these 
H d $ three substances was found in either 
z parthenocarpic hips or emasculated 

, EMASCULATED controls, but a neutral growth- 
substance (Ry = 0 4-0 6) was pres- 

5 E ent m the emasculated hips and an 

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 apparently identical substance was 
Time (weeks) Time (weeks) found ın the parthenocarpic hips A 

Fig 1 The growth in terms of average diameter and fresh weight of normal consistent growth-mhibrtory effect 
hips, O—O , emasculated. flower-buds x —x , and emasculated flower-buds treated was present m the tests, predom- 


with 1 0 per cent gibberellic acid ın anon, e— e 


‘disk’ (mcludmg the head of stigmas) immediately 
prior to treatment In early experiments aqueous 
solutions of the auxms mentioned above and imdole- 
acetic acid were injected into the cavity of the 
receptacle in concentrations rangmg from 2 to 25 
ppm In later work the auxm was applied to the cut 
surface as a lanolm paste in concentrations of 0 025-1 0 
per cent Since R arvensis differs from the other two 
species in having a much lower ascorbic acid content?3, 
additional mixtures, including ascorbic acid, were used 

Almost all these experiments produced negative 
results, the emasculated control hips usually surviving 
longer than those treated with auxm Out of a total 
of about 300 buds treated, only four showed any 
signs of growth , these had received the lowest con- 
centration of auxms m lanolm and two of them had 
had ascorbic acid 


inantly m the acid fraction and 

centred at Rr 08 m all stages 

of emasculated and  parthenocarpic 
hips 

The relationship between achene development and 

variations 1n the amount of growth regulators will be 


reported elsewhere 


normal, 


M V PROSSER 
G A D JACKSON 
Department of Botany, 
University College of North Wales, 
Bangor 
March 21 


1 Jackson, G A D ,and Prosser, M V ,109th Conference of the Society 
for Experimental Biology, April 1958 , and in the press 

? Melville, R , and Pyke, M , Proc Iann Soc Lond , 159, 5 (1947) 

B Ba oee) S E Y,PhD thesis, Umversity College of North Wales 
1 

* Luckwill, L C , Nature, 169, 375 (1952) 

5 Wright, S T C,J Hort Se , 31, 196 (1956) 
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Anti-A Hæmagglutinins from a Non- 
Leguminous Plant—Hyptis suaveolens Poit 


CERTAIN plants, chiefly them seeds, contam 
agglutmıns for the erythrocytes of various species 
Whereas most plant agglutmms make no individual 
distinctions among human erythrocytes, some act 
selectively on one or other of the followmg blood- 
group antigens! A, A,, B, H and N Except for 
separable anti-H and anti-B agglutinms from the 
seed capsule of certain species of Euonymus, of the 
farnily Celastraceae, all specific seed agglutinins have 
hitherto been obtamed from Legummosae! 

An anti-A agglutmm has now been found in the 
seeds of Hyptis suaveolens, Port, of the genus Labiatiae 
The agglutmun works best when a fresh seed extract 
18 tested on a flat tile which 1s gently and continuously 
rocked Although ıt ıs not very avid when tested 
with erythrocytes suspended in isotome salme solu- 
tion, ıt agglutmates A, and A,B cells strongly, A, 
weakly, and fails to agglutmate A,B cells Thus 
Hyptis suaveolens seed extract sharply differentiates 
A, and A,B erythrocytes from those of the weaker 
sub-groups of A and AB, however, ib 1s not as 
satisfactory for this purpose as Dolwhos biflorus seed 
extract®, which ıs far more avid 

The Hyptis suaveolens agglutinm acts as strongly 
at 37°C or 4°C as at room temperature It does 
not cross-react with B or O cells after 24 hr at 4°C 
or when erythrocytes are suspended m albumm, 
albumin, however, potentiates the agglutmation of 
A, and A,B cells Agglutmation is mhibited by 
A-secretor saliva and by AB serum A full description 
will be presented elsewhere 

The ‘new’ agglutinm 1s of special interest because 
1b 18 the first seed anti-A (anti-A,) agglutinm to be 
found outside the Legunynosae ‘The current trend 
is to confine the search for specific seed agglutmins 
to legummous plants, wide exammation of other 
plant famuhes might be profitable 

I am grateful to D S Das for collecting tho seeds 
and for technical assistance The seeds were 1dentified 
by the Botanical Survey of India, Poona 

G W G Bm» 


Armed Forces Medıcal College, 
Poona March 10 


1Krupe, M, ''Blutgruppenspezifische pflanzliche —Rüweisskbrper 
(Phytagglutinine)” (Stuttgart, 1956) 


‘Bird, G W G, Curr Ser, 20,298 (1951), Nature, 170, 674 (1952). 


Interaction of Erythrocytes and 
Endotoxins 


CONSIDERABLE diversity of opinion exists as to 
the sensitivity of hemagglutmation tests The dis- 
crepancy m results may to some extent be attributed 
to technical differences The factors influencing the 
reaction, the elution of endotoxin 4n vitro and the 
uptake by erythrocytes «n vwo have been examined 
using a dehydrated endotoxim derived from S typhı 
(£O-901) This powder consisted of 68 5 per cent 
ash, 7 8 per cent moisture, l 6 per cent protem, 
2 2 per cent lipids and, based on L-rhamnose hydrate 
as standard, 2 7 per cent rhamnose If the method 
of calculation described by Webster et al! 1s adopted 
the polysaccharide content 1s 14 3 per cent and the 
endotoxm approximately 20 per cent The powder 
was dissolved ın isotonic saline, heated to 56° C for 
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30 mm and stored at 4° C for at least 24 hr before 
use The solution had & shght buffer action, pH 7 2 
Erythrocytes from healthy rabbrts were washed and 
measured with the hematocrit A volume of 0 2 ml 
packed cells was used m most experiments 

Endotoxin was adsorbed on to the washed and 
measured erythrocytes at 37° C for 1 hr The 
cells were then washed three times m 6-8 volumes of 
isotonic saline and accurately made up to a 20 per 
cent suspension — Agglutmation was performed on 
slides, using 0 05 ml of sensrtized erythrocytes and 
an equal volume of a diluted standard T'O-serum 
The slide was agitated regularly and the test read 
after exactly 10 mm 

The amount of endotoxin adsorbed on erythrocytes 
was dependent on both the absolute quantity of 
endotoxin available and on its concentration The 
speed of the process was proportional to the concen- 
tration of endotoxin and related to the temperature, 
being five to sıx times faster at 37° C than at 4° C 

Erythrocytes coated with very small amounts of 
endotoxin were magglutinable m antiserum, whereas 
those with greater quantities of endotoxin agglutin- 
ated readily ‘This afforded the basis for the determ- 
mation of an ‘erythrocyte-agglutinatmg unit’, 
defined as the smallest amount of endotoxin, mcubated 
with 2 ml of 10 per cent erythrocytes for 1 hr 
at 37? C, which rendered the cells agglutinable in 
standard serum diluted 1 ın 10 One erythrocyte- 
agglutmatmg unit was found to be equivalent to 
0 16 mgm of the dehydrated powder Tho quantity 
of crude endotoxin adsorbed on erythrocytes m 
these circumstances was 0 12 mgm, thus removing 
75 per cent of endotoxm from the supernatant 
Assuming the crude powder contams 20 per cent 
endotoxin ıt appears that 0 2 ml of agglutinable 
packed cells under our experimental conditions must 
be coated with a minimum of 24 ugm of endotoxin 

Erythrocytes, mitially sensitized with sub-agglutm- 
able quantities of endotoxm, became agglutinable on 
subsequent exposure to endotoxim provided that the 
sum of the two doses constituted at least one erythro- 
cyte-agglutmatmg umt Thus the erythrocytes 
appear to bind the adsorbed endotoxin quite firmly 

Assuming that the endotoxm was not removed or 
rendered undetectable except by fixation to erythro- 
cytes, the reduction in endotoxin content as measured 
by determmation of the erythrocyte-agglutmating 
unit on the supernatant, will be a direct, quantitative 
expression of adsorption Experiments along these 
limes indicated that erythrocytes were capable of 
binding at least 200 times the mmimum amount 
required for agglutination under standard. conditions , 
that ıs to say 0 2 ml packed cells could adsorb more 
than 200 x 24 pgm or 48 mgm of endotoxin as 
calculated, corresponding to 22 per cent of them 
own weight 

Erythrocytes of the same batch, coated with 
amounts of endotoxm ranging from 1 to 200 erythro- 
cyte-agglutinatmg units, gave final agglutmation 
titres agamst the standard serum ranging from 1 10 
to 1 1,280 Hence, the titre of a given serum will 
vary according to the quantity of endotoxm adsorbed 
on to the cells This may explam, at least partially, 
the discrepancy and mconsistency im results obtained 
by hemagglutination tests , 1b could be overcome by 
rigorous standardization for which accurate measuie- 
ment of endotoxm 1s essential 

Elution of endotoxin at our experrmental conditions 
(pH 7 2-7 3) wasmmimal Erythrocytes coated with 
1 5 times mmimum agglutinating dose of endotoxin 
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were still agglutmable after 12 washings in saline at 
room temperature Thus, on the assumption that the 
stability of an erythrocyte suspension 1s unaffected 
by washing, 1t may be concluded that elution 1s of a 
low order Since this could not be measured m 
erythroeyte-agglutinating units, a technique for 
estimating smaller quantities of endotoxin m solution 
was provided by the construction of a dose-response 
graph m rabbits The maximum antibody response, 
as measured by bacterial agglutmation, was directly 
proportional to doses of crude endotoxin ranging 
from 0 01 ugm to 1 mgm Using the dose-response 
technique for endotoxin estimation, further studies 
on elution at room temperature showed that endotoxm 
was released, but that this did not amount to 1 per 
cent of the adsorbed endotoxm per equivalent volume 
of saline Whether the eluted endotoxin origmated 
from imtact or disintegrated erythrocytes has not 
as yet been established , but ıt 1s noteworthy that 
the washings caused shght hemolysis 

Sensitized, washed cells moculated mtravenously 
into non-1mmune rabbits were highly antigenic A 
single injection of a suitably adjusted erythrocyte 
suspension produced, m 7-10 days, agglutmation 
titres up to 1 100,000 The serum of a rabbit 
previously immunized by endotoxin produced hemag- 
glutination «n vitro against its own sensitized cells 
Hemolysis occurred on the addition of complement 
Intravenous moculation of 20 ml of 50 per cent 
suspension of these erythrocytes, which agglutmated 
wn vitro with the recipient’s serum, boosted the anti- 
body production The animals failed to produce an 
acute intravascular episode Nor was there conclustve 
evidence of a hemolytic process as measured by 
serum bilirubin estimations and Schumm’s test This 
tolerance of what is a serologically mcompatible 
transfusion 1s unexplained 

In vwo sensitization m rabbits was demonstrated 
by mtravenous injection of large doses of endotoxin 
The animals were bled 4 hr later and tho erythrocytes, 
washed six times in excess saline, were moculated 
intravenously mto non-rmmune rabbits They 
responded with a significant antibody production 
Which part the adsorption «n vwo plays in the defence 
against endotoxins has not as yet been established 

Details of these expermnents will be published 
elsewhere 

V BoxkENHEUSER 
H J Koornsor 
South African Institute for 
Medical Research, 
PO Box 1038, 
Johannesburg, South Africa 
March 23 


‘Webster, M E , Sagin, J F, Landy, M , and Johnson, A G , J 
Immunol, 74, 455 (1955) 


BIOCHEMISTRY 


Interaction of Sucrose Stearate with 
Starch 


Ir 1s generally agreed that changes in the starch 
component of flour are responsible for the stahng 
of bread! Following a report by Bohn? that the 
sucrose stearates are effective as anti-stahng agents, 
a study was made of the mteraction of starch with 
a commercial sample of sucrose stearate, kindly 
supplhned by F D Snell, Inc 
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Addition of a sucrose stearate solution to a 1 per 
cent solution of ‘AnalaR’ starch im 01 per cent 
sodium chloride resulted m the precipitation of some 
starch The maximum amount of precipitate (about 
20 per cent of the weight of starch) was obtamed 
with concentrations of sucrose stearate above 0 06 per 
cent 

Extension of the study to undegraded starches 
(Table 1) showed that the amount of precipitate 
depended upon the type of starch Fractionation of 
the potato starch into amylose and amylopectin’ 
followed by precipitation with excess sucrose stearate 
showed that most of the amylose but little of the 
amylopectim was precipitated (see Table 2) Treat- 
ment with excess sucrose stearate of an artificial 
mixture of amylose and amylopectin m the ratio m 
which they occur m starch gave a figure intermediate 
between that of the whole starch and that which 
would be expected on the basis of the separate 
amylose and amylopectin precrpitations These 
results mdicate that the amylopectin is precipitated 
more efficiently m the presence of amylose than m 1ts 
absence 








Table 1  PREOIPITATION OF STARCHES BY SUCROSE MONOSTEARATE 
Sucrose 
Polysaccharide | monostearate Preeipitate 
Type of starch | concentration jconcentration| (per cent of 
(per cent) (per cent) polysaccharide) 
‘AnalaR’ starch 10 01 216 
Potato starch 10 01 70 9 
Wheat starch 10 01 92 4 
Waxy maize 
starch 10 01 130 
bas 








Table 2 PRECIPITATION OF STARCH FRACTIONS BY SUCROSE MONO- 




















STEARATE 
Sucrose 
Type of starch | Polysaccharide | monostearate Preeipitate 
fraction concentration | concentration} (per cent of 
(per cent) (per cent) polysaccharide) 
Potato starch 04 0 04 727 
Potato amylose 04 0 04 79 9 
Potato amylo- 
pectin 04 0 04 111 
20 per cent 
amylose, 80 
per cent 
amylopectin 04 0 04 48 9 
L 


Controlled acid hydrolysis of potato starch showed 
that a high molecular weight was important im 
determming the amount of precipitate formed with 
sucrose stearate and it 1s likely that the low yield 
of precipitate from ‘AnalaR,’ starch could be attributed 
to this factor 

A study of the change 1n diameter of wheat starch 
granules on heating m aqueous suspension in the 
presence and absence of sucrose stearate showed that 
the rate of swelling was reduced m the presence of 
sucrose stearate From an examination of the change 
m turbidity on heating wheat starch suspensions 
(0 1 per cent), ıt appeared that in the presence of 
0 01 per cent sucrose stearate the gelatmuzation 
temperature is raised about 10 deg 

As sucrose stearate is firmly bound by starch, 
ib seemed likely that ıt would interfere with the 
starch/iodine reaction This was shown to be so, 
and that iodine and sucrose stearate compete for 
the amylose fraction There was no evidence for 
any marked interaction between sucrose stearate 
and amylopectm by this technique It ıs possible 
that the stearate chain of the sucrose stearate mole- 


No 4680 July ll, 1959 


cule occupies a position down the centre of an amylose 
helix, ın the same way that 10dme does! 

A complete account of this work will be published 
elsewhere 

We are grateful to the Sugar Research Foundation 
for financing these mvestigations 


E J BOURNE 
A I TEFN 
H WEIGEL 


Royal Holloway College, 
University of London, 
Englefield Green, 
Surrey 


T Radley, J A, “Starch and its Derivatives", 1, 225 (Chapman and 
Hall, 1953) 

* Bohn, R T , private communication to Sugar Research Foundation 
Ine , December 9, 1955 
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Influence of X-Rays on the Activity of 
Carbonic Anhydrase in Erythrocytes and on 
their Hemolytic Resistance 


SrwCE sickle cell anemia is possibly related to the 
activity of carbonic anhydrase}, ıt 1s of interest to 
find some way of mhibiing the enzyme without 
altering the resistance of the cell membrane Carbonic 
anhydrase 1s very stable* but its activity can easily 
be changed experimentally by adjustmg the pH. and 
temperature, or by addmg sulphonamides or certam 
inorganic 1ons All these factors, however, have a 
marked influence on hemolysis, whereas erythrocytes 
seem to be rather resistant to X-rays. We therefore 
decided to examine whether carbonic anhydrase could 
be mhibited by a dose of X-rays which would have 
httle or no effect on hemolysis 

For the determination of the enzyme activity we 
designed an mnproved Warburg technique This 
method ıs based upon measurmg the rate of evolution 
of carbon dioxide when a bicarbonate solution is 
treated with a buffer and the enzyme We calculated 
the unmolecular velocity constant of the reaction, 
which 1s also used as an index of activity by Mitchell, 
Pozzam and Fessenden The standard error of our 
measurements was 12 percentand forthenon-catalysed 
reaction 4 per cent As a measure of the hemolytic 
resistance we used the hemolytic index ths 15, 
m conventional experimental conditions®, the highest 
dilution of lysin which produces 100 per cent hemo- 
lysis withm 2 hr The standard error of our hemo- 
lytic indices was 2 5 per cent Suspensions of 107 
cellsfem? m physiological saline solution were 
uradiated in vessels of 2 cm?, dose 100,000 r, 
instrument Phiips ‘Compactix’, 210 kV, hvl = 
4mm of alumimum, dose-rate 6,700/min 

In nonarradiated blood we found the following 
carbonic anhydrase activities, calculated per cubic 
centimetre of full blood ox blood, 1 85 Mitchell 
umts, human blood, 14, chicken blood, 12 
Irradistions of four samples of ox blood, two samples 
of human blood and two samples of chicken blood 
had no effect on the activity Repeating this dose 
after 24 hr yielded no inhibition Solutions of 
purified enzyme (Schermg’s ‘Cartase’, 0 1 per cent), 
treated in the same way, showed an inactivation 
of 20 and 50 per cent respectively The fact that 
these high doses of X-rays do affect erythrocytes in 
other respects, was shown by ther hemolytic index 
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in our controls this was 13,300 with saponmum album 
(Merck), after irradiation, the index was increased. 
by 10 per cent and after the second dose of 100,000r 
the increase was 17 per cent 

Our experiments confirm the great stabihty of 
carbonic anhydrase, and mdicate that this stability 
is Still greater inside the red blood cell we found 
no decrease m activity of the carbonic anhydrase 
of erythrocytes after mradiation with 200,000r The 
hemolytic resistance of the cells was clearly dimun- 
ished by this dose, so that 16 1s possible that 1rradiation 
by X-rays will permit us to modify the structure of 
the cell-membrane without altermg its carbonic 
anhydrase activity 

We wish to thank Prof R Ruyssen for advice and 
encouragement and Prof Van Vaerenberg, who pro- 
vided the necessary X-ray equipment 

This work was subsidized by the Belgian Inter- 
universitair Instituut voor Kernwetenschappen 


A LAUWERS 
J VAN BAVINCHOVE 


Pharmaceutisch Instituut, 
W DrzgRICK 


Instituut voor Rontgen- en Curietherapie, 
University of Ghent, 
Belgium 
March 11 
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A Method for distinguishing between 2 1 
a- and P-Glycosides by the use of Plant) 7] 
Hemagglutinins (Lectins) 5 ud 


SEVERAL plant seeds contam protems that agglu- 
tmate red blood cellst® as do many antibodies 
For these protems the name ‘lectins’ has been 
suggested? They can be as specific as anımal anti- 
bodies in that they react only with erythrocytes of 
certam blood groups The ABO blood group specific 
lectins—as well as the ABO specific antibodies—are 
inhibited by some simple sugars, mamly components 
of blood gioup polysaccharides}34, Several ‘un- 
specific’ lectins are also mhibited by simple sugars, 
but these sugars are not necessarily components of 
blood group polysaccharides} The explanation of 
this phenomenon 1s that the sugars, the structure of 
which most closely resembles the specific (sugar) 
group of the red cell receptor, attach themselves to 
the active site(s) of the lectin molecule, thus blocking 
them 

A monosaccharide as a rule retains its mbhibitmg 
power even when linked to other sugars through the 
hydroxyl group of the first (m ketoses, the second) 
carbon atom*®, The type of hnk, whether « or 8B, 
seems to be significant In order to throw light on 
this problem, I made plant agglutinm mhibrtion tests 
by a method described m detail elsewhere® 

The following sugars were used m all experiments 
D-glucose, D-glucosamme, N-acetylglucosamine, D- 
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glucuronic acid, D-gluconic acid, D-xylose, D-mannose, 
D-fructose, L-sorbose, D-galactose, D-galactosamme, 
N-acetyl-p-galactosamme, p-fucose, L-arabmose, D- 
talose, ~-galactose, L-fucose, D-arabmose, D-ribose, 
p-digitoxose, L-rhamnose, maltose, sucrose, turanose, 
trehalose, cellobiose, gentiobiose, melibiose, raffinose, 
and lactose 

Seeds of Pisum satwum L , Cytisus sessufolvus L , 
Bandewaea swnplWola Benth, and Crotalaria 
juncea L were used The lectin solutions were pre- 
pared by mcubating a mixture of seed powder (1 part) 
and physiological saline (9 parts) for 2 hr at 37°C 
After centrifugation tho supernatant was used 
0 05 ml of seed extract contaimng 2—4 agglutmatng 
doses of lectm and 0 05 ml of sugar solution (pH 7 0) 
in saline were mixed, and after 30 mm meubation 
ab 20°C 0 05 ml of a suspension contaming 3 per 
cent human red cells m salme was added After 
2 hr further mcubation at 20°C the tubes were 
read for agglutmation The quantitative inhibiting 
power of the sugars was measured by preparing two- 
fold serial dilutions of them 

The results are shown in Tables 1 and 2 The 
figures give the final concentration of sugar Of the 
sugars tested (see above) only those which mhibit 
either Pisum satwum or Cytisus sessilfolus lectin 
at a concentration of 0 08 M are included in Table 1 
The Pisum lectin 1s strongly mhibited by D-glucose, 
D-mannose, D-fructose and weakly by L-sorbose 
The structural differences between the first three 
sugars are confined to carbon. atoms land 2 r-Sorbose 
differs from D-fructose only with regard to carbon 
atom 5, but its mbibiting activity 18 far lower 
p-Glucurome acid and p-glucomc acid are not 
inhibitory 


CHO CHO CH,OH CH,OH 
noon HO bo C—O 
HOUR noun HOUR HOUH 
udon ndon abor nubon 
ndon nton HCOH HOUH 
buon Uno bao baton 
p-Glucose p-Mannose ov-Fructose 1-Sorbose 


It will be seen from the second part of Table 1 
that o-glucosides mhibit agglutination by Pisum 
extract as effectively as D-glucose, while B-glucosides 
are not mhibitory Sucrose is not only an «-glucoside 
but a B-fructoside as well, however, the fructose 














Table 1 
Minimum amount of sugar 
(m moles/1) inhibiting the 
action o 
Sugar Pisum Cytisus 
satwum sessWfolus 
lectin lectin 
J 

Dp-Glucose 125 >80 
D-Glucosamıne 5 >80 

N-Acetyl-D- 
glucosamine 25 >80 
D-Mannose 06 >80 
D-Fructose 25 >80 
L-Sorbose 40 >80 
(Lactose) >80 40 
f D 125 >80 
ucrose 25 80 
a-Glucosides 9 Turanose 06 S80 
TN 06 >80 
ellobiose >80 5 
B-Glucosides * Gentiobiose $80 40 
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Table 2 
Minimum amount of sugar 
(m moles/l) inhibiting the 
action of 
Bandewaea Crotalaria 
sumplrerfolia juncea, 
lectin Iectin 
D-Galactose 06 5 
p-Galactosamine 5 >80 
N-Acetyl-»- 
galaotosamine 04 
p-Fucose 25 20 
L-Arabinose 5 20 
p-Talose 20 
L-Rhamnose 40 >80 
a-Galactosides ET ti d $ 5 
B-Galactoside Lactose 20 125 
Oooo o o ———MM——————————— 





part ıs not probably responsible for the mhibition, 
since another Q-fructoside, raffinose, has no effect on 
Prsum lect An agglutination by Cytisus extract, 
on the other hand, ıs mhibited by p-glucosides but 
not by a-glucosides The failure of glucose itself to 
inhibit the Cytisus lectin 1s difficult to explain unless 
1t 1s due to the hexose molecule bemg too small 

It seems possible, on the basis of the above results, 
to ascertain the type of the glycosidic link (« or B) 
of p-glucose, perhaps also of glucosamme, acetyl- 
glucosamine, D-mannose, m disaccharides and other 
oligosaccharides the structure of which is only 
partially known 

There are other lectms (Bandewaea swnplhwwfoha. 
and Crotalaria juncea) by means of which ıt seems 
possible to obtam information of the type of the 
p-galactosidic (and perhaps p-fucosidic, L-arabmo- 
sidic, ete ) Imk, even though the differences between 
æ- and f-galactosides are less definite (Table 2) than 
differences between «- and p-glucosides (Table 1) 
Unfortunately the number of galactosides tested 1s 
small 

If need be, the determmations can be made with 
0 01-1 mgm of sugar, and the solution need not be 
pure, many ammo-acids and other sugars, for ex- 
ample, do not interfere There are other methods 
of studying the nature of the glycosidic link, but the 
amount of sugar needed for enzymatic or polarimetric 
studies 18 greater The information obtained by 
chromatographic or mfra-red spectrographic studies 
is limited unless an adequate stock of reference 
compounds is available 

Of the seeds quoted above only those of Bandewaea. 
sımpherfoha may be difficult to get The rest are 
obtainable from many seed shops, and can even be 
replaced by other related species? The Bandewaea 
lectin 1s blood group B specific—at can be used with 
B erythrocytes only, and Cytisus lectin 1s O(H) 
specific—it should be used with O cells The other 
lectins can be used with red cells of any blood group 

The abilty of lectins to differentiate between. 
a- and f-glycosides supports J Lederberg’s (personal 
communication) suggestion that there 1s some con- 
nexion between them and plant glycosidases Lectins 
are not, however, likely to be true glucosidases because 
(a) they are present in ungermmated seeds and their 
amount does not increase appreciably after germina- 
tion’, (b) there is no correlation m occurrence be- 
tween lectins and glycosidases m plant species®, and 
(c) several purified lectin preparations have been 
found not to hydrolyse the disaccharides which 
mlubit agglutination? 

The monosaccharide specificity of lectins seems to 
be less defimte than that of glycomdases, though 
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glycosidases are not strictly specific, the members 
of a certain homomorphous sugar series (sugars with 
an identical pyranose or furanose ring) behave more 
or less alike as substrates of glycosidases®, but many 
lectins are inhibited by members of two homo- 
moiphous series These series can differ with regard 
to the substituents of carbon atom 2 Thus Pisum 
lectin ıs inhibited by p-glucose and D-mannose, 
Bondewaea lectm by D-galactose, p-fucose, L-arabmose 
and p-talose (see above), and Lotus tetragonolobus 
lectin by r-galactose, r-fucose, D-arabmose and 6- 
deoxy-n-talose* The substituents m carbon atoms 3 
and 4 seem to be of the greatest umportance to the 
capacity of monosaccharides to mhuibrt lectins, a view 
which was expressed six years ago by Morgan and 
Watkins! with regard to Lotus tetragonolobus lectin 

I wish to thank Mr E R Vaughan, curator, 
Botanical Garden, University College of Ghana, who 
kindly sent me several samples of JBandewaea 
semplrerfola seeds 

O MAKELA 
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University of Helsmkı 
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Reactivity and Interrelationship of 
Intermediates in the Hydrolysis of p-Nitro- 
phenyl Acetate Catalysed by Chymotrypsin 

Kinetic studies by Gutfreund and Sturtevant? 


suggest that p-nitrophenyl acetate reacts with 
chymotrypsin rapidly at a pH greater than 6 5 to 


p-Nitrophenol liberated (M x 1051-1) 


0 32 64 96 128 160 192 224 256 
‘Time (sec ) 
Fig 1 The liberation of p-nitrophenol in the catalytic hydrolysis of p-nitro- 


phenyl acetate by a-chymotrypsin and monoacetyl-a-chymotrypsin preparations 
in íri-(hydroxymethyl)-bamimmomethane-maleate buffer, pH 80 
[E] = 21x 1075 M [S]; 217 x 10 M 
Curve 1, chymotrypsin preacetylated for 10 min with 100 equivalents of p-nitro- 
phenyl acetate at pH. 5 0 and 15 6°C and then mixed with buffer at zero time 
to bring the pH to 8 0, curve 2, isolated monoacetyl-a-chymotrypsin (ref 4) 
(AC-A), curve 3, à calculated curve for the catalysis of p-nitrophenyl acetate 
by a monoacetyl enzyme which ıs deacylated with a rate of 1 7 x 10-* sec? 


at 15 6°C 


Total ionic strength 012M, 
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form monoacetyl chymotrypsm (AC-I) and that 
AC I ıs then deacylated slowly The kmetic observ- 
ations are consistent with the ester :fication of a single 
serme hydroxyl of the enzyme? In contrast, spectro- 
scopic studies? of the deacylation of monoacebyl 
chymotrypsin formed at pH 5 0 and isolated according 
to the procedure of Balls and Wood‘, (40-4), show: 
that when AC—A is brought to pH 9 0, a rapid 
increase in absorption at 245 my occurs which is 
followed by slow decay of the absorption peak Since 
both the absorption peak and its rate of decay 
appeared characteristic for N-acetyl mudazole, Dixon 
and Neurath? suggested that the deacylation of 
monoacetyl chymotrypsm proceeds by a rapid 
intramolecular shift of the acetyl group from a serine 
oxygen to an imidazole nitrogen of the enzyme 
(AC-II), and that the rate-lmitmg step of the 
enzymatic reaction 1s the base-catalysed hydrolysis 
of N-acetyl umidazole Recently, however, we have 
observed’ that AC-I and AC-A aro deacylated at 
different rates as measured by the liberation of 
p-nitrophenol from p-nitrophenyl acetate catalysed 
by AC-I and AC-A, and that AC-I ıs converted to 
AC-A under the conditions used in the isolation 
procedure* 

The result of investigations reported below further 
delmeate the differences between AC—A and AC I, 
and suggest an mterielationship between ACA, 
AC-I and AC-II as well as a structure for ACA 
The expermments illustrated m Fig 1 mdicate that 
AC-A (salt-free «-chymotrypsm, recrystallized three 
times, gift of the Sigma Chemical Co, St Louis, 
Missouri) cannot be deacylated via a smgle inter- 
mediate which decomposes with a smgle rate- 
constant identical with the rate of decay (1 7 x 10-3 
sec -1)® of the 245-mp absorption peak Curve 1 
represents a-chymotrypsin pre-acetylated for 10 mm 
at pH 50 with 100 equivalents of p-nitrophenyl 
acetate and mixed at zero time with buffer such that 
the final pH was 8 0 Zero-order steady-state hbera- 
tion of p-nitrophenol 1s observed withm 15 sec The 
rate of deacylation (ks) of this enzyme (AC-I) 
calculated from the observed rate of liberation of 
p-nitrophenolis 1 6 x 10-?sec- at 15 6°C Curve 2 
represents an experiment m 
which AC-A was mrxed at 
zero tune with p-nitiophenyl 
acetate at pH 80 The rate of 
liberation of p-nitrophenol dur- 
mg the first 30 sec 1s only about 
70 per cent of the rate observed 
in curve 1 (AC-I), and essen- 
tially the same as AC-I after 
300 sec The deviation from 
zero-order kmetics observed 
during the first 300 sec of the 
reaction of AC-A with p- 
nitrophenyl acetate is inter- 
preted as imdicative of the 
rates of reactions involved in 
the conversion of AC—A to 
AC-I These reactions are 
presumably the deacylation of 
AC-A and its ieacylation at 
pH 80 to form AC-I How- 
ever, the rate of conversion 
of AC-A to AC-I is meom- 
patible with the complete de- 
acylation of AC-A via the 
N-acetyl umdazole imterme- 
diate (A4C—II), as can be seen 
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from curve 3 Curve 3 was calculated for a mono- 
acetyl enzyme which is deacylated at a rate chai- 
acteristic for N-acetyl ımıdazole (k = 17 x 10-3 
sec -! at pH 8 0) Since curves 2 and 3 are not 1den- 
tical one must assume from the spectroscopic studies 
that the deacylation reaction of AC—A can proceed 
via AC-II only partially if at all The rate between 
the first 15 and 30 sec of reaction 1n curve 2 1s about 
70 per cent of the final rate, m curve 3 only about 
2 per cent of the final rate It appears, therefore, 
that only about 30 per cent of AC—A can be deacylated 
via AC-II This ıs consistent with the observation 
that the absorption at 245 mp accompanymg the 
deacylation of AC—A corresponds to only about 
0 4 mole of N-acetyl-umdazole per mole of acetyl- 
enzyme 

The kmetic results appear consistent with two 
alternatives AC—A 1s either an equilibrium mixture 
of 70 per cent AC-I and 30 per cent of a form of 
monoacetyl-enzyme which is deacylated via AC-ID 
or AC-A ıs a single intermediate which under the 
conditions used for hydrolysis of p-nitrophenyl 
acetate gives rise to the two separate intermediates, 
AC-I and AC-IT 

To test which of these alternatives 18 correct, AC-I 
and AC—A were allowed to react with hydroxylamme* 
at pH 55 When the reaction was carried out m 
water both AC-I and AC—A reacted to form approxi- 
mately 1 mole of hydroxamate per mole of enzyme 
After both preparations were denatured for 2 mm 
in 8 M urea at pH 5 5 and 23°C the acetyl group of 
AC-I was completely unreactive toward hydroxyl- 
amme while that of AC—A was completely reactive 
Smee all the acetyl groups of AC—A were capable of 
formmg an hydroxamate under conditions which 
abolish the activity of AC—I, then ıt follows that none 
of the acetyl groups ın AC—A are present m tho same 
form as they are in AC-I The activity of AC-A 
toward hydroxylamme can be destroyed by denatur- 
ing for 10 mm at pH 5 5 and 23° © or for 2 mm 
at pH 3 0 and 23° C These facts are taken into 
account m proposing the structure for the active 
site of ACA 
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The active site of AC—A would be expected to react 
with hydroxylamme at pH 55 The results shown 
in Fig 2 mdicate that both AC-I and AC-—A are de- 
natured at the same rate by 8 M wea as judged by 
optical rotation studies Since the active site of AC—A 
is stabilized, not only by the total configuration of 
the molecule but also by a covalent and a hydrogen 
bond, ıt would be more resistant to treatment with 
urea Removal of the hydrogen bond by urea forms an 
&nionie intermediate which, at pH 5 5, leads to the 
formation of the O-acetyl derivative (AC-I), which 
is unreactive toward hydroxylamme in urea solution 
At pH 3 0, the rate of denaturation 1s faster than at 
pH 55 as shown m Fig 2, explammg why the 
reactivity of AC—A toward hydroxylamine ıs abolished 
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0 100 200 300 400 
Tıme (sec ) 


Fig 2 Change with tıme of the specific rotation of a-chymotrypsin 
(CT ) and isolated monoacetyl-a-chymotrypsin (ref 4) 
(AC-A A-A)1n8 M urea at 23° C 1n 0 05 M tris-(hydroxymethyl)- 
aminomethane-maleate buffer at pH 5 5 (curve 2), and 1n 0 05 M 
sodium citrate buffer at pH 3 O (curve 1) Opticalrotation was 
measured in a Rudolph photoelectric spectro-polarimeter 


after 2 min in 8 M urea at pH 30 Under basic 
conditions, such as those used for the kinetic experi- 
ments, AC—A would be expected to form both the 
O- and the N-acetyl derivatives AC-I and AC-IT, by 
nucleophilic attack at C, 

The proposed active site of AC—A explams the 
spectroscopic and kinetic results as well as the 
reactivity toward hydroxylamine 

AC-I 1s kmetically identical to the normal acetyl- 
enzyme at pH 7 0-9 0 Since no significant change in 
absorption at 245 mp accompanies the hydrolysis of 
AG-I®, there 1s no evidence for N-acetylamudazole 
as intermediate m the normal catalytic reaction 

This investigation was supported by grants from 
the US Pubhe Health Service and the National 
Science Foundation We are indebted to Dr Lyman 
C Craig, Rockefeller Institute, New York City, for 
the use of the Rudolph photoelectric spectro-polari- 
meter 

Mario A Marini* 
GrorcE P Hess 


Department of Biochemistry and Nutrition, 
Cornell University, 
Ithaca, New York 
March 30 
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Effect of Purine and Pyrimidine Analogues 
on Reversion of a Tryptophan-requiring 
Strain of Escherichia coli 


WE suggested recently that nucleic acid precursors, 
altered «n vwo by ultra-violet hght, are mvolved as 
chemical intermediates ın the induction of mutation? 
We have since reported that, in the absence of an 
adequate source of nitrogen, an 1mmediate and rapid 
decline m the frequency of mutations induced by 
ultra-violet light occurs (‘mutation frequency 
decline’)? We demonstrated that the prevention of 
this dechne depends on the availability mmediately 
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following exposure to radiation of a supply of amino- 
acids, and suggested that the ammo-acids are involved 
in @ process of temporary 'stabihzation' of the 
‘potential mutation’ (the modified purme or pyrimi- 
dine) m the cell prior to 1ts effect in the mduction of 
mutation (‘mutation stabihzation’)? The potential 
mutation ıs ultimately ‘fixed’ mto the cell and ıs no 
longer subject to those conditions which previously 
resulted in declme m mutation frequency (‘mutation 
fixation’)? Recently we have reported that the 
progression. of ‘mutation fixation’ 1s closely correlated 
with the synthesis of ribonucleic acid in the culture, 
and suggested that the muitial mutagenic event 
involves the mcorporation of the modified nucleic 
acid precursor into ribonucleic acid? We wish to 
report here experiments which determine the effect of 
certain purine and pyrunidine analogues on reversion 
induced by ultra-violet light m an auxotrophic stram 
of Escherichia cole 

The mutations studied result in reversion to the 
prototrophic state of E cols stram WP? (tryptophan- 
requiring strain of Witkin)? The basic procedure 
followed for culture growth, synchronization, radia- 
tion exposure, culture treatment, platmg and muta- 
tion assay have already been described}? The 
procedures used for the determination of nucleic acid 
and protem have also been described? 

30 purme or pyrimidine analogues were tested by 
addition (5 mgm /100 ml) to mcubating cultures 
immediately followmg exposure to radiation The 
substances tested were 5-bromouracil, thiouracil, 
5-methylorotic acid, 5-thioguanine, 8-aza xanthine, 
6-aza uracil, caffeme, 5-nitrouracil, 6-aza thymine, 
8-aza guanine, 8-aza hypoxanthme, 8-aza adenme, 
6-methylthiouraed, 5-ammouracil, 5,6 dichloro-1-(6- 
D-ribofuranosyl) benzimidazole, 5-bromodeoxyuridine, 
5-hydroxyuridine, 5-methylthiow aei, 8-aza xanthine, 
uramil, diazouracil, 6-mercaptopurme, dithiouracil, 
5-nitrouracil, 2-amuno-4-methyl pyrumidine and 5- 
bromouridine The effect of each on mutation 
response was determimed by plating the cells on the 
mutation assay agar after 60 or 80 min incubation 
with the analogue Of these analogues, 6-mercapto- 
purine, 5-hydroxyuridine and 6-aza uracil were 
found to have a marked effect on the mutation 
frequency response while 6-thioguanine and 5-nitro- 
uracil lowered the mutation response slightly 
Preliminary studies with 5-hydroxyuridine have been 
ieported elsewhere? 

The decline in mutation frequeney promoted by 
5-hydroxyuridme is muitiated after a lag of some 
20 min and ıs complete after incubation for 60 mm 
(Table 1) The initiation of the decline in mutation 
frequency m the presence of 5-hydroxyuridine is 
correlated with the initiation of synthesis of ribo- 
nucleic acid and ıs complete at about the time the 
relative amount of ribonucleic acid has doubled 
Protem synthesis begins only after a considerable 
degree of decline m mutation frequency has occurred 
Furthermore, synthesis of deoxyribonucleic acid 1s 
initiated after the decline promoted by 5-hydroxy- 
uridine 1s complete Thus the decline in mutation 
frequency ın the presence of this analogue can be 
correlated with the synthesis of ribonucleic acid m 
the presence of the analogue A plausible hypothesis 
to account for this fact 18 that the analogue 18 1ncor- 
porated mto ribonucleic acid, thus producing 'non- 
functional’ ribonucleic acid and usmg up the muta- 
genic substrate ^ Prelmunary studies indicate that 
6-mercaptopurme may exert its effect through a 
similar mechanism 
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Table 1 THE EFFECT OF 5-HYDROXYURIDINE ON MACROMOLECULAR 
SYNTHESIS AND THE YIELD OF ULTRA-VIOLET-INDUCED PROTOTROPHS 
FROM Escherichia cole STRAIN WP2 














i 
5-Hydroxyuridine, 5 mgm /100 ml * 
Post-1rradiation 
incubation tumet | Prototrophs Relative concentration 
(mm ) per 10° 
survivors RNA Protein DNA 
0 5,260 10 10 10 
20 5,328 10 10 10 
30 4,104 12 10 10 
40 3,060 14 10 . 10 
60 1,180 19 15 10 
80 932 24 18 13 








RNA, Ribonucleic acid , DNA, deoxyribonucleic acid 

* Incubation with 5-hydroxyuridine had no effect on survival The 
incubation medium was minimal medium (ref 1) plus casein hydro- 
lysate, 2 mgm /ml and Dr-tryptophan, 02 mgm /ml Ultra-violet 
exposure was 960 ergs/mm * 

T Incubation prior to plating on to the mutation assay agar (see 
Doudney and Haas, ref 3) 


Table 2 COMPARISON OF THE EFFECTS OF 6-AZA URACIL AND CHLOR- 
AMPHENICOL ON THE YIELD OF ULTRA-VIOLET INDUCED PROTOTROPHS 
FROM Escherichia coli STRAIN WP2 














Chloramphenicol 6-aza uracil 
Post- (20 ugm /ml ) (5 mgm /100 ml )* 
irradiation 
incubation Prototrophs Prototrophs Relative 
timet per 10° per 108 ribonucele:c acid 
(min ) SUIV1VOrS SUIVIVOIS concentration 
0 5,084 5,084 10 
10 2,480 2,082 10 
20 1,028 1,850 10 
30 852 950 10 
60 820 990 11 











* Incubation with 6-aza uracil had no effect on survival The 
1neubation medium was minimal medium (ref 1) plus easein hydroly- 
sate, 2 mgm /ml, and DL-tryptophan, 0 2 mgm /m] Ultra-violet 
exposure was 960 ergs/mm * 

t Incubation prior to plating on to the mutation assay agar (see 
Doudney and Haas, ref 3) 


We have demonstrated a rapid decline m mutation 
fequeney followmg addition of chloramphenicol to 
the culture which 1s complete to a basal level withm 
20 mn? Table 2 demonstrates that the dechne 
promoted by 6-aza uracil (unhke that promoted by 
5-hydroxyuridine) is closely correlated with the 
decline promoted by chloramphenicol 6-Aza uracil, 
lıke chloramphenicol, blocks protem synthesis How- 
ever, unlike chloramphenicol, the analogue piesum- 
ably blocks protem synthesis through direct blockage 
of the synthesis of ribonucleic acid Undine will 
reserve the blockage to ribonucleic acid and protem 
synthesis and will also prevent the decline in mutation 
frequency promoted by the compound We thus 
assume that 6-aza uracil has the capacity to promote 
‘mutation frequency dechne’ as does chloramphenicol 
by mterfermg with ‘mutation stabihzation' 

These studies were supported in part by research 
grant C—3328 from the US National Institutes of 
Health and by US Atome Energy Commission 
Contract AT—(40-1)-2139 
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Activation of Staphylococcal-free 
Coagulase by Purified Human 
Prothrombin 


FREE coagulase! 1s an extracellular protem produced 
by pathogenic staphylococci’, which reacts with 
coagulase activator, present m the plasma of certain 
animal species, to yield an active material capable of 
clotting any fibrmogen! The active material has 
been called activated coagulase* and has been shown 
recently, by a study of the kmetics of the reaction 
between purified free coagulase’ and an impure 
preparation of coagulase activator, to be produced 
during the enzymic degradation of the former by the 
latter This work, however, shed no hght on the 
vexed problem of the nature of coagulase actrvator*9-?, 
owing to the mhomogeneity of the coagulase activator 
preparation employed 

Through the kmdness of Dr F Duckert of the 
Medizinische Universitatsklmik, Zurich, we have been 
able to repeat some of these oxperiments, using, as the 
source of coagulase activator, a highly purified sample 
of human prothrombin prepared by chromatography 
on barrum sulphate and ‘Hyflosupercel’ by a slight 
modification of the method used by Duckert, Koller 
and Matter?® This material contamed about 1,000 
unis of prothrombin and 160 units of coagulase 
activator per mgm protem, and was thus enriched 
between 600 and 700 times (Dr Duckert, private 
communication) 

Solutions of prothrombin in phosphate buffer 
(0 07 M disodium hydrogen phosphate—potassrum 
dihydrogen phosphate, pH 6 8) were incubated at 
37° C with various concentrations of free coagulase 
and activated coagulase was assayed m the mixtures 
as already described‘ The results, which are sum- 
marized in Table l, are essentially similar to those 
obtamed previously* and demonstrate the mstabihty 
of activated coagulase under these conditions The 
concentration of activated coagulase produced and 
the length of time before 1ts exhaustion are directly 
dependent upon the initial eoncentration of free 
coagulase m the mixture These facts, together with 
the findmg that the exhausted mixtures still contain 
coagulase activator but no free coagulase, confirm 
that free coagulase is enzymucally degraded by 
coagulase activator 


Table 1 FORMATION AND DESTRUOTION OF AOTIVATED COAGULASE IN 
MIATURES CONTAINING A CONSTANT AMOUNT OF PURIFIED HUMAN 
PROTHROMBIN AND VARIOUS AMOUNTS OF FREE COAGULASE 


Values given are for the concentration of activated coagulase (units/ml ) 





Concentration of coagulase (units/ml ) added to 

















Incubation an equal volume of purified human prothrombin 
time of (250 ugm jml ) 

mixture at l 

37* C (hr) 25 10 5 2 
0 33 19 12 05 
1 43 28 14 06 
2 40 28 14 06 
3 40 24 14 05 
4 38 24 09 03 
5 43 15 08 0 25 
6 40 14 06 0 23 
8 30 08 05 017 

22 15 09 0 34 0 08 





After incubation for 22 hr the mixtures were divided into three 
portions and to (a) was added an equal volume of prothrombin 
190 ugm /ml , to (b) an equal volume of coagulase 25 units/ml and to 
(c) an equal volume of buffer They were then incubated for 10 min 
and the activated coagulase content measured as before 


a 05 0 12 «01 «01 
b 31 27 20 20 
c 05 0 13 «01 «01 
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In view of the highly purified nature of the human 
prothrombin used as a source of coagulase activator, 
it seems likely that the two are identical This 
suggestion 1s supported by the observation that the 
ratio of prothrombin to coagulase activator m normal 
human plasma is identical with that in the present 
highly purified preparation of prothrombin 

GQ HAUGHTON” 
E S Dura 
Royal South Hants Hospital, 
Southampton March 26 


* Present address Mucrobiological Research Establishment, Porton, 
Nr Salisbury 
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Separation of Polyviny! Chloride and 
Polyvinyl Acetate by Chromatographic 
Methods 


Tae material used in this work was known to 
contam at least two co-polymers A method of 
separation was sought which would not require a 
complex chemical procedure The separation of 
high polymers by chromatographic means was carried 
out by Claesson!, while separations on columns 
packed with carbon black were attempted by 
Landler? 

It was found that absorption decreased with mm- 
creased molecular weight A column of activated 
charcoal was packed and saturated with methyl 
$s0-butyl ketone The mixture contaimung the two 
co-polymers m this solvent was'added to the top of 
the column and washed with the solvent After a 
few minutes, the elutant was giving & positive test 
for chloride After 1 hr washing the fractions began 
to give positive acetate results 

In order to attempt some form of confirmation, a 
method of separation was devised by paper chromato- 
graphy 

The mixed co-polymers m solution were spotted on 
to a strip of Whatman’s No 4 filter paper and an- 
dried This strip was then allowed to run at room 
temperature for 45 min, using once agam methyl 
$s0-butyl ketone as a solvent The strip was then 
air-dried and sprayed with a solution of one part 
BDH Universal mdicator and one part distilled 
water The whole strip was then washed m distilled 
water and dried The acetate spot remained station- 
ary, while the chloride moved with the solvent front 
Rp values were for chloride 0 985 and 0 0 for the 
acetate Both spots were eluted, yielding positive 
tests for acetate and chloride, respectively 

To determine the accuracy of the separation, two 
pure polymers of acetate and chloride were mixed 
in the solvent These were then spotted on to a 
No 4 filter paper and run as a control Identical 
results were obtained as with the mixed. co-polymers 

This method 1s not suggested as an analytical 
procedure but as a rapid means of separating mixed 


polymers 
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Further details of this work will be published else- 
where 
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A New Method for working up Processing 
Mixtures containing Anhydrous Alu inium 
Chloride 


Ow working up the mixture m order to isolate the 
products of reactions catalysed by anhydrous 
aluminium chloride, the first step is usually decom- 
position with an ice-acid mixture! However, 
difficulties are often encountered m the separation of 
the aqueous phase contammg the alummuum salts, 
due to the formation of stable emulsions This makes 
the repeated washing of the organic phase necessary 
to ensure complete extraction of the alummuum salts, 
a rather tedious operation 

In our expermments we found that a solution of 
sodium fluoride could be used with advantage at this 
stage, and also to elimmate interference durmg later 
stages The favourable effect is due to the formation 
of the complex Na,AlF, which is soluble m water 
The advantages of the method may be summarized 
as follows 

1 The aqueous solution, when ıt contaims sodium 
aluminium fluoride, 1s 1eadily and quickly separable 
from the organic phase, m our experments, nitro- 
benzene 

2 When the second step of working up the reaction 
mixture 1s steam distillation of an alkalme solution, 
no separation of the aqueous phase 1s necessary 
Further, as the aqueous phase is already alkaline, 
no addition of alkali ıs required to secure the alkalme 
reaction of the medium 

3 When a neutral solution ıs wanted during 
processing, & slightly acidified solution of sodium 
fluoride can be used The exact amount of hydro- 
chloric acid necessary can be determmed by blank 
tests on a solution of anhydrous alummium chloride 
at the same concentration as the reaction mixture 
These blanks are of great importance as the quantity 
of acid required depends on the quality of the sodium 
fluoride 

4 Smce the method facilitates the workmg up and 
analysis of very small quantities, 16 1s particularly 
suitable for micropreparation and kmetice studies 
Although stoichiometrically 6 moles of sodium 
fluoride are required for each mole of alummium 
chloride, we find 1t best to use at least 7 moles of 
the reagent 

As an example, part of an unpublished kinetic 
study will be given here, where a quantitative 
determination of the ketone was carried out on the 
mixture obtained by the Fries rearrangement of 
thymyl acetate in nitrobenzene, m the presence ot 
&lummium chloride 

Preparation of thymyl-methyl ketone 2 4031 gm 
(12 4 m moles) of 99 14 per cent thymyl acetate was 
treated with a solution of 4 17 gm (31 3 m moles) 
of anhydrous alummium chloride (B D H ) m nitro- 
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benzene, and the mixture was made up to 20 ml 
with nitrobenzeno The mixture was allowed to 
stand for 5 hr ın a thermostat of 40° C, and then 
an aliquot of 2 ml was transferred by pipette into 
an equal volume of ethanol This mixture was 
refluxed for 30 min with 30 ml of a solution of 
sodium fluoride (contaming 35 gm sodium fluoride), 
3 ml of 1 N sodium hydioxide and 24 ml of ethanol 
After cooling, the solution was made up at room 
temperature to 100 ml with water and allowed to 
stand overnight in a glass cylinder, 25 cm m 
diameter, when nitrobenzene separated A portion 
of 50 ml was withdrawn from the clear supernatant 
with a pipette, treated with 3 ml of 1 N hydrochloric 
acid and distilled until the temperature of vapour 
reached 98° C (approximately 5mm) The residue 
was allowed to stand for 2 hr im an ice box, then 
the precipitated crystals were filtered through a 
glass filter, dried at 110° C for an hour and weighed 
together with the filler Thymyl-methyl ketone was 
then separated from morganie contammants by 
treating the filter with 3 x 5 ml of hot ethanol 
After drying the filter for 20 min at 110? C, 15 was 
again weighed The difference was 0 0881 gm The 
almost white, crystallme product obtamed by 
evaporating the ethanolic solution had a meltmg 
pomt of 122 5-125° C For C,,H,,0, molecular 
weight 192 25 calculated (per cent) C, 7497, 
H, 8 39 found (per cent) C, 7495, H, 8 07 

The ketone obtamed by the classical Rosenmund 
method? was nearly black, m p 115-122°C 

The correction for the solubility of the ketone gives 
a gross yield of 0 092 gm , thus by the Fries re- 
arrangement a yield of 94 6 per cent was obtained 
With suitable modifications the quantity of uncon- 
verted ester can also be determined by titration? 

We wish to thank the Hungaran Academy of 
Sciences for a grant and the Microanalytical Labora- 
tory of the Institute of Organic Chemistry of the Uni- 
versity of Szeged for carrying out the microanalyses 


T SZÉLL 
A FURKA 
Institute of Apphed Chemistry, 
University of Szeged, 
Hungary 
March 23 
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PHYSICAL SCIENCES 


Calculation of a *Cosmic Ray Age' for the 
Iron Meteorite ‘Carbo’ 


THE potassium of the non meteorite ‘Carbo’, 
compared with ordinary potassium, is substantially 
enriched in the isotopes potassrum-40 and -41, as 
shown 1n the recent isotopic analysis by Voshage and 
Hintenberger! At least 15 per cent of these 1sotopes 
in ther sample of ‘Carbo’ appear to have been 
produced through the action of cosmic rays Stoenner 
and Zahringer? found that the concentration of 
potassium may vary considerably withm an iron 
meteorite Ther analyses were based on the detection 
of potassium-41 and the assumption that the potas- 
sium had the same isotopic composition as terrestrial 
potassium If, however, ther value of 0 031 ppm 
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of potassium from one sample ıs typical of ‘Carbo’ 
and is corrected to 0 012 p p m im order to fit the 
new isotopic analysis, the potassrum produced by 
spallation ıs at least 4 6 x 10-3 mole/gm The 
total 10n beam in the Voshage and Huintenberger 
analysis mdicated that the concentration of potas- 
srum-40 alone is even greater than 1 8 x 10-13 
mole/gm The amount of potassrum produced by 
spallation 1s probably about 10-1 mole/gm This 
figure is quite compatible with that of 1 1 x 10-19 
mole/gm for the helrum-3 content? because the cross- 
section for the formation of potassium, includmg 
the contribution from argon-39 and calcmm-4l, 
seems to be? about 40 mb , and the measured cross- 
section for the production of hehum-3 (with hydro- 
gen-3) by means of 3 BeV. protons on iron 1s approxi- 
mately! 340 mb The neon also formed by spallation 
has a concentration? of 5 8 x 10-12 mole/gm , which 
18 comparable with that indieated for the potassium 

Radioactive species formed by spallation have been 
used to estimate the production rate of stable isotopes 
by cosmic rays Radiation ages have been calculated 
in this way for meteorites from them helum-3 and 
argon-38 contents’ The combination of stable 
isotopes of potassmum with the relatively long-lived 
potassrum-40 may also be used to calculate a ‘cosmic 
ray age’, Ai m the followmg equation 


1 —6?A AKH (os — Ros) 
At Oral Kin — RR) 


The relative abundances of the potassium isotopes 
used are K2? = 0 795, K+? = 0 048, and Kt} = 0 157, 
as reported by Voshage and Hintenberger! for the 
meteorite ‘Carbo’ ‘The total decay constant, A, 18 
taken as 0 529 x 10-*yr-? Bs the ratio of K39/K49 
1n ordinary potassium 

In addition to the usual assumption regardmg a 
constant cosmic ray flux, some knowledge of the 
cross-sections for the formation of the potassium 
isotopes 1s required The cross-section versus mass 
curves for argon formed by lugh-energy protons on 
iron and copper are well defined experrmentally (refs 
3 and 4 and Bieri, R H, personal communication) 
The curves are similar and are skewed towards the 
side of the neutron-rich isotopes The known isotopes 
of potassium suggest that the spallation curve of 
this element 1s stmilarly asymmetrical and that the 
production cross-sections for potassium-40 and -41 
are rather large and approximately the same 

Barr? has estimated the approximate production 
cross-sections for the isotopes potassrum-39, -40 and 
-41 for 5 7 BeV protons on copper These cross- 
sections are 5 2, 9 4 and 9 2 mb, respectively He 
inferred them from his measurements of the yields 
of more than fifty radioactive isotopes produced by 
the spallation of copper The observed cross-sections 
for potassrum-42 and -43 were 54 and 11 mb, 
respectively Other spallation products such as 
argon-39 and calc1um-41 contribute significantly to 
the formation of potassrum ‘The cross-sections for 
the formation of potassium estimated from Barr’s 
work then become oo = 14 8, o4, = 9 4, and c4, = 
14 7 mb 

The radiation age calculated from the preceding 
values ıs 0 6, x 10? yr It 1s obvious m the above 
equation that the value for c4, 18 comparatively 
insignificant This figure may be incorrect by a factor 
of 2 without mfluencmg the value of the right side 
of the equation by more than 10 per cent The 
relative values for o,, and c,, are nnportant A 
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difference of even 20 per cent ın their ratio affects the 
radiation age by 1 x 10? years This seems to be 
approximately the uncertainty m this radiation age 
of ‘Carbo’, but the relative ages of ron meteorites 
may be determmed with much greater precision 
For the radiation age from the potassium to be 
46 x 10° years, or the same as the lead-lead age’.® 
and the rubidium-strontrum age?!" of stone mete- 
orites, c4,; would have to be about one-half the value 
for o4 It should be noted that contammation will 
have a negligible effect on the radiation age as long 
as the observed abundance of potassium-40 18 much 
greater than the potassrum-40 n ordmary potassium 

The cosmic ray age calculated here for ‘Carbo’ is 
essentially the same as its estimated cosmic ray 
holum age of 0 85 x 10? years! The potassram— 
argon ages of several stone meteorites are also quite 
simular The chondrites ‘Kunashak’ (grey variety) 
and ‘Pervomaisku Poselok’ (grey variety) have ages 
of 0 70 x 10° and 0 64 x 10? years, respectively 
The two shergotites ‘Padvarmnka’ and ‘Shergotty’ 
have ages of 1 0 x 10? years!? and 0 56 x 10° years", 
respectively It seems that the stone meteorites 
belong to two groups, one with radiogeme helm 
ages of 4 x 10? years, the other with ages of about 
05 x 10? to 1 x 10° years Helium probably has 
been lost from the meteorites of the latter group 
The potassrum-argon ages for the same meteorites 
clearly indicate some loss of argon™ 

The accuracy of the cosmic ray age calculated from 
the potassium produced by spallation depends prin- 
cipally upon how well the ratio of the formation 
cross-sections for potassium-40 and -41 1s known and 
the constancy of the cosmic ray flux. Nevertheless, 
this age of 0 6, x 10° years agrees remarkably well 
with independent age determmations for this mete- 
orite and for other meteorites Evidence 1s rapidly 
accumulating for the break-up of solid bodies and for 
the presumably related heating of at least some of 
the meteorites between 0 5 to 1 0 x 10? years ago 
The comparison of potassium analyses from other 
iron meteorites may help to answer the question of 
whether these processes oceurred throughout approxi- 
mately half a thousand mulhon years or durmg a 
much shorter interval 

I wish to thank Dr. R H Bieri and Dr J Geiss 
of this Institute for many discussions This study 
was supported by a grant from the US National 
Science Foundation 


Royat R. MARSHALL 


Physikalisches Institut, 
Universitat Bern 
May 16 
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Refraction of Very High Frequency 
Radio Signals at lonospheric Heights 


PEOPLE engaged m radio tracking of space vehicles 
are well aware of the fact that the Earth's atmosphere 
may cause serious refractive errors m the elevation 
angle determination It is also generally accepted 
that refractive errors rapidly decrease with an mcrease 
1n the elevation angle, and become virtually negligible 
above 10 or 15 degrees In the case of radio astron- 
omy, this 1s quite true However, in the case of 
space-vehicles, which travel in the immediate vieinlty 
of the Earth, this 1s not the case The refractive 
errors due to the troposphere rapidly decrease with 
the elevation angle, while those due to the 10nosphere 
initially merease with the elevation angle, and then 
gradually fall off This behaviour of ionospheric 
refraction 1s a necessary consequence of the spherical 
geometry The value of the elevation angle at which 
the maximum ionospheric refractive error occurs les 
typically between 100 and 200 millradians The exact 
expressions are rather involved, but 16 can be shown 
that the value of this angle ıs roughly proportional 
to the square root of the height of the layer The 
maximum value of the ionospheric refractive error 18 
about 10-15 per cent higher than its value for a 
tangentially departing ray 

Fig 1 shows a plot of the elevation angle error 8 
for realistic models of the 10nosphere and troposphere 
The tropospheric calculations were based on radio- 
sonde data The ionospheric calculations were based 
on a model of electron density profile which was 
parabolic below the region of the maximum density 


100 






E eS c1 
E reed 
comb. | |] ] 
e” (Som) — | | 






ip 
/. 
a 
HJ 


- 
K 









6 (milliradians) 
m 
o 






Ya* IOO km 
fe £14 mc. 





0 200 400 
as (milliradiang) 


Wig 1 


600 


NATURE 


119 


and was represented by the hyperbolic secant above 
the maximum The constants of the hyperbolic 
secant were adjusted so that the profile and its 
derivative were continuous everywhere, and the total 
electron content above the maximum was three times 
as large as below it This 1s m accord with experimen- 
tal data based on Faraday rotation measurements) 
Details of the computational techniques are described 
elsewhere? 

For the purpose of the accompanying illustration, 
the ionospheric constants were adjusted as follows 
height of the base 200 km , half thickness 100 km , 
critical frequency 14 mc, signal frequencies 50 and 
100 me The target height for which the refractive 
errors were computed was 300 nautical miles 

Examination of Fig 1 shows that, at very low 
angles of elevation, «,, the tropospherie refraction 
contributes appreciably to the refractive error while, 
at higher angles, the 10nospherie factors predominate 
The peculiar behaviour of the ionospheric refraction 
manifests itself by the presence of the shoulder which 
1s especially promment at 50 mc, and also by the 
fact that the refractive error decreases more slowly 
with the elevation angle than might have been ex 
pected from the study of the refraction of radio stars 

S WEISBROD 

Smyth Research Associates, 

3555 Aero Court, 
San Diego, 11, 
Cahfornia 
L Conm 
Griffiss Aur Force Base, 
Rome, New York 
June 10 
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Near Infra-Red System of Nitrogen 


Iw the course of studymg the molecular Spectrum 
of mitrogen under varous excitation conditions, 
Carroll and Sayers! discovered a new triplet transition 
m the near infra-red Only one band was observed 
as the spectral region of interest was dommated by 
bands of the first positive system A spectrogram of 
the new band was given together with measurements 
of the four strongest heads at 8265 5, 8283 8, 8293 3 
and 83106 A The structure of the band was 
obviously complex, and ıt was suggested by Carroll 
and Sayers that the transition might be 9|] — 3¥ 

More recently Kistiakowsky and Warneck? have 
reported bands of nitrogen in the infra-red, and these 
observations have been extended by LeBlanc, 
Tanaka and Jursa?, who studied the emission from 
afterglows in argon-nitrogen mixtures at low tem- 
perature They also made a preliminary vibrational 
analysis and showed that the lower state was most 
probably B 3 

There 1s no doubt that the new System 1s the samo 
transition as that reported by Carroll and Sayers 
This 1s proved by (a) the close similarity m structure 
between the 8265 5 A band on Carroll and Sayers's 
spectrogram and the bands in the spectrogram given 
by LeBlanc, Tanaka and Jursa, and (b) the agree- 
ment between the measurements of corresponding 
heads m the 8265 5 A band and the (»--1)—1 
band of LeBlane, Tanaka and Jursa 

As the new system is of both theoreticalt and 
astrophysical* interest the 8265 5 A band has recently 
been investigated under large dispersion It was 
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photographed in the second order of the 21-ft 
grating in the Physics Department of University 
College, Dublin, and despite the weakness of the band 
and the presence of the first positive system, a 
iotational analysis proved possible Three components 
were found, each consisting of a fairly strong P, Q 
and R branch together with a number of weaker 
satellite branches A detailed exammation of the re- 
sults shows unambiguously that the upper state 1s of 
species ?Zi-, A preliminary value of Ba«, determined 
from the Q branches alone gives 1 38, em-! The 
analysis also verified beyond doubt that the lower 
state of the 8265 5 A band is the level v = 1 of 
B31}, This is shown by the excellent agreement 
between the combmation differences derived fiom 
the present analysis and those formed from the data 
on the 1-0 band of the first positive system® 

The vibrational numbermg of the levels in the 
3x, state 1s not known with certainty at present 
However, one can say that the v = 0 level cannot 
lie above about 71,700 cm -! and that ıt very probably 
lies within a few vibrational] quanta of this value 
Now Mulliken‘, m his theoretical work on nitrogen, 
has predicted that a *L-y state, with a B value of 
approxunately 147 em-!, should occur at about 
70,700 cm -+ Tt ıs seen that the results of the present 
work are in satisfactory agreement with Mulliken’s 
theoretical predictions 

A full account of the above work will be published 
elsewhere ın the near future 

P K CARROLL 
Physics Department, 
H E RuBALCAVA 
Chemistry Department, 
University College, 
Dublm June 11 


1 Caroll, P K ,and Sayers,N D , Proc Phys Soc , A, 66,1188 (1953), 
2 aci a G B, and Warneck, P, J Chem Phys , 27, 1417 
1957 


3 LeBlanc, F, Tanaka, Y , and Jursa, A, J Chem Phys , 28, 979 
(1958) 

i Mulliken, R S, ‘The Threshold of Space", 169 (Pergamon Press, 
New York, 1956) 


ê Khvostikov, I A , and Megrelishvih, T G , Nature, 188, 811 (1959) 
‘Carroll, P K , Proc Roy Insh Acad , A, 54, 369 (1952) 


Luminous Spots on Electrodes in Insulating 
Oil Gaps 

Ix 1955 we reported the observation of lummous 
spots on electrodes m transformer oi! The spots 
were detected by & photographie plate im the oil 
between the electrodes with application of ac and 
de voltage stresses for 2-30 min The oil was usually 
degassed but not filtered The lummous spots occurred 
at random on the surface of a plane electrode and were 
more concentrated at sharp edges One of the 
electrode systems used was an American Society 
for Testing Materials oi-breakdown test-cup The 
threshold average electric stress seemed to be of the 
order of 50 kV Jem mmimum At the time of those 
experiments 1t was not known whether these lummous 
spots were due to discharges m tiny bubbles or to 
another cause. 

Since those prelimmaiy experiments, more refined 
and efficient techniques have been used in the investi- 
gation of these luminous spots, whereby the electrodes 
are observed face on through a glass window coated 
with transparent semiconducting tin oxide Micro- 
scopic examination has shown that, while bubbles do 
occur sometimes at high stresses under low hydro- 
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Static piessures, or with fibres present, bubbles are 
not iesponsible for the luminous spots observed on 
electrodes m well-filtered, degassed ol The lummous 
spots have been shown to occur only at the negative 
electrode with d c. stresses and are the1efore attributed 
to fluorescence of the oil molecules excited by field- 
emitted elections from points of high localized electric 
stress on the electrodes They have been detected by 
10-min exposures with Ansco Super Hypan Fim 
(ASA 500) m a camera having an f2 lens opening at a 
distance of about 5 in It ıs believed that these 
luminous spots are similar to the luminosity reported 
seen by Darveniza? at 600 kV /em , but detected here 
at much lower average electric stresses The threshold 
voltage stress seems to be of the order of 50-250 
kV /cm, depending on the degree of polish of the 
electrodes and filtermg of the oil The local electric 
stress 1s very likely 10 or more times higher 

M Wachtel (Westinghouse Research Laboratories, 
private communication) and Llewellyn-Jones? have 
ieported electron field emission nto a vacuum or low- 
pressure gas at average electric stresses of the same 
order as used heie 

The oceun ence of luminous spots 18 not significantly 
affected by applied hydrostatic pressure from 10 mm 
mercury to 2 atmospheres They also occur with ac 
voltages between glass surfaces, indicating that field 
emission occurs from glass surfaces The lummosity 
1s not affected by an efficient additive, benzil, reported 
by Basseches and McLean‘ to prevent gassing 

It 1s believed that observation of these luminous 
spots assists ın explaming the statistical effect of 
electrode area (and volume) on breakdown, par- 
ticularly m commercial tests, and the dependence of 
long time ac electric strength on time of voltage 
application It also suggests the origin of the develop- 
ment of gas (hydrogen) in stressed oils, since the 
electrons exciting fluorescence (requiring about 3 eV ) 
may also have or gam by acceleration sufficient 
energy to decompose the hydrocarbon oil molecules 
(requring about 4 eV) 


T W DAKIN 
DANIEL BERG 


Insulation Department, 
Westinghouse Research Laboratories, 
Pittsburgh, 35, Pennsylvania 
May 19 
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Compaction of Briquettes 


WHEN a powder 1s compacted by a simple applica- 
tion of pressure, the density and strength of the 
compact so formed (measured after the pressure has 
been released) are determmed by the pressure used, 
but ultimately they approach lmuiting values which 
are not exceeded by further mcreasimg the pressure 
The limiting density of the compact falls short of 
the density of the material of the powder by an 
appreciable margm, say 4-20 per cent, depending 
on the material used (Fig 1) 

This failure to achieve complete compaction arises 
in two ways First, as the briquetting pressure ıs 
applied it 1s opposed by forces set up m the powder 
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A visual display 
of biological and 
physiological 
phenomena 


Cossor Oscillograph, Model 1049 Mk. IV, 1s particularly 
suitable for biological and physiological investigations. 

A double-beam instrument, its direct-coupled amplifiers will 
accept signals of frequencies from zero to approximately 

0 5 or 1 Mc/s depending on channel and an overall sensitivity 
of 0 65 mV [cm 1s attainable through the A1 channel when 
used ın conjunction with Pre-Amplifier, Model 1440, powered 
with transistorized Power Unit, Model 1327 

A 75 sec traverse 1s a feature of the trme-base and beam 





MODEL 1440 Pre-Amplifier 


Æ We shall be pleased t 
bright-up facilities are available, together with full voltage and send you full pein cal de. 


time calibrating circuits tails of these insti uments or 
to send a representative 


Photographic recording equipment 1s available to discuss our equipment 
with you 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, PO BOX 64, HIGHBURY GROVE, LONDON, N5 


"Phone CANonbury 1234 (33 mes) *Grams Cossor, Norphone, London. Cables. Cossor, London Code Bentley’s pre 
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The Shackman Autocamera 1s a recording 
instrument designed to cover a wide field in 
industrial and scientific work where the automatic 
production of micro-films 1s required It is a 
precision instrument suitable for all purposes where 
long periods of visual observation and manual 
recording are impracticable, such as Oscilloscope 
Recording, Process Timing, Photomicrography 
and Instrument Recording It can be fully 
automatic in its operation, requiring only a short 
single electrical impulse to operate the shutter and 
transport the film A full range of accessories 1s 
available including control units and intervalometers 
The Autocamera ıs adaptable also for industrial 
photography, stereoscopy, document copying 

and many other special applications 
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Full information can be obtained from 
D Shackman & Sons, 
Chesham, Bucks 


Tel Chesham 8109 and 8690 
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Non- Overloading 
Linear Pulse 
Amplifier NE 5202: 


With 5 microsecond recovery 
for 100 times overload Deo- 
signed for scintillation spectro- 
metry and pulse height analysis 
studies, this amplifier. features 
high gain (50,000), high gain 
stability (better than 0 25% 
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Resolving time, I 2 microsecs , 
3-140 volts operating range 
with energy zero drift less than 
o 05 volts per day, o to 10 volt 
gate width with less than o or 
volts per day drift, maximum 
counting rate, 2 X Io*cp 
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NE 5302: 


E.H.T. Supply Unit 
NE 5303: 
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Containing White cathode fol- 
lower preamplifiers with noise 
level of 25 microvolts , photo- 
multiphers of 1 in or 23n can 
be accommodated , for general 
use or for C! and Trium 
investigations with special rotary 
hght locking device 
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Other Units Availahle : 


Precision Ratemeter NE 5401 
with eight ranges and six time 
constants 

Scanning scintillation spectro- 
meter NE 8601 

Multi-channel scintillation spec- 
trometer NE 8201 for industrial 
tracer investigations 
Scintillometers for geophysical 
exploration 
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per week) good linearity, low 
noise (less than 40 microvolts 
at input) excellent overload 
characteristics, and operation 
at high duty cycles Rise time 
O2 microseconds and integral 
linearity 015% Preamplifier 
NE 5202A also available Based 
on the double delay line 
differentiated Fairstein. system, 
it consists of three high gain 
feedback groups and a White 
cathode follower output 
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Single Channel Pulse 
Height Selector 
NE 5102: 


PORE «U^ EM mU AMSA SSMO 
oa rt d e RE Bal 


With minimum of noise and 
ripple, output stability o o1 96, 
low noise and ripple—less than 
r mV RMS, output voltage 
continuously variable from 500 
—1,800 V, output current 
5 mA 


As NE $302, but with output 
voltage range from  1000— 
5000 V 






Shielded Scintilla- 
tion Head Units 
NE 5501 and 5502: 


aa and H? counting umt NE 
301 
Moisture and density gauge 


NE 840r 
Exclusive concessionaire for 
CDC /Bendix 100-channel 


Transistorized Kicksorter in 
Great Britain 

Sole agent for Harshaw Sodium 
Iodide Crystals in the United 
Kingdom 


Write for Bulletins and new Illustrated Price List 


For full details of the above and of our SCINTILLATION 
PHOSPHOR PRODUCTS (plastics, liquids, loaded liquids, 
crystals, gels, neutron detectors, and chemicals) write to 


NUCLEAR ENTERPRISES (GB) LTD, 


SIGHTHILL, EDINBURGH, II, SCOTLAND Tel CRA 5262 


Asscciate Company 


Nuclear Enterprises Ltd, Pembina 
Highway, Winnipeg, Canada 
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Fig 1  Betteshanger coal relationship between briquetting 


pressure and density of briquette 


and upon the walls of the mould, which resist the 
movement of the particles and which resist the 
deformation of individual particles, these forces 
prevent intimate contact between the particle sur- 
faces Secondly, as the external pressure 1s removed, 
the deformed particles recover their shape elastically, 
m part at least, and the compact expands and the 
voids within ıt merease A large elastic recovery 1s 
associated with a weak compact 

It has been found that if the powder compact, 
while still under load, 1s subjected to shear stram, 
(as for example m a rotary shearbox as sketched m 
Fig 2) there is a further compaction without any 
further increase in pressure being required Also, 
the elastic recovery of the compact when constramts 
are removed 1s reduced The compact made m this 
way 1s stronger than one made by simple pressing at 
the same pressure, and may possess greater density 
and strength than the limiting values obtained by 
simple pressmg Whether the compact 1s made by 
simple pressing or by introducing additional shear 


Compacting thrust 


Angled punch 
{non-rotating) 






Die wall, rotating 
and turning the 


NS compact with itself 


Argled punch 
(non-rotating) 


Surface of contact between punches and compact are lubricated 
to allow the compact to rotate withm the die wall 


Fig 2 Action of a rotary shearbox 
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stian under load, the strengths and densities are still 
related by the same smgle curve The gam in 
strength may be substantial, and with coal powders 
a five-fold imerease has been attamed. The full 
benefit 1s obtamed only if the shear stram 18 introduced 
under maximum load (Fig 3) 

The response to the introduction of additional 
Shear strain under load varies with the material 
In a material such as ‘Plasticine’, which deforms 
plastically very readily and which has negligible 
elastic recovery, the process offers no advantage 
Natural graphite powder also compacts readily, 
and reduces to a compact of about 4 per cent porosity 
by simple pressing , here agam there ıs litle advan- 
tage in applying extra shear stram, which may do 
more harm by disrupting the briquette than good by 
compacting it At the other extreme, anthracite 
powder, which shows an elastic recovery of 30 per 
cent while still in the die m which 16 has been pressed, 
forms no compact at all, with or without extra shear 
strain The advantage of the process 1s found with 
materials lymg between these extremes The coal, 
the properties of which are illustrated m Fig 3, 1s 
an example, the mtroduction of extra shear strain 
improves the compaction of the final briquette by 
about 10 per cent porosity, and the strength by a 
factor of 3-5 
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Fig 3 Sherwood coal relationship between briquetting pressure, 
shear strain, strength and porosity (shear strain introduced in 
cycles of amplitude 8?) 


The adhesion of particles ın these non-metallic 
compacts 1s not yet fully understood, nor 1s the action 
understood whereby shear strain improves the ad- 
hesion The fact that a single strength-density 
1elationship applies to all compacts made from a 
given powder, with or without extra shear, suggests 
that no new mechanism of adhesion ıs mtroduced by 
Shearmg 

The work described m this paper was carried out as 
part of the research programme of the Scientific 
Department of the National Coal Board and ıs 
published by permission of the Director-General of 
Research 

H R GREGORY 
D C Rays JoNES 
J W PHILLIPS 
National Coal Board, 
Coal Research Establishment, 
Stoke Orchard, 
Cheltenham. May 26 
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Association between Colour of the Iris of 
the Eye and Reaction to Dental Pain 


AN association has been found to exist, ın Australians 
of European stock, between the colour of the eyes and 
the reaction to pain resulting from dental cavity 
preparation 

At the present stage of this study, examination has 
been made of 403 consecutive subjects whose teeth 
weie bemg prepared for filling, the cavities bemg cut 
by means of the Borden high-speed aur-rotor 
apparatus Their ages ranged from three years to 
more than fifty years 

The pain reaction of each subject was assessed, 
four classes bemg used subjects that showed (a) no 
pain ieaetion during the preparation of the cavity, 
(b) a slight reaction, (c) à marked reacwion and (d) those 
whose reaction was so great as to require the injection 
of a local analgesic After having recorded the pain 
reaction of a subject, the colour of the iris was 
observed, nine categories, ranging from blue to dark 
brown, bemg recorded ‘The pam-reaction classes 
weie given arbitrary values of 0-3, and the colours of 
the iris, values of 1-9 

The association between these factors 1s highly 
significant, but, of course, 1s considered to be due to 
ther jomt association with other factors The 
accompanying graph (Fig 1) of mean values displays 
the association between pam reaction and colour of 
1118 

Each point of the graph ıs based on more than 40 
observations, with the exception of the last three, 
for only 11 subjects were seen with light brown eyes, 
23 with brown and 28 whose irises were dark brown 

Judgement of the reaction to pain is based on 
12 months use of this new apparatus (Borden high- 
speed air-rotor) and on more than twenty years 
clinical experience , nevertheless, 1t 1s acknowledged 
that both types of observation are open to criticism 
owing to them subjective nature However, a test to 
estabhsh the reproducibility of the results was 
satisfactory, for out of 136 subjects that were 
re-assessed between one and four weeks after the 
oxiginal examination, the same values were obtained 
for the colour of the eyes in 115 cases, and for the 
pain reaction in 114 subjects Both for colour of mis 
and for pain reaction, the mean of the discrepancies 
between each pair of results was non-significant , the 
mean discrepancies were, pain reaction 0 02, mis 
colour 0 04 

Approximately 13 per cent of the total number of 
subjects required the injection of a local analgesic for 
cavity preparation, a similar percentage bemg found 


Local 3 
analgesic 
required 


Marked 2 
reaction 


Slight 
reaction 1 


cavity preparation 


No 
reaction 0 


Pain reaction during dental 


green «da 
hazel œ 
brown o 


blue 


A 
Colour of the iris 


Fig 1 Association between the colour of the iris and the reaction 
to pain resulting from dental cavity preparation 
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ın the group of subjects formed by addıng the results 
of those whose eyes were greyish-green, green or 
hazel However, this aid was not required by any 
blue-eyed subjects, and was used for only 2 per cent 
of those with greyish-blue or greenish-grey eyes, but 
it was required by 30 per cent of the subjects with 
light brown or brown eyes and by more than 53 per 
cent of those whose eyes were dark brown 

My thanks are due to Sir Arthur Amies, and to the 
University of Melbourne Research Fund 

Pure R N Surron 
Dental School, 
University of Melbourne 
March 16 


Development of the Aplacophorous Mollusc 
Neomenia carinata Tullberg 


PRESENT-DAY authorities agree that, within the 
Mollusca, the chitons (or Polyplacophora) are closely 
rolated to the solenogastres (or Aplacophora) An 
important item influencing this view 1s the deseription, 
by Pruvot!, of the development of seven overlapping, 
dorsal, plate-like spicules in the metamorphosmg 
larva of the solenogastre, Nematomema banyulensts 
The appearance of these spicules has been considered 
to be a reminiscence of a chiton-like ancestor and, 
no doubt, has mfluenced many authors m commg to 
the conclusion that the solenogastres are degenerate 
chitons  Pruvot's description was based on obser- 
vations on a single larva, but nonetheless the figuie 
he gave of this developmental stage has been widely 
reproduced in general works 

The purpose of the present communication is to 
describe some observations on the development of 
Neomema carmata Tullberg 1875 , together with the 
work of Baba? on Epimema verrucosa, they show 
clearly that, while the larva of Nematomenia may 
develop overlapping dorsal plates m the manner 
described by Pruvot, this ıs by no means the rule m 
the Aplacophora 

The embryos of Neomenia carmata hatch three 
days after oviposition (at 10° C ) as trochophores with 
the blastopore still open abapically, but with no 
stomodaeum yet developed (Fig 14) These larve 
swim over the bottom of the culture vessel, propelled 
by the strong cilia of the prototroch As the larvee 
proceed, they spiral m the same direction as the 
metachronal waves travel around the prototroch 
(clockwise when viewed from the anterior) At 
7-8 days metamorphosis begins , a caudal bud begins 
to protrude through what was formerly the blastopore 
(Fig 1B) The tip of this bud bears a mmute pore, 
the anus, and 1s ciliated The rest of the bud, as it 
grows out, 1s unciliated but bears large numbers of 
pointed spicules (Fig 1C) The ‘trochophore’ part 
of the larva remains cihated, but becomes reduced 
m size, while the prototroch and apical tuft degenerate 
The caudal bud comes to form by far the greater 
proportion of the larva (Fig 1D) The last remains of 
the cihated trochophore-mass are ingested through 
the mouth as the larva completes metamorphosis 
(Fig LE and F) and abandons pelagic life At no 
time 1s there any trace of segmentation, nor of any 
dorsal shell-plates When metamorphosis 1s complete 
the external surface of the body (except perhaps for the 
pedal groove) ıs unciliated, and the form ıs lıke that 
of the adult Neomema 

This description 1s based on observations on large 
numbers of larve of Neomema carnnata reared 
through metamorphosis in the laboratory, and the 
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Fig. 1. Metamorphosis of Neomenia carinata (camera lucida 
drawings of live larve). A, Trochophore at 3 days; B, trocho- 
hore at 9 days, ventral aspect ; C, trochophore at 10 days, right 
ateral aspect; D, trochophore at 11 days, right lateral aspect ; 
E, newly metamorphosed stage (12 days), right lateral aspect ; 
F, the same, ventral pact In E and F the spicules are not 
illustrated, The arrow shows ee ee axis of the 
animals 


results so far obtained plainly show the need for a 
re-investigation of the development of Nematomenia. 
At present, the indications are that the nearest 
relatives of the Aplacophora within the Mollusca may 
be found in the primitive Lamellibranchia rather than 
in the Polyplacophora. The resemblances in develop- 
ment between the solenogastres and members of the 
Brachiopoda, Archiannelida and Nemertea (to which 
various authors have directed attention) are probably 
without profound significance. The work on Neomenia 
is being continued and is financed by a grant from the 
Leverhulme Trust. 
T. E. THOMPSON 
Marine Biological Station, 
Port Erin, Isle of Man. 
April 8. 
+ Pruvot, G., C.R. Acad. Sci., Paris, 3, 689 (1890). 
* Baba, K., J. Dept. Agric. Kyusyu Univ., 6, 21 (1938). 


Dagger Nematodes associated with a 
Clover Sickness 


DAGGER nematodes (Xiphinema spp.) are now 
recognized as important crop pests in many North 


American states'-? and occur widely in tropical 
^eountries*^ in close association with plant roots. 


Because of their migratory ectoparasitic habit they 
are seldom observed feeding on the host plant, and 


where they appear to be associated with crop damage 


pathogenicity is difficult to prove. 

Examination in early February of 'sickly' white 
clover (Trifolium repens L.) plants from a clover ley 
near Crewkerne, Somerset, showed no pathogenic 
organism, but large numbers of dagger nematodes 
were recovered from the soil around the roots. The 
roots themselves bore minute lesions compatible 
with nematode feeding, and many young rootlets 
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were brown and shrivelled at the tip. The field, a 
sandy loam, had been sown to grass and clover leys 
in seven out of the past ten years and had a similar 
early history. 

The area was again sampled at the end of April, 
by which time the clover was dying off in patches. 
Many dagger nematodes were again recovered, but 
fungal damage was also evident and small sclerotia, 
believed to be those of Sclerotinia trifoliorum Eri 
were seen; the stem eelworm Ditylenchus di 
Kühn also occurred in numbers sufficient to constitu 
a possible cause of disease. 

The exact role of dagger nematodes in this complex 
is thus uncertain; this is the first record of the 
genus Xiphinema in Great Britain, and observations 
and measurements suggest that the specimens 
recovered represent a new species, which will be 
described elsewhere. 








F. C. Peacock 
Imperial Chemical Industries, Ltd., 
Jeacott's Hill Research Station, 
Bracknell, Berks. x 
April 28. 
1 Christie, J. R., Phytopathology, 43, 295 (1953). 
* Adams, R. E., Phytopathology, 45, 477 (1955). 
? Schindler, A. F., Nematologica, 2, 25 (1957). 
* Lordello, L. E. G., Proc. Helm. Soc. Wash., 22, 16 (1955). 
* Lue, M., Nematologica, 3, 57 (1958). 


Pollen of Acacia from Tufaceous Limestone 
near Udaipur 


I HAVE undertaken the investigation of fossil 
mieroflora from a tufaceous limestone near Udaipur. - 
This fossiliferous locality is about three-quarters of a 
mile north-west of the tenth milestone on the Udaipur— 
Gogunda Road. It was first described by Murty’, 
who had suggested a tertiary age to these beds. í 

A few pieces of fossil were macerated with Schultz's * 
solution and clear dehydrated mounts were pre- t 
pared by passing the material through various grades 
of alcohol and mounting in Canada balsam. Some of 
the preparations were stained with safranin. The 
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slides so prepared showed many 
angiospermic pollen grains, some 
of which belong to the Leguminosae 
and the Gramineae. Also a 
few pteridophytie spores were ob- 
served. 

One well-preserved pollen grain 
resembles very closely that of 
Acacia longifolia. It is a smooth 
compound 16-celled grain; eight 
cells are centrally placed, forming 
a sort of cubical block with the 
others arranged in a rectangular 
fashion. The central group is 
surrounded by eight peripheral 
cells all in a plane at right angles 
to, and bisecting, the central group. 
The peripheral cells are so placed 
that their eight contacts with each 
other are alternately opposite and 
midway between the four contacts 
of the central group. The group 
as a whole is flattened, with a more 
or less rounded outline, and the 
intersecting lines between the in- 
dividual grains cross each other at 
right angles. 

The exine is thick and its corners are rounded. 
The individual grains measure about 24-54 in dia- 
meter and the whole compound grain is 69-54 in 
diameter. 

It is significant to note that fossil pollen grains 
of the Acacia type have been recently described from 
the Victorian Tertiary deposits, Australia, by Cook- 
son’, 

I thank Dr. Chitley for her guidance in this work. 

T. TRIVEDI 
Government College of Science, 
Nagpur. 


* Murty, T. V., Proc. Forty-second Ind. Sci. Congr. Assoc. (1955). 
* Cookson, C. I., Austral. J. Bot., 2 (1), 52 (1954). 


ARCHA OLOGY 


Stone Implements from Western Nigeria 


RECENTLY a number of stone implements have 
been uncovered by labourers in sand quarries at 
Green Springs near Ibadan, Western Nigeria. These 
implements are associated with deposits of river sand 
and clay. The workmen wash the sand, discarding 
the clay and stones, usually placing the latter in 
heaps or scattering them about the ground. Thus it 
has not been possible to determine the level at which 
they were lying before excavation. Generally, 
however, the layers containing stone are between one 
and seven feet below the main surface-level. 

Table 1 lists the definite artefacts found. The 
material is mainly quartz from the basement complex. 

Polished stone axes are common in Nigeria, where 
they are often used as protective charms against 
thieves and thunder, in the belief that they are fallen 
thunderbolts. Flaked and tanged implements, 
however, have not previously been recorded from 
the Western Region of Nigeria, although flaked 
implements which have been compared to the 
Chelles-Le Moustier epoch in Europe are found in 
Northern Nigeria!, and other flaked implements have 
been reported from the Eastern Region and the 
Cameroons*?. Typologically, the Green Springs 























Table 1 
| Description Dimensions | No. 
Polished hand axes, Fig. 1 Approx 12 x 6 x 2}cm.| 5 
Fragments Average width : 6 cm, | 10 
| Well-formed bifaced hand axe, | | 
| Fig.2 14 x91 x 5 cm. 1 
Unifaced hand axe, Fig. 3 23 x 12) x 44 cm, 1 
Polished cleaver-like stone, 
| Fig.4 7} x 7 x 34 em. 1 
| ‘Points’, Fig. 5 Approx. 13 x 9 x 2} em. 2 
Tanged unifaced blade, Fig. 6 11 x 9 x 2 em. nma 
Hand-held polishing or grinding | 
stones, Fig. 7 Approx. 7 x 6 x 6 em. | S 
Bifacial discoid stones | | 
(scrapers ?), Fig. 8 Approx. 4 x 6 x 2 cm, 2 
Anvil stones indented both sur- | 
faces, Fig. 9 Approx. 9 x 7 x 4 cm. | 4 
| Balls | 5-8 em. dia, 15 
Eccentrically perforated stone, 
Fig. 10 Width, 8 cm. ; perf., 2 em. 1 
Fractured stone cylinder 6 cm, dia, 1 
| 








implements fall into two groups: (a) neolithic types, 
represented by stone balls, polished axes, anvils, and 
grinding stones ; and (b) paleolithic types, represented 
by the points, the flaked axes and the tanged blade. 
The latter are suggestive of the Aterian cultures of 
North Africa?.*, 

We are of the opinion that systematic excavation 
in the area may be of advantage to pre-history. We 
wish to acknowledge the kind help of Mr. R. Hockey, 
geologist, Geological Survey Department, Federal 
Government of Nigeria. 


E. L. KosrICK 
C. N. WILLIAMS 
S. A. WILLIAMS 


University College, 
Ibadan. 
March 31. 


t Braunholtz, H. J., "Stone Implements of Paleolithic and of Neo- 
lithic Types from Nigeria”, Geological Survey of Nigeria, Occa- 
sional Paper No. 4 (1926). 

M. D. W., Pan-African Congresson Pre-History, Livingstone, 

edit, Clark, J. D., 262 (1957). 

* Caton-Thompson, G., J. Roy. Anthrop. Inst., 76, 87 (1946). 

* Alimen, H., “The Prehistory of Africa”, English trans., Chapter 7, 
234 (1957). 
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Monday, August 3l—Saturday, September 5 


10TH CONGRESS OF THE INTERNATIONAL ASTRONAUTIC AL FEDERA- 
TION (at Church House, Westminster, London, 8 W 1) 


Wednesday, September 2—Wednesday, September 9 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 
York) —Annual Meeting 


Wednesday, September 2 


m —8ir James Gray, CBE, MC, FRS 
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At 8p 
Study of 
Thursday, September 3 

At10am—Prof L F Bates, FRS "The Visualization of Mag- 
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At 10 am —Prof M Stacey, FR S “Medical Applications of 
Complex Carbohydrates" (Presidential Address, Section B) 

At 102m —Dr L Harrison Matthews, FRS “Man and the 
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Dr C P Spencer) 


At 10 am—Dr H G Sanders 
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At 1116 am—Mr W R Day 
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At 2 30 p m —The Countess of Albemarle "Living with Science” 
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“The Influence of Pathogenic 
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At 10 a m —Prof K C Edwards 
(Presidential Address, Section E) 
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At 8 pm —Prof M Swann “The Unseen Pattern of Growth” 
(Evening Discourse) 
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Sunday, September 6 


At 10 30 a m —Official Service at York Minster 
Most Reverend The Lord Archbishop of York 


Monday, September 7 


At 10 a m —Prof O M B Bulman, FR S “Recent Develop- 
ments and Trends in Paleontology" (Presidential Address, Section C) 


At 10 a m —Prof Jan A Richmond “The Nature and Scope of 
Archeology” (Presidential Address, Section H) 


At 19 a m —Prof A Hemingway “Artificial Organs—Biological 
Applications" (Presidential Address, Section I) 


At 8 pm —Sir Wilham Hildred “International Air Transport 
Problems" (Evening Discourse) 


Preacher The 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ANALYST (qualified for generalinorganic analysis) rn the Houldsworth 
School of Applied Science, mainly for work on silicates—The Registrar, 
The University, Leeds 2 (August 31) 

LECTURER IN MATHEMATICS, LECTURERS (2) IN GEOGRAPHY , and 
LECTURERS (2) IN EDUCATION at Palmerston North University College, 
(Victoria University of Wellington), New Zealand—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W C 1 (New Zealand, August 31) 

'ECTURER (preferably with experience in solid-state or low-tem- 
perature physics or ultrasonics) IN PHYSICS—The Registrar, Queen 
Mary College, Mile End Road, London, E1 (August 31) 

ASSISTANT LECTURER (preferably with interests in plant physiology 
and plant ecology) IN BotaNy—The Prineipal, Royal Holloway 
College (University of London), Englefield Green „Surrey (September 1) 

SENIOR LECTURER AND DIRECTOR (with high academic qualifica- 
tions and experience of high-speed digital computerg) OF THE SUB- 
DEPARTMENT OF COMPUTATION—The Secretary and Registrar, The 
University, Southampton (September 1) 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF AGRI- 
CULTURAL EcoNOMIOS— The Registrar, University College of Wales, 
Aberystwyth (September 5) 

LABORATORY STEWARD IN THE DEPARTMENT OF BOTANY—The 
Registrar, University College, Singleton Park, Swansea (September 8) 

LECTURER IN ZOoLoGy in the University of Queensland, Australia 
— Ihe Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C 1 (Australia, September 11) 

ASSISTANT LECTURER IN DAIRYING—The Registrar, University 
College of Wales, Aberystwyth (September 12) 
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LECTURE? IN PURE MATHEMATICS , SENIOR TUTORS (2) IN PuRE 
MATHEMATICS, and a SENIOR LECTURER IN PHYSICAL METALLURGY 
at the University of Sydney, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W C 1 (Australia, September 19) 

LECTURERS (2) IN ASTRONOMY 1n St Salvator's College, University 
of St Andrews—Joint Clerk to the University Court, College Gate, 
St Andrews (September 19) 

LECTURER IN EDUCATION at the Univeraity of Otago, Dunedin, 
New Zealand—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W 61 (New 
Zealand, September 20) 

SENIOR TUTOR-DEMONSTRATORS (2) IN ZOOLOGY at the University 
of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, WC1 
(Australia, September 26) 

LECTURER IN MATHEMATICS at the University of New England, 
Australa—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, WC1 (Australia, 
September 30) 

ECTURER IN GEOGRAPHY at the Univeraity of Sydney, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 30 Gordon Square, London, W C 1 (Australia, October 1) 

MycoLoaist (with a good honours degree 1n botany, with mycology 
as a special subject, a knowledge of the more fundamental aspects of 
animal and human mycoses, and preferably a knowledge of Latin 
and other languages) at the Commonwealth Mycological Institute, 
Kew—The Secretary, Commonwealth Agricultural Bureaux, Farnham 
House, Farnham Royal, Bucks (November 30) 

JUNIOR PLANT BREEDER (male, with a good honours degree in 
botany with postgraduate experience in the technique of plant 1m- 
provement) at the West African Cocoa Research Institute (serving 
initially at Tafo, Ghana), to carry out research on plant-breeding 
problems relating to cocoa—The Director of Recruitment, Colonial 
Office, London, 8 W 1, quoting BCD 197/200/08/T 

LECTURER IN PHYSICS, and an ASSISTANT LECTURER IN PHYSICS 
(Grade “B’ )--The Clerk to the Governors, Northern Polytechnic, 
Holloway, London, N 7 

SENIOR LECTURER IN ZOOLOGY—The Registrar, Bradford Institute 
of Technology, Bradford 7 

TECHNICIAN IN THE ZOOLOGY DEPARTMENT—The Secretary, Royal 
Holloway College, Englefield Green, Surrey 
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Abstracts of Dissertations approved for the Ph D » MSc, and M 
litt Degrees ın the University of Cambridge during the Academical 
Year 1956-57 Pp avin+267 Titles of Dissertations approved for the 
PhD,MSe, and Natt Degrees in the University of Cambridge 
during the Academical Year 1957-1958 Pp iv+25 (Cambridge 
Board of Research Studies, The University, 1959 ) [144 

British Electrical and Alhed Industries Research Association 
Technical Report E/T65 The Low Temperature Inquid Phase Oxida- 
tion of Hydrocarbons a Literature Survey By Prof Frank Morton 
Pp 33--8 figures 21s Technical Report L/T365 Ultra-High Fre- 
quency Gas Breakdown between Rogowski Electrodes By W A 
Prowse and J L Clark Pp 15--25 figures 18s Technical Report 
L/T368 Effects of Coulomb Forces on the Conduction Properties of 
Semi-Conductors By S Domach Pp 37 18s Technical Report 
L/T371 The Calculation of Insager’s Reaction Field for a Particular 
Model By B V Paranjape Pp 8—2 figures 7s 6d Technical Report 
Z/T117 Evolution of Extra-Galactic Nebulae and the Origin of 
Metagalactic Radio Noise By Dr C E R Bruce Pp 9s (Leather- 
head British Electrical and. Allied Industries Research Association, 
1955, 1957 and 1958 ) 

Polish Cultural Institute, London 
to Polish Periodical Literature, Vol 4, 1, 1959 Pp 1+76 (London 
Polish Cultural Institute, 1959 ) 144 

Federation of British Industries Forty-second Annual Report, 
1958 ) Pp vi+42 (London Federation of British a Pr 


1959 [1 
Rowett Research Institute Collected Papers, Vol 15 Reprints 
Nos 1-88 Collected Papers—Summary and Subject Reviews, Vol 15 
Pp 50 (Bucksburn Rowett Research Institute, 1959 ) [174 
Capital Investment in the Coal, Electricity and Gas Industries 
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SCIENCE AND SOCIETY 


N an address at the Cahfornia Institute of Tech- 
nology on June 12, the substance of which appears 
on p 135 of this issue, Sir Solly Zuckerman remarked 
that the element of the unknown in government 
increases with every step we are now taking to apply 
the fruits of science, and that if, as some consider, 
sovereign power 1s being abrogated, ıb 1s not to some 
governing body, however formed, but more and more 
to a process of applymg scientific knowledge without 
any ieal possibility of determmmg its final con- 
sequences Dr Brian Chapman closed his recent 
book, “The Profession of Government’’*, with the 
remark that in the past hundred years in Europe 
arbitrary power has been replaced by anonymous 
power, and anonymous power is the antonym of 
public admunistration It ıs, ın fact, in the context 
of the problem of government that Sır Solly approaches 
his subject of liberty m an age of science, and the 
second maim point to which he directs attention i$ 
that science, itself demanding freedom and revolu- 
tionary in its ways, 1s now determining, m an 
mcreasingly unpredictable way, the main issues about 
which citizens exercise their freedom of choice This 
involves consideration of both the means and the 
purpose of government 

Sir Solly Zuckerman begins in a way which recalls 
Sir Charles Snow’s Rede Lecture, and also Dr P A 
Weiss’s address, ‘“The Message of Science", at Brussels 
last year, by discussing the divergence between the 
scientist and the humanist, quoting George Gassmg's 
fear that science would become the remorseless 
enemy of mankind, before he goes on to explam the 
nature of science itself and of its dependence on 
freedom For the scientist this means not only the 
freedom to choose his own problems to investigate, 
but also the fact that significant advances ın scientific 
knowledge cannot be ordered by decree Because 
scientific advance 1s unpredictable, ‘‘the untiammelled 
emergence ‘of new scientific ideas 1s not compatible 
with any restraint on the liberty of the scientist to 
roam where his fancy leads Indeed, once the growth 
of any set of scientific ideas becomes constrained, they 
are in danger of becoming obstructive dogma" 

It 1s this freedom of science even to be revolutionary 
that raises doubts and even controversy if stability 
is to be achieved ın a world m which the impact of 
science 18 so profound, and Sir Solly Zuckerman 
pomts that out, while the giowth of fundamental 
scientific knowledge necessitates complete freedom 
from restramt, science 1s not uniquely associated 
with the preservation of freedom either in the per- 
sonal or the social sphere The applications of science 
have mdeed provided the apparatus which has made 
central government powerful alike ın a democratic 
and m an authoritarian regime Science itself has 
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(George Allen and Unwin, Ltd , 


By Dr Brian Chapman Pp 352 
1959) 288 net 


no inherent moral direction, and while science will 
be the handmaiden of equality m the economic 
sphere, given the appropriate political mstitutions, 
our social environment is constantly being trans- 
formed by new scientific ideas and by the application 
and practical development of those ideas 

It 1s m this way that science helps to define for us 
the content and boundaries of the area within which 
we exercise our freedom, and m this sense only, 
the sense m which freedom was conceived by the 
utihtarians of the mdustrial revolution, science can 
be described as the handmaid of freedom Through 
its practical impact, science to an inereasmg—almost 
to a dommant—extent is determmung the way m 
which the sovereign power expresses itself, and here 
Sw Solly asks whether in choosmg to regulate our 
lives m accordance with scientific discovery we know 
for what 1t 1s we are opting “Is the sovereign power 
consciously deciding to develop this or that scientific 
discovery, and so to determme social development in 
this or that direction ?” 

The answer to any of these questions 1s inevitably 
bound up both with the constramts and the unpre- 
dictability of any major scientific advance More- 
over, as Sir Solly himself 1emimds us, scientific know- 
ledge never develops evenly over the whole potential 
field of knowledge, and by choosmg one out of several 
possible courses of action m search of a solution to a 
problem, the scientist may deny himself, and others, 
the opportunity of pursuing another That applies 
still more to the choice of problems to be investigated, 
as the recent debate over Britam's decision to enter 
the field of space research should sufficiently illus. 
trate, and beyond difficulties due to the mcreasmg 
complexity of scientific knowledge and its application 
hes the impossibility of definmg in advance the 
nature and magnitude of potential discovery or its 
impact on our social lives Moreover, there may well 
be unforeseen and unexpected secondary social effects, 
as 1s well illustrated m Dr Michael Young's discussion 
of possible effects of selection on the basis of mtelli- 
gence tests m his book, '"The Rise of the Meritocracy”’ 
Well may ıt be asked whether there can be much 
more than a fictional verity in the abstract idea that 
an area exists within which men can enjoy the 
capacity of unconditioned or untrammelled choice 

Sir Solly seems to recognize clearly enough that 
this 1s ultimately a problem of government rather 
than of philosophy — His remark that the only form 
of exploitation which democracy—man’s answer to 
tyranny and exploitation—will never overcome ıs 
the coercion of new knowledge, which, by guiding 
our social lives into certain channels, limits advance 
m other directions, should be pondered in the hght 
of the clear warnmg about the dangers of secrecy 
which Dr Brian Chapman gives m hus final chapter 
Dr Chapman 1s exposing the stupidity of secrecy 
from the pomt of view of relations between the 
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government and the pubhe AIl that he writes, 
however, about the futihty of the pathological 
secretiveness of the British Government, matched in 
Europe only m Spam and Portugal, applies even 
more forcefully where science 1s concerned These 
attempts at secrecy merely hmde. scientific or tech- 
nical advance without promoting security and, more 
serious, impede the informed public discussion and 
understanding of what both science and Government 
are domg which ıs essential if science 1s to be wisely 
used 

This 18 even more important now that we stand at 
the cross-roads, as Sir Solly remmds us Hitherto, 
we could claim that the applications of science have 
increased the sum total of human happiness The 
process of applymg scientific knowledge 1s as endless 
as 1s the prospect of gettmg new knowledge, and we 
can be reasonably certam that neither the backward 
and under-developed nor the rich nations will allow 
the process of applymg the fruits of scientific know- 
ledge to stop, either m the national or the inter- 
national framework In this process, however, means 
become ends, because as new ways of domg thmgs 
are discovered, they transform the things done, and 
so their purpose In fact, weapons may end by 
determming strategy and even the purpose behmd 
the strategy 

Here, m Sir Solly’s view, arises the real clash 
to-day between the scientist and the humanist, and 
this form of scientific application could indeed con- 
stram our democratic liberties and even, 1f we ceased 
to be vigilant, the hberty of science itself That 
would seem to imply a special responsibility for the 
scientist, though Sir Solly does not agree that such 
a responsibility means more than that the scientist 
1s better able to appreciate scientific facts It is not 
reasonable, he pomts out, to expect the scientist as 
such, who 1s not responsible for the application, to 
accept the responsibilty for predicting some vast 
social transformation which might result from a 
seemmgly mnocent observation 

Nor 1s that all, for ıt has to be remembered that 
the process of government involves much more than 
taking account of scientific and technical factors and 
ther mnpheations Even if the problem ıs essentially 
a scientific one, the statesman or minister who has 
to take a decision and formulate a policy must have 
regard to public acceptability, and accordingly to 
the pubhe understanding Normally there will be 
many other factors to be considered, and ıb 1s the 
consequences of the application of science that are 
of most concern, since they are most readily appre- 
ciated by the public and most relevant politically 

Tt ıs noteworthy that in this connexion Sir Solly 
Zuckerman reaches the same conclusion as to the 
importance of education as do Di Chapman and 
Mr C H Sisson in another recent book on 
government* Suir Solly suggests that m this problem 
of preserving our liberties hes the most important 
reason for regarding an education in science as 
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constituting to-day an essential part of an education 
in the humanities An understanding of social and 
political purpose can no longer be realized through 
the lberal arts, unless their scope ıs widened to 
embrace a proper understandmg of the scientific 
knowledge the application of which 1s so rapidly 
transforming our intellectual and material environ- 
ment 

It ıs with 1ealism and not arrogance that Sir Solly 
places science, technology and humanism in that 
order of 1mportance ın determining our affairs, and 
in the same spirit that he suggests that, to continue 
as a potent educational diserplme, the humanities 
must encompass an understanding of the social forces 
which arise from the application of the natural 
sciences Nor does he suggest that higher education 
necessarily guarantees higher virtue or higher 
political wisdom , rather we are likely to avoid bad 
decisions if we realize that decisions taken m major 
scientific matters to-day may determine the course 
of the future Dr Chapman comments that no other 
European country has emphasized to ‘the same 
extent as Britain the strange division between 
science and the humanities, with the result that the 
common. difficulty of finding adequate numbers of 
Civil servants with sufficient specialized traming is 
accentuated , nevertheless, he recognizes that all 
branches of the public service, ministries as well as 
industrial public enterprises, need a proper balance 
between administrator, manager and technician, and 
that ministries often lack technical competence in 
scientific, mdustrial and economic fields 

Apart, however, from 1eferrmg to the way m which 
France has been able to meet some 90 per cent of 
her requirements for first-class engmeers and tech- 
nologists with administrative experience, Dr Chap- 
man does not discuss the place of the scientist or tech- 
nologist m administration He stresses the importance 
of education and recognizes that this means the educa- 
tion of the general public as well as of the admmus- 
trator, and the politician and mmister He makes 
the significant comment that a menial mmd should 
not be a quabfication for high administrative office, 
but his constructive criticism 1s rather on the structure 
of the Civil Service itself, where 16 points to the fresh 
thinking that ıs required m order that the public 
services may be able to fulfil the needs of the modern 
State 

Nor are his suggestions for the Civil servant or 
the mmuister alone they are no less worthy of 
the attention of professional organizations, for 
they pomt to ways m which not merely could the 
public services be absorbed more effectively into the 
structure of the modern State, but also, and no less 
important, the professional scientist or technologist 
could serve the State under conditions less likely to 
constrain professional ideas and tradition Mr C H 
Sisson, in “The Spirit of British Admmistration”’, 1s 
less confident as to the possibilty of a general 
hberality, though he believes just as firmly as Sir 
Solly Zuckerman and Dr. Chapman that the survival 
of some kind of liberal and general education is 
mdispensable to the survival of parhamentary 
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government or mdeed of any government based on 
free discussion, with this goes the survival of 
administrators who are not daunted by specialists 
but take 1t for granted that the practical 1mplieations 
of all ther work can be explored and explained 
by a sufficiently agile lay mind 

The defence of freedom 1s a central problem of our 
time, and it 1s not simply one of defence against 
aggression from totalitarian systems outside Sir 
Solly Zuckerman shows clearly how ıt arses from 
the nature of science itself, and from the impact of 
Science on society Any scientist or technologist who 
18 concerned about those changes and how they can 
be best avoided or mmumuzed will be led inevitably 
to think not simply about the association of scientist 
or technologist with government but about the pro- 
cess of government itself To such thinking both 
the books mentioned above offer some contribution 
in different ways they can assist m the under- 
standmg of the nature of admmustration and the 
hmitations withm which the administrator works , 
they indicate also the mind of the administrator and 
how it 1s tramed or formed, and they pomt to some 
of the ways ın which reform or developments are 
required if the task of government 1s to be discharged 
adequately to-day But, like Sir Solly Zuckerman’s 
address, they are primarily a challenge to the scientist 
or technologist to accept such responsibility to-day, 
and a stimulus to the creative thought by which 
alone that responsibilty can be discharged 


No 4681 


THE NEED FOR MARINE 
RESEARCH 


Living Resources of the Sea 

Opportunities for Research and Expansion By Dr 
Lionel A Walford (A Conservation Foundation 
Study) Pp xv+321 (New York The Ronald 
Press Company, 1958) 6 dollars 


r 19 more than sixty years smce the foundation of 
the International Council for the Exploration of 
the Sea, the avowed purpose of which 18 the accurnula- 
tion of knowledge necessary for the rational exploita- 
tion of marme resources m northern waters ‘There 
are now a dozen or more councils or commissions 
covering other areas of the world, including commis- 
sions limited to certam ammals, such as hahbut, 
salmon, tuna, and whales The fear of over-fishing, 
which has been the spur to the activity of the Inter- 
national Council, the Hahbut Commission, and other 
more recently formed organizations, has always been 
well to the fore in the minds of those concerned with 
the science of the sea The necessary research has 
been eoncentrated on the main northern fisheries, but 
now the demand to feed the under-nourished millions 
has focused attention on the sea as a whole as a 
possible source of protein 

At the request of the Conservation Foundation, 
Dr Lionel A Walford, chief of the Biology Branch 
of the US Fish and Wildhfe Service, was asked to 
explore the question ‘What scientific researches, 
apart from those which are m progress, would con- 
tribute significantly toward learnmg how to enlarge 
the yield of food from the sea ın answer to human 
needs ?" This has resulted m a useful book ın which 
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Dr Walford considers the problem from human and 
biological angles The major conclusion is that 
research must be extended mto those areas where the 
need ıs greatest, and where there 1s the most possibility 
of mereasmg the food supply where 1t 18 most lacking 
A number of interesting charts are moluded indicating 
the existmg mtensity of fishmg and research in 
different parts of the world, those areas of the sea 
which might be expected to be productive, and those 
on land where the need for food 1s greatest This 
survey umpresses on us that where the fisheries are at 
present most developed and exploited there hes the 
major effort of research The number of pertinent 
marine laboratories 1s now about 240 Nearly 90 
per cent of these are m the northern hemisphere and 
85 per cent north of latitude 20°N Thus, those areas 
m which the need for research 1s now greatest have 
least facilities to do so both ın material equipment 
and tramed personnel The problem is one both of 
research and development, and ib 1s not easy to do 
the former without the latter unless exploration for 
fishmg grounds 1s subsidized by governments 

It 1s thus both humanely and politically advisable 
that the countries most advanced m marine research 
should do their utmost to help the under-developed 
areas Since the Second World War fisheries research 
under the auspices of Her Majesty’s Colomal Office 
has added significantly to knowledge 1n certain areas, 
the US Fish and Wildlife Service has extended rts 
mvestigations into the oceanic pelagic fisheries, and 
the United Nations Food and Agriculture Orgamza- 
tion has helped m supplymg experts and supervismg 
trainmg But this effort should if possible be much 
increased, and every encouragement given to those 
who wish to do research that will add to our know- 
ledge of conditions m tropical seas 

Dr Walford’s book 1s not a text-book , 1t attempts 
to show where he the gaps im knowledge, and these are 
both large and numerous As a single example, 
what do we know of the probably enormous food 
potentialities avaiable m pelagic cephalopods 
which now constitute 60 per cent of the Japanese 
fisheries ? 

Marine resources are also not necessarily all of 
value as food, some may have medical value On 
our own planet there hes a whole world which we 
have only recently begun to study extensively. It is 
to be hoped that Dr Walford’s book may stimulate 
us to greater efforts. F S. RUSSELL 


ANOTHER DEBT TO DARWIN 


Index Kewensis 

Plantarum Phanerogamarum Supplementum Duo- 
deermum Nomina, et Synonyma Omnium Generum et 
Specierum ab Imtio Ann MDCCCCLI usque ad 
Finem Anni MDCCCCLV Nonnulla etiam antea 
Edita Complectens, Ductu et Consilio Georgn Taylor, 
confecerunt Herbaru Horti Regu Botanic: Kewensis 
Curatores Pp 11-+157 (Oxon E Prelo Claren- 
domano, 1959) 75s net 


I* this centenary year of the publication of the 
“Origin. of Species" biologists have very much m 
mind the debt that they owe to Charles Darwm It 
18 probable, nevertheless, that many of them do not 
remember that the meeption of ‘Index Kewensis” 
was due not only to Darwin’s perception of the 
necessity for such a work but also to his generosity 
m providing the funds 
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We might at this moment remember that the work 
was started under the supervision of Darwin’s great 
friend, J D Hooker, and has smce been supervised 
by subsequent directors of Kew and carried out by 
numerous able, but often anonymous, helpers 

“Index Kewensis" 1s taken so much for granted by 
plant taxonomists workmg with angiosperms that ıt 
1s often not fully appreciated ‘To anyone who has 
struggled, even briefly, with taxonomic and nomen- 
clatural problems m groups such as algae, where no 
such index exists, the lack of ıt 1s keenly felt and the 
value of a catalogue of names with places of pub- 
lication is soon fully reahzed It ıs interesting to 
note m this connexion that an ‘Index Muscorum” 1s 
due to be published shortly—another descendant of 
the original Darwinian idea 

"Index Kewensis", the twelfth qumquennial sup- 
plement to which has now been published under the 
duection of Dr G Taylor, supplies far more mforma- 
tion about flowermg plants and papers concerning 
them than might at first sight appear 

For example, in the five-year period between 1951 
and 1955 approximately 12,000 species of flowe1ing 
plants have been described This, after more than 
two centuries of taxonomic work m the post-Linnean 
period, 1s a staggering total and gives some measure 
of the umperfection of our knowledge of the dominant 
group of plants 

Tt ıs also easy to obtain from these Supplements 
references to important monographs and information 
about the geographical areas and the plant groups 
which have been the subject of special attention in 
the recent past, as well as the names of the workers 
concerned 

In conclusion, I may perhaps be allowed to repeat 
what has so often been said before ‘Index Kewensis" 
1s indispensable T G. Turin 


OPTICS: CLASSICAL AND 
MODERN 


Concepts of Classical Optics 

By Dr John Strong Pp xxu+692 (San Francisco 

W EH Freeman and Company, London Bailey 
Bros and Swmfen, Ltd, 1958) 950 dollars, 80s 


Ta is a very good book, and one of its best 
features 18 the care taken by the author to ensure 
that the student understands what is gomg on 
Mathematical treatment is kept to a mmimum, but 
where ıt 1s necessary we are not left to flounder , the 
author explains what he 1s domg by means of a sort 
of runnmg commentary, and even reassures us that 
although the solution we are after 1s buried in com- 
plication at the moment i6 1s gomg to emerge safely 
in a minute The only criticism here is that some 
simplification of the symbols used would lead to even 
greater clarity , for example, why was 1b necessary 
to use the symbol A for mass early m Chapter 1, only 
to announce, a few pages later, that “‘we now abandon 
this for ıts customary use, symbolizmg wave- 
length" ? 

The author also takes the trouble to expose and 
explam theoretical difficulties which are too often 
ignored A good example of this ıs the section on 
“No Diffraction, by Cornu’s Spiral”, m which the 
limitations of this construction gre pointed out, with 
the conclusion that ‘it affords the student an 
example of a typical theory in physics which has an 
impressive neatness, inspiring awe, which makes 
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necessary compromises, requimng prudence, which 
is blemished by a lack of complete validity, 1equirmg 
understanding" 

At first glance the most distinctive feature of the 
book 1s the character of the illustrations These are 
in the style one associates with the author’s well- 
known book on laboratory practice They have a 
freehand appearance, are pleasant to look at and are 
extremely clear, for example, the drawmgs in the 
section on double refraction, which ıs mherently a 
difficult subject to illustrate, are models of clarity 
What 1s even more important 1s that the drawings 
showing apparatus give one a good idea as to how ıt 
1s actually constructed—too often one’s first sight of 
the actual equipment comes as a shock after having 
seen only text-book illustrations It ıs only m some 
of the attempts to reproduce optical mages by means 
of sketches that actual photographs might have 
been better 

The book is described in the preface as bemg 
intended for an mtermediate course m optics, taking 
one or two terms This ıs a considerable under-state- 
ment of the ground covered, and the book should be 
valuable for much more advanced students and also 
for general reference purposes It m fact covers 
most of the physical optics required for an honours 
degree in physics 

Tho only real adverse criticism of this book concerns 
the price—£4—which 1s surely at least twice as much 
as most students would willingly pay for a single book 
This 1s to some extent offset by the seventeen so- 
called appendixes, which occupy nearly half the book, 
and are im effect a series of short monographs by 
specialists To quote the preface “‘these are intended 
to give the student the flavour of current activities 
and mterests m our field" The topics covered m 
this way moelude, among other things, interferometers, 
apodization, Fourier transformations and mterfero- 
metric spectroscopy, radiation detectors, micro-wave 
optics, wave theory of mage formation, lens design, 
fibre optics and filters One of the appendixes sup- 
phes some of the mathematical background assumed. 
in the rest of the book This ıs well done, and includes 
frequent attempts to make the student think—both 
by formal examples and by mterjected questions 
such as "(why ?)" or “(how do we know *)" after 
mathematical steps in the text J E GEAKE 


BLOOD GROUP METHODS AND 
TECHNIQUES 


Practical Blood Grouping 
By Dr F Stratton and Dr P H Renton Pp 
xxiv4-3314-16 plates (Oxford Blackwell Scientific 
Publications, Springfield, Ill Charles C Thomas, 
Publisher, 1958) 42s net 


VER the past fifteen years mass groupmg of 
blood donors and ante-natal cases has grown 
enormously, and of necessity special methods and 
techniques have been evolved to meet an entirely 
new situation 
The authors of this book, faced with the alternatives 
of deseribimg a multipheity of methods, or confining 
themselves to those known and well ted m their 
own laboratory, have wisely chosen the latter 
Not all would agree that the papain shde test 
offers substantial advantages over existing (and 
equally well-tried) techniques, for example, tube 
testmg Even if some small advantage could be 
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demonstrated, the disorganization which would 
follow a drastic change to a new technique would 
carry inherent dangers, probably outweighing any 
benefits likely to result 

Nevertheless, 16 1s always of value to study methods 
which have proved satisfactory over a number of 
years, and many pathologists engaged in this work 
will be most mterested m a method which has satisfied 
such critical observers as the wiiters 

In the section dealing with ante-natal grouping, 
the possible alternative to the current practice of 
ABO and Rh(D) screenmg, with the customary 
follow-up of the Rh(D) negatives, is attractive from 
the point of view of economy m laboratory working 
It might, however, be difficult to convince clinicians, 
and particularly obstetricians, that this economy at 
the expense of ther advance knowledge of their 
patients’ groups would be justified It is certam that 
they would argue, as 1s foreseen by the authors, that 
obstetric emergencies would not be so well covered 

It would seem that the writers themselves have 
not adopted this possible alternative in ther own 
practice, having doubtless explored the possibilities 
and the difficulties which ıt would entail 

An interesting and mformative chapter on cross- 
matching difficulties encountered in ther own 
laboratory (p 237) was found to be slightly con- 
fusmg For example, of the 2,967 cases mvolved the 
donor’s blood was not of the ABO group as stated 
on the bottle in two cases 

Without knowmg the total number from which the 
2,967 are selected the two wrongly labelled bottles 
may or may not represent a much higher proportion 
of error than ıs considered unavoidable m an earlier 
chapter 

In any event, some explanation of how these two 
bottles escaped the rigid checks and cross-checks, 
described im detail m Chapter 7, where the combined 
manipulative and serological sources of error are 
calculated at 1 m 43,000, would be helpful 

Two mistakes of this nature, picked up on cross- 
match, might represent a total of four such errors m 
the series, since bottles wrongly labelled O would 
escape detection by this final cross-matching check 

Minor points, such as these, and the confusion in 
the description of the anti-U antibody (p 281) must 
not be allowed to detract from the value of this 
book The subsequent editions, which will assuredly 
be demanded, will provide opportunity for elucidation 
and correction 

The bibliography ıs comprehensive and indicates 
the degree of care that has been taken m providing 
a manual which should appeal to pathologists, tech- 
nicians and indeed to all engaged 1n blood transfusion 
work R A ZETTLIN 


SCIENCE AND THE HUMANITIES 


History and Philosophy of Science 
An Introduction By L W H Hull. Pp x1+340+ 
16 plates (London and New York Longmans, 
Gieen and Co, Ltd, 1959) 25s net 


S HIS is not a detailed history of science It 

tries to bridge the gap between science and 
the humanities by considermg scientific ideas in a 
context of history and philosophy " In these words 
the author describes the object of his work Few will 
deny the existence of the gap, or the need to buidge 
it, and a book of this nature should be welcomed, on 
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one hand, by those whose traming and background 
have led to an emphasis on technology, and on tho 
other, by students of the humanities who seek to 
understand the vital contribution of science to 
human thought The general reader also will find 
the author's approach both interesting and stimu- 
latmg, he anticipates the criticism that “most 
readers will, no doubt, find too little about some topics 
and too much about others” He pomts out that 
before the spread of evolutionary ideas the influence 
of biology seems scarcely comparable with that of 
mathematics and the physical sciences 

The book opens with a review of ancient science 
covering thiee periods tho first fiom the begmnmgs 
of science until the 11se of Athens after the Persan 
wais, the second until the Macedonian conquests 
of the fourth century Bc , the third period takes 
the Alexandrians as its theme This review 1s com- 
prehensive in relation to the hundred pages allotted 
to 1t, and makes interesting and instructive reading 
Chapter 4 carries the story through the period of 
the Middle Ages, with some reference to Arabic 
contributions 

In the two following chapters, celestial geometry 
and celestial mechanics are very adequately surveyed 
from the time of Copernicus to that of Newton With 
such fundamental changes in ideas concernmg the 
universe, 1b 1s appropriate that a chapter is devoted 
to “Changes of Outlook and Method", and this con- 
stitutes one of the most valuable parts of the book 
A separate chapter deals with other scientific de- 
velopments in the sixteenth and seventeenth cen- 
turies, such as the phenomenon of light, and attention 
18 directed. to the philosophical thought of Berkeley 
and Hume 

The chapter “The Nmeteenth Century and Evolu- 
tion’ mtroduces the reader not only to Darwmian 
theory and its implications but also to 16s significance 
in the development of thought In an “Epilogue” 
which includes the theme of twentieth-century trends, 
the author gives a warning which 1t 18 to be hoped, 
in the mterests of both science and the humanities, 
will not fall on deaf ears “It ıs urgently necessary 
to restore the unity of mtellectual hfe Unless we 
do so, we shall soon lose what is best in Western 
civilization ? H D AwrHONY 


INDIAN PREHISTORY 


The Pre-historic Background of Indian Culture 
By D H Gordon (Sponsored by Bhulabhai Memorial 
Institute) Pp xi4-199 4-32 plates (Bombay M D 
Desai, 1958 Distributed by N M Tripathi (Private), 
Ltd, 1958) Rs 20 


N'TIL recent years the study of the archeology 

of the Indian peninsula has woefully lagged 
behind that of some other paits of the world 
Especially 18 this so m the case of its prehistory It 
is true that isolated finds of stone implements have 
been made from time to time durmg the past one 
hundred years—and in this connexion the name of 
Bruce Foote m Madras has an honowed place—but 
it is only recently that ıt has become possible to 
piece togethe: an overall picture of the successive 
cultural phases ın India, and even now the gaps in 
our knowledge are more than numerous The subject 
18 complicated since India seldom presented a uniform 
picture Even in very early times the Madras area 
formed part of the vast Chelleo-Acheulean complex, 
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while the northern regions belonged to another and 
distinct province which included the early stone- 
age cultures of Burma and south-east Asia Most of 
the worthwhile investigations have, until recently, 
been undertaken by non-Indians, but nowadays 
highly trained investigators like Dr Sankala and 
his colleagues have come into the field and are making 
important explo.ations But there is so much to 
be done im the field that there 1s little opportumty 
for these mvestigators to stand back, as 1t were, and 
give a general report of what has so far been pieced 
together of the ancient history of ther fasematmg 
land It ıs here that Colonel Gordon steps in 

Gordon has seived, travelled and explored in 
India for thirty-two years and himself has undertaken 
not a few mvestigations, and he knows as much 
about the rock-shelter pamtings of the Central 
Provinces as any man alive But in the volume under 
review he has set himself the task of attempting to 
see the archzology of India as a whole and to make 
available for students the latest 1deas on the subject 
Geographically, India is a large and varied country, 
and just as the cultures are not, and never have been, 
uniform throughout, so the climate differs m different 
areas and has differed greatly m past ages A brief 
study of elumate changes must necessarily be con- 
sidered first, and then the earhest stone age cultures 
ean come under review The later stone age cultures 
are next dealt with, and here ıt must not be forgotten 
that m some regions these seem to have continued 
until quite a late date , indeed some of the Megahthic 
tombs and polished stone axes have been dated as 
late as the third century B © A chapter on the peasant 
potters of Makran, Baluchistan and Sind follows, 
and this naturally leads on to a discussion of the 
eivilization of the Indus valley Thanks to Sir John 
Marshail’s work and the excavations at Mohenjo-Daro 
and other sites, a great deal has come to hght of 
recent years, and this fascinating civilization has 
become comparatively well known The period of 
mvasions and the rock pamtmgs and engravings are 
then dealt with, and ın conclusion there are chapters 
on the ‘Dark Age’ stone and copper cultures, leading 
to & chapter which carries on the story to the threshold 
of history and to the use of mon 

Colonel Gordon has done his job well It must not 
be expected that m one small volume the student 
will find detailed studies of the archeology of the 
whole of India But the selections made are judicious 
and the result does give a connected picture of the 
past There are a number of full-page illustrations 
at the end of the volume and plenty of maps, tables 
and text figures M. C BunkrTT 


FLUID SYSTEMS 


Chemical Engineering Practice 
Edited by Herbert W Cremer and Trefor Davies 


Vol 6  Flud Systems II Pp vu + 600+ xx 
(London Butterworths Scientific Publications , 
New York Academic Press, Inc, 1958) 958 , 


13 30 dollars 


HE latest volume m this series covers a very 

wide range of chemical engmeering operations, 
although for convenience the editors have labelled 
the volume “Fluid Systems II" There are fifteen 
chapters covering gas absorption, fluidization, lique- 
faction and fractionation of gases, adsorption, leach- 
ing, crystalhzation, colloids, filtration, sublmmation 
and the practice of evaporation Dr Norman and his 
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colleagues from Manchester have written two chapters 
on the prinerples of gas absorption and the character- 
istics of packed-column absorption towers The first 
chapter 1s excellent, not only for those in universities 
and technical colleges but also for all who are con- 
cerned with gas absorption The second chapter, 
though good, lacks a little of the practical touch 
one would have liked The chapter on evaporation 
practice by Mr Watkins from King’s College, London, 
assisted by Mr Macmurray from Scott and Son and 
Mr Forker from the Dupont Company, 1s very read- 
able and covers the usual types of units More atten- 
tion might have been given to the actual size of units 
and some of the practical problems associated with 
operatmg evaporators would have been appreciated 

The chapters on fluidization by Dr Botterell from 
Birmingham and Mr Turner from British Petroleum 
are excellent, and will be looked at very much as 
mdicating the position with this relatively new 
technique, which offers so much promise of further 
development In the same way the chapters by 
Dr Gardner of British Oxygen Co , Ltd, and by Mr 
Pasteur of J and E Hall are welcomed as showing 
the real problems and successes of low-temperature 
technology Low-temperature gas separation 18 
Still a new technique but most challenging as a techni- 
cal process 

Prof Donald has given an interesting account of 
leaching, including one or two references to history 
which are lacking from the other chapters One 1s 
left with the 1dea that operations of such long standing 
are not yet carried out with very elegant equipment 
and there must be room for improvement here The 
chapter on the principles of filtration 1s also written 
by Prof Donald 

Dr Mulbn from University College, London, has 
written the chapters on crystallization, centrifuges, 
and colloid science These are all difficult subjects 
and one would certamly have liked more on the practi- 
eal difficulties of contmuous crystallizers. We cannot 
learn from these chapters the physical size of units 
for definite capacities and there are many unresolved 
problems in the production of true regular crystals 

Mr Salter, from Dorr-Oliver, and Mr Hosking, from 
L. A Mitchell, have grven a clear statement of the 
variety of filters and the method of selection of equip- 
ment Their section on accessories Such as pumps 
and blowers for vacuum filters is a real attempt to 
size up these important auxilaries One cannot 
help feelmg that some of these units have had their 
day and are a bit crude, some pruning of variety 
might have been suggested by these specialized 
authors 

This book enables one to see the range of processmg 
problems which are now regarded as the province of 
the chemical engineer It ıs not surprisg that in 
his relatively short history there are many untidy 
edges to his work Apart from selectmg the right 
type of unit there 1s a definite degree of uncertainty 
as to the abihty of the engineer to scale-up such 
plant satisfactorily 

The book will be welcomed particularly as ıt pro- 
vides a discussion of the work m quite a number of 
fields which have not been adequately covered before 
in the British literature 

Mr Cremer has written a foreword to the volume 
1n. which he refers to the untimely death of the former 
managing editor, Mr Trevor Davies Mr S B 
Watkins, head of the Chemical Engmeermg Depart- 
ment at King’s College, London, has taken up the 
work J M Courson 
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Basic Electricity 

(A Course of Trauung Developed for the United 
States Navy by Van Valkenburgh, Nooger and 
Neville, Inc Adapted to British and Commonwealth 
Usage by a Special Electronics Tramimg Investigation 
Team of the Royal Electrical and Mechanical Engin- 
eers) Part 1 Pp vi+127 Part 2 Pp vi+121 
Part 3 Pp vi+122 Part4 Pp vi+104 Part 5 

Pp vwitll7 (New York The Brolet Press, 
London Technical Press, Ltd , 1959.) 12s 6d net 
per part, 55s net the set 


HIS five-part course, aimed at trammg tech- 

means rather than electrical engmeers, i8 dis- 
tinguished by the simple language of its text and its 
concentration on essentials It is illustrated to an 
extent that makes ıt (or at least the first two parts of 
1b) qualify as a visual aid as well as a text-book The 
cartoon-like artistry 18 a httle florid—the sort of thing 
one might associate with "Jane" but not with “Fight- 
ing Ships”, and the gomg seems slow, by ordinary 
teaching standards, m the early stages It soon 
becomes evident what the authors are up to—using 
the same technique as the creators of the Lr] Abners 
and the purveyors of branded goods, to set up an 
image and attract a loyalty to it, the image bemg 
that of the electron I have no doubt that the early 
parts would be highly successful ın brmgmg people 
who would not normally gam a great deal from the 
printed word to a really sound understanding of the 
fundamental piimerples, and simple cireuts and 
meters The last three parts use the artist m a much 
more quantitative kind of way The usual work on 
alternating current, ac  omcurs, and electrical 
machinery is done with the mmmum of algebra , 
but every important result is explamed and illus- 
trated with the help of vector diagrams and graphs 
These parts, m fact, are a very well-concetrved text- 
book of the orthodox type, and contam some new 
ideas for expoundmg the more difficult pomts, which 
are never shirked Instructions for experiments are 
given, with a list of apparatus needed to work through 
them The really exacting part of instruction at this 
level 1s m makmg the initial contact with the pupil 
The originality and skill that have been lavished on 
the early stages of the course should ensure for 16 a 
very high contact potential G R Noakes 
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The Strategy of Chemotherapy 

Enghth Symposrum of the Society for General Micro- 
biology, held at the Royal Institution, London, 
April, 1958 Edited by S T Cowan and E Rowaitt. 
Pp 1x+360 (Cambndge At the University Press, 
1958  Publhshed for the Society for General Miero- 
biology ) 35s net 


i Bees symposium shows what a complex field of 
research has developed from Ehrhch's pioneer 
work on the use of specific substances to attack 
Inicro-organisms in the tissues without damage to the 
host The organizer mvited contributors to suggest 
fresh methods of attack and the result was a series 
of papers of extreme diversity m approach, techniques 
and objectives They were given by the mucro- 
biologist, the pharmacologist, the biochemist and 
physical chemist, and melude such fundamental 
conceptions as membrane penetration, bacterial cell- 
wall synthesis and energy-supplymg reactions, 
wherem tho research worker is endeavourmg to 
discover some subtle difference m the components of 
host and parasite which may be exploited to the 
detriment of the latter At the other end of the scale 
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are the frankly empirical mass methods used so 
successfully m the production of the antibiotics and 
other synthetic drugs, but without any fundamental 
explanation These random methods still offer 
probably the greatest chance for further production 
of new compounds and therefore have them place in 
the field of chemotherapy, but the symposnim does 
emphasize the necessity for the combmed operations 
of each type of research worker 1f chemotherapy 1s to 
have a logical basis of development and not be, as 
one worker defined it, dependent upon mtelhgent 
guesswork H Berry 


The Native Pinewoods of Scotland 

By Prof H M Steven and A Carlisle Pp xvi+ 
368+20 plates (Edmburgh and London Oliver 
and Boyd, Ltd , 1959) 63s net 


HIS beautifully produced book will be a welcome 
occupant of the bookshelves of many students of 
Scottish history and natural history The subjecte 
matter 1s both broader and narrower than the itle 
might suggest—broader m so far as the authors 
diseuss much relatmg to the general history of Scottish 
forests and to the relationships of pmewoods to 
woodland of other species, narrower 1n so far as some 
features of the pmewoods recerve particularly detailed 
treatment 
The authors trace the history of Scottish woodlands 
from the Pleistocene period onward through historic 
times, collatmg and summarizmg an immenso amount 
of evidence from geological, palynological and archzeo- 
logical sources which has never before been brought 
together They pass on via a very general ecological 
account of the pmewoods to a systematic description 
of all the known surviving examples of woods which 
are with reasonable certamty composed of naturally 
regenerated indigenous pine Carefully prepared 
maps accompany the descriptions, and show the exact 
distribution of pme and of other Species of trees m 
the neighbourhood of the pinewoods This portion 
of the book is noteworthy for copious historical 
information which has been gathered together from 
estate records, early maps, accounts by travellers, 
ete An account of Dr Carhsle's study of the mor- 
phological variation of pme m Scotland concludes 
the book 
A fine series of photographs illustrate the book I 
have noticed only one trivial misprmt The book 
should form a valuable foundation for further 
ecological work m our western outposts of the 
European boreal conifer forest, which have so long 
attracted British naturalists E W Jonzs 


South African Animal Life 

Results of the Lund University Expedition ın 1950- 
1951, Vol 5 Edited by Bertil Hanstrom, Per Brmok 
and Gustaf Rudebeck Pp 520 (Stockholn 
Almqvist and Wiksell, 1958 ) 75 Sw kr 


Vo 5 of this series of publications contams 
accounts on Porifera, Crustacea, Drplopoda, 
Diptera, Hemiptera and Coleoptera Six chapters 
each on the Hemiptera and Coleoptera make up the 
bulk of this volume As m earher volumes the 
taxonomic treatment 1s amplified by zoogeographical 
accounts, and frequently the general accounts are not 
restricted to the description of the Lund collections, 
but bring them into relationship with other material 
For an assessment of the scope and general merit of 
this series the reader 1s referred to an earher article 
1n this journal (Nature, 180, 56, 1957) 
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Inside the Living Cell 

Some Secrets of Life By Dr J À V Butler Pp 
174--16 plates (London George Allen and 
Unwin, Lid, 1959) 21s net 


RJ A V BUTLER’S former book, “Man 1s a 
Microcosm”, was reviewed enthusiastically in 

these pages some years ago The scope of the present 
work 1s much wider, quite apart from the fact that 
many parts of the subject have advanced radically 
in. the past few years 

The author describes in straightforward language 
many of the great advances which have been made 
during the past ten years m our knowledge of the 
mechanisms which operate within living cells These 
include not only the ways 1n which food materials are 
taken and transformed mto protems, nucleic acids 
and other constituents, but also the way m which the 
ability to make all these 1s transmitted from genera- 
tion to generation In these processes we come very 
near to the basic mechanisms of life itself In addition 
to his excellent account of the normal behaviour of 
cells the author discusses neoplasms and other abnor- 
malities caused by ionizing radiations, those which 
seem to occur spontaneously and those which are 
caused by chemical earemogens 

Later in the book some abilities of specialized cells, 
such as those which form muscles and nerves, are 
dealt with, and an account 1s given of the immense 
structures which living cells achieve m the higher 
animals and finally in man 

Altogether the reader 18 given some idea of what life 
has achieved, first, m reachmg the level of the cell, 
and secondly, m elaborating great assemblies of cells 
in the higher forms of hfe Fmally, the author 
discusses the causes and significances of agemg and 
death, and the meaning of hfe ın the world of atoms 

Throughout, the work is informed by the omgmal 
work and thought of the author The book 1s beauti- 
fully produced in every way The illustrations are 
particularly good and imelude photomicrographs 
such as those by D A Sholl of nerve cells m the visual 
cortex, and by R W G Wyckoff of bacteriophage 
The book can be recommended warmly to many 
classes of reader Most of ıt should appeal to the 
educated adult and ıt will be mvaluable for the general 
reading of a good science sixth former, or university 
undergraduate W L SUMNER 


Organic Syntheses 

An Annual publication of Satisfactory Methods for the 
Preparation of Organic Chemicals, Vol 37, 1957 
Edited by James Cason Pp vu-+109 Vol 38, 
1958 Edited by John C Sheehan Pp vu + 120 
(New York John Wiley and Sons, Inc , London 

Chapman and Hall, Ltd ) Each 32s net 


MONG the 32 compounds for which preparative 

methods are described m Vol 37 are benzofurazan 
oxide, érans-2-dodecenoic acid,, glutaric acid and 
glutarmmide, norbornylene, parabanie acid, and a- 
tetrahydro-«-naphthol , and the 31 preparations of 
Vol 38 include diphenylacetaldehyde, hendecane- 
dioic acid and several related compounds, monobenzal- 
and monobromo-pentaerythritol, monovinylacetylene, 
trans-stilbene oxide, and 2-vinylthiophen Bach 
volume has a cumulative mdex extending back to 
Vol 30 Four enclosed leaflets direct attention to 
explosions that have been experienced m preparmg 
ethyl azodicarboxylate, methoxyacetylene, and o- 
toluamide, and ın stormg p-tolylsulphonylmethyl- 
nitrosamide JOHN READ 
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Trends in Birth Rates in the United States since 
1870 

By Bernard Okun (The Johns Hopkins University 

Studies m Historical and Political Science, Series 

76, No 1) Pp 203 (Baltunore Md The Johns 

Hopkms Press, London: Oxford University Press, 

1958) 350 dollars, 288 


HIS monograph consists of three essays The 

first two discuss the secular trend of the declin- 
ing birth-rate m the White and Negro population 
of the United States, respectively The method used 
1s an. analysis of fertility indices (the ratio of children 
to the total population, and the ratio of children to 
women of reproductive age) m different States of the 
USA The discussion will be of mterest mainly to 
the specialist m demography, and adds little to what 
is already available in the monograph by Grabill, 
Kaiser and Whelpton, who have surveyed the material 
m much greater detail The third essay, however, 18 
of more general interest Here Dr Okun surveys the 
hypotheses and approaches used in explamung birth- 
rate trends, and attempts a classification and an 
assessment of the methods that can be used to test the 
hypotheses No very definite conclusions emerge, but 
the essay 18 a useful summary 


The Structure of Glass 

Proceedings of a Conference held at Leningrad, 
November 23-27, 1953 Translated from the Russian 
by E B Uvaroc Pp u+295 (New York Con- 
sultants Bureau, Inc , 1958) 20 dollars 


HIS translation was sponsored by the Glass 
Division of the American Ceramic Society and the 

National Science Foundation with the expressed 
object of providing a general look at the status of 
glass science in the USSR, and admurably does it 
fulfil its purpose The fact that this conference was 
attended by more than 500 delegates from twenty- 
eight towns of the Soviet Union 1s itself impressive, 
and conveys unmediately an idea of the large scale 
on which research in this field 1s bemg conducted 

As a report of a conference the volume 1s excellent , 
the printed discussion is particularly lively, and 
occupies 70 pages, 42 papers were communicated 
to the conference and these account for 228 pages of 
the volume Remembermg that the conference took 
place five years ago 1t would appear that at that time 
there was no great difference between the topics bemg 
discussed m the USSR and m Western errcles 

It would be easy to dismiss the discussion as bemg 
concerned too much with semantics and to criticize 
some of the ideas put forward However, examples 
of similar ideas and arguments aie well sprmkled 
through the literature The geat argument of the 
conference was on the rival merits of the ‘random 
network’ theory of glass structure and the ‘crystallite’ 
theory The proponents of the crystallite theory 
attacked their opponents on the ground that the 
randomness was not complete, while them own 
definition of ‘crystallite’ was hedged by sufficient 
qualifications to make ıt clear that the majority of 
them did not mean that term to imply anythmg 
that could properly be described as a crystal 

Perhaps the farrest summung-up 1s that here there 
is realization that the network theory of glass 1s only 
a first approximation—a view which 1s ieceirving 
increasing emphasis at the present time 

The translation was well worth while, and all 
interested m the physics and chemustry of glasses will 
enjoy reading the book R W Doveras 
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LIBERTY IN AN AGE OF SCIENCE” 


By Sir SOLLY ZUCKERMAN, CB., FRS 


Department of Anatomy, University of Birmingham Medical School, Birmingham 


I5 two or three decades ago, one had spoken of 
science and hberty in the same breath, the 
emphasis would have been different from my present 
theme ‘That period was the era 1n which the social 
function of science was a central issue of debate, and 
15 culmmated ın the almost total mobilization of the 
scientific forces of our two countries during the 
Second World War This War was the turning pomt 
Where previously scientists were seen, according to 
the interests of the observer, eibhei as dedicated 
scholars, or as the source of mvention, or as the 
technical guardians of the social services on which 
an urban civilization depends, to-day they also 
appear m a number of new guises—as the backbone 
of national defence , as pioneers of outer space , and 
even as the counsellors of presidents and prime 
ministers. 

The world has come not only to recognize but also 
to insist that science has a social function , but, not 
all the world There have always been those who 
have questioned whether the democratic way of lfe, 
and a life of liberty, can survive the stresses of rapid 
economic growth, and as the hazards of our century 
mount, their numbers are being reinforced by others 
who are fearful lest all society becomes a victim of 
the forces that have been unleashed ın our present 
scientific ago — "The scientists think they are God,” 
one exclaims, “they want to remake the universe, 
and we pay the pree for ther mad ambition "' 

This 1s no lonely voice, and 16 13 one that has been 
heard before Long before the days of artificial Earth 
satellites, long before the era of nuclear weapons, 
George Gissmg wrote “I hate and fear science 
because of my conviction that for a long time to 
come, 1f not for ever, ıt will be the remorseless enemy 
of mankind , I see 1t brmging a time of vast 
conflicts, which will pale into insgnufieance the 
thousand wars of old and, as likely as not, will over- 
whelm all the laborious advances of mankmd m 
blood-drenched chaos ” 

But what science 1s this that ıs the enemy of 
mankind? Surely not the pure thought or theory 
which enhances man’s understanding ? It 1s well to 
consider out of what confusion it is that science 
presents this ommous look 

The cultivation of science, by which we mean the 
quest for new natural knowledge through controlled 
and reproducible observation, can be treated as an 
endeavour which 1s either personal and private, or 
social and public But however pure or personal may 
be the object of acquirmg a scientific understanding 
of the universe in which we have our berg, science 
mevitably becomes social or publie not only because 
there can be no awareness of the existence of a new 
scientific idea until 16 ıs communicated from one per- 
son to another, but also because pure science fre- 
quently turns out to be basic to some practical 
development—to some piece of apphed science—or 
to some convention of thought, which then starts 


* Substance of the address delivered at the Sixty-fifth Commence- 
ment Exereises of the Califorma Institute of Technology on June 12 


transforming the environment withm which i6 was 
distilled So it1s that pure science and apphed science 
have progressed hand-m-hand over the years, the 
pure fer&hzimg the apphed with ideas, and the 
apphed often providing the pure with the physical 
apparatus to help m the next imtellectual leap 
forward 

This process has been a major factor in the pro- 
gressive replacement of superstition by rational 
theory And as Condorcet—that great French scen- 
ust of the latter half of the eighteenth century who 
was so powerful a protagonist of human digmty and 
freedom— wrote “The progress of the sciences 
ensures the progress of the art of education which 
in turn advances that of the sciences’’—a reciprocal 
operation which he did not exaggerate by describmg 
“as one of the most powerful and active causes 
working for the perfection of mankmd” 

Man’s evolution has also meant the contmuous 
transformation of his social mstitutions through the 
directed application of pure scientific knowledge We 
talk to-day of hving in a new age of science, of a 
world in the throes of a new scientific revolution 
but there 1s nothmg new about this revolution except 
its speed and its greater hazards Science has always 
revolutionized society, ever smce some basic dis- 
coveries in animal husbandry and crop cultivation 
made 16 possible for nomadic life to give way—ten to 
twenty thousand years ago—to permanent village 
settlements, and so to the diversification of labour 
and the beginning of trade 

The transformation of society by scientific dis- 
covery and application has contmued ever since, 
sometimes so slowly that decades pass before the 
historical record reveals much change, sometimes as 
at present, with ever-mounting force While 16 could 
be argued that the technical advances of the past 
ten to twenty years transcend those of the rest of 
human history, that the speed with which new 
discoveries are disseminated and applied is now un- 
precedented , that the political and econom:e con- 
sequences of all this scientific activity will prove far 
more profound than those which resulted from past 
epochs of discovery , there 1s nevertheless no mme- 
diate reason to suppose that the social process which 
18 involved in to-day’s scientific revolution 1s different 
in kind from what was entailed m previous phases 
of rapid change 

If we are to understand the confused position m 
which the layman and the scientist now stand m 
relation to each other, we need therefore to examune 
certain features which characterize the growth of 
scientific knowledge, and also some which relate to 
108 present impact on social affairs 

What, first, do we mean by the need for academic 
freedom as ıb apples to the pure scientist ? One 
means not only the freedom to investigate those 
problems which one seeks oneself, but also the fact 
that significant advances m scientific knowledge can- 
not be ordered by decree Every act of creation 
requires its special freedom While our theories of 
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thermodynamues, of relativity, or of natural selection, 
undoubtedly had their antecedent relations, no one 
could have predicted, before 16 actually occurred, 1f, 
and how, and when any of these major advances m 
our scientific understanding was to have taken place 
Nor would ıt be possible to force a scientist to make 
this or that specified discovery For example, genius 
though he was, no one could have prevailed upon 
Charles Darwm, say, m 1830 when he was twenty 
years old, to anticipate the basic genetic law revealed 
by Gregor Mendel thirty-five years later One can 
employ special measures to encourage this or that 
branch of science One can provide the conditions 
in which pure science flourishes, by multiplying the 
opportunities which make ıt possible—the unver- 
sities, the laboratories, the freedom from other 
responsibilities But having done these things, one 
can only then wait to see what emerges One 
cannot m advance specify the shape and content, 
or determme the possible impact of what 1s not yet 
known. 

Bemg unpredictable, 15 follows that the un- 
trammelled emergence of new scientific ideas is not 
compatible with any restramt on the liberty of the 
scientist to roam where his fancy leads Indeed, 
once the growth of any set of scientific ideas becomes 
constramed, 15 stands ın danger of becommg obstruc- 
tive dogma A vahd scientific hypothesis 1s never more 
than the best statement which, for the moment, can 
be made of the relations of the matters to which ıt 
refers, and should be swept away as soon as a better 
one emerges 

The growth of science thus necessitates freedom, 
even the freedom to be revolutionary How then 1s 
stability to be achieved m a world in which science 
has so great an mnpact ? How does science become, 
as 15 has often been described, the servant and the 
handmaiden of freedom ? 

One's immediate answer 1s that smce economie and 
muhtary power are to-day proportional to the degree 
with which scientific knowledge 18 explorted, science 
is the defender of the ideal of freedom on which 
Western democracy rests In a more particular sense, 
as many have pomted out before, the applications 
of science have also provided the apparatus which 
has made central government powerful 

But surely science 18 m these respects no more the 
servant of the democracies than of the authoritarian 
regimes poised agamst them, and of the philosophical 
and political concepts on which they, ın turn, are 
based In a world of conflicting power, science 18 
both the arsenal and instrument of power—but 
science qua science 18 always 8 neutral arsenal and a 
neutral instrument 

We cannot invest pure scientific knowledge with 
any inherent moral direction That is umparted by 
the way science 18 used, and we can be certam, there- 
fore, that all sides m the present world struggle will 
use science and technology m the achievement of 
their respective national aims, and also in whatever 
efforts they may make to narrow the ever-widening 
gap between the developed and under-developed 
territories of the world 

My first mam pomt, therefore, 15 that while the 
growth of fundamental scientific knowledge necessi- 
tates complete freedom. from restraint, science 18 not 
uniquely associated with the preservation of freedom 
either in the personal or social sphere 

But there 1$ a deeper issue underlying the 1elation 
of science and freedom Let me first define the sense 
that I propose attaching to the concept of freedom 
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or liberty, which both m isolation, and as the ideal 
which anımates democracy, has always been a major 
concern of philosophical discussion 

By fieedom I mean here the liberty an individual 
enjoys after the mfinrte number of degrees of freedom 
which are open to him m the abstract have been 
reduced by, say, the give-and-take of social life, stall 
leaving a vast area of choice withm which he could 
either engage in, or desist from, any particular 
activity lt was essentially 1n thus sense that the great 
utilittarians of the mdustrial revolution—Bentham, 
John Stuart Mill and others who jomed them m the 
battle for justice—concerved of freedom m the ideal 
society—a society which is governed by common 
consent for the common good , 1n which the greatest 
number enjoy the greatest happmess , Jn which there 
is equality of suffrage, and in theory, at least, m 
educational and economic opportunity, and m which 
laws and institutions, regulatmg the behaviour of 
individuals, are there because the unlimited exercise 
of one man’s hberty would mevitably impose re- 
strictions on that of his fellows 

Tt 1s essentially in this social sense, however 
‘negative’ ıt may be, that liberty 1s imphed in the 
proposition. that science 1s 1ts handmaiden Science 
may, of course, well be the handmaiden of equality 
in the economic sphere, given, of course, the right 
pohtical institutions But 1s the proposition true in 
the philosophical sense of the term ‘hberty’, whether 
in relation to the concept to which I am directing 
my observations or to any other 1dea of liberty which 
philosophers have exammmed ? Can ıt be true of the 
actual environment withm which we exercise our 
freedom—an environment which 1s not some un- 
real stratosphere peopled erther by abstract shadows 
of human bemgs o1 of social groups ? Surely our social 
environment 1s a real one which 1s constantly bemg 
transformed by new scientific ideas, and by the 
application and practical development of these ideas 
This transformation constitutes more than a process 
whereby men are conditioned in them thoughts and 
actions Whenever some major development 1s 
pursued, for example, the development of machines 
based on steam, 1t means that some other path that 
potentially mught have been followed was not 
followed A maternal civilization of motor-cars, of 
radio, of synthetic fibres, of nuclear power 1s not 
necessarily the only form a material ervilization 
might have taken But now that ıt has taken 
that shape, ıt helps define for us ihe content and 
boundaries of the area within which we exercise our 
freedom 

Laberty, in the sense I am using the term (and I 
beleve to most political philosophers), means the 
power to act freely within the compass of the institu- 
tions which a people may set up m the exercise of 
them sovereign power, which mnphes their right to 
act as they think best as a collective body and 
which, according to legal theory, "1s not restramed ın 
any way except by the lmutations inherent in human 
natwe” It 1s wrelevant here that the exercise of 
democracy may not infrequently depart from its 
ideals , or that the stitutions which had to be set up 
to preserve the hard-won freedom of modern times 
may themselves have eroded the p inciples they were 
meant to preserve The point I wish to make 1s that 
science, though its practical impact, is to an m- 
creasing extent, almost to a dommant extent, determ- 
ming the way the presumedly uninhibited sovereign. 
power expresses itself Because of 1ts achievements 
in elimmating disease and alleviatmg pam, through 
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the food and wealth ıt has brought, most people to-day 
prefer to regulate them lives m accordance with 
scientific discovery rather than m any other way In 
that sense they are piepared to constram them 
abstract liberties m accordance with what science 
unfolds, and the riches ıt brmgs Is the choice, we 
may ask, conscious? Can we know for what ıb is 
we are opting’? Hobbes, like other philosophers, 
found liberty consistent with necessity Is liberty 
truly consistent with necessity, when necessity 18 
determined by science? Is the sovereign power 
consciously deciding to develop this or that scientific 
discovery, and so to determine social development 
in this or that direction ? Or is ıt merely adaptmg 
itself as best 1t can to what comes out of Pandora’s 
scientific box ? 

The answer to any of these questions 1s 1nevitably 
bound up both with the constramts and unpredict- 
ability of any new major scientific advance Of course, 
there are always certam fields of science which are 
more popular and better supported than others 
Scientific knowledge never develops evenly over the 
whole potential field of knowledge But im so far as 
scientific activity 1s im general confined by past dis- 
covery to certain areas, so is our abstract liberty, 
in effect, constrained Furthermore, im any field of 
science, several alternative courses of action might be 
pursued m search for & solution to a problem In 
choosing any one of them, the 1esearch worker may 
deny hunself, and others, the opportunity of pursuing 
another There is also the mcreasmg complexity of 
the scientific knowledge which ıs now bemg trans- 
formed mto new remedies, new chemucals, weapons- 
systems, and so on The facts which these days 
transform our lives become more and more difficult 
to comprehend, and on occasion are still not fully 
decided when they are apphed If this were not so, 
would there still be debate—I choose the most 
urgent example of all—about the hazards associated 
with radioactive fall-out ? 

Above all 1s the fact that the nature and magnitude 
of potential discovery cannot be defined m advance , 
any more than can its rmpact on our social lives As 
de Tocqueville wrote ‘We entrust ourselves to the 
future, an enlightened and mmpai tial judge—but one 
who sits, alas, always too late" 

Faraday, Hertz, Curie—what could they have 
known of the ultimate uses to which their discoveries 
would be put m the field of electric power, radio 
and nuclear energy, or of the social and political 
consequences of their uses We ourselves, yeais later, 
cannot tell what these consequences will be Can 
we, to refer to just one more vital question out of 
many new ones this scientific age 1s generating, com- 
mit ourselves now to more than arbitrary views of 
the possible political consequences of the elimmation 
of disease and of its complementary change, the 
explosive growth of population m so many areas of 
the globe ? 

Science has created wealth, 1t has helped in the 
struggle for freedom from economic exploitation , 
it has redistributed power But ın domg these things, 
as ıt widens the area of material choice, ıt cieum- 
scribes and determines the environment m which 
we exercise our abstiact liberties That ıs my 
second point Itself demanding freedom, and revolu- 
tionary in 1ts ways, science 1s now determining, in an 
increasingly unpredictable way, the main issues about 
which we, as citizens, exercise our fieedom of choice 
Can there be much more than a fictional verity to 
the abstract idea that an area exists withm which 
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men can enjoy the capacity of unconditioned o1 
untrammelled choice ? 

Democracy was man’s answer to tyranny and 
exploitation The only form of exploitation ib will 
never help overcome ıs the coercion of new know- 
ledge, which by guiding our social lives into certam 
channels, limits advance in other directions, the 
new knowledge which focuses the interests of human- 
ity on goals which cannot be properly charted until 
they have been achieved To the philosopher, as I 
have said, ultimate limitations on the freedom of 
the mdrividual are set by the mexorable laws of 
Nature To the scientist, the limitations are set by 
the particular laws of Nature man himself discovers, 
out of a potential infinity of such laws, and from the 
use to which he puts these laws 

Up to now we have been able to claim that the 
applications of science have mereased the sum total 
of human happmess But to-day we stand at a 
cross-road The process of applying scientific know- 
ledge ıs as endless as ıs the prospect of gathermg 
new knowledge, and the basic scientist 18 responsible 
for only the beginnmg of the cycle of activity which 
creates a demand for the application of his discoveries 
Industiiahzation has established itself as the one sure 
cure for poverty in a world the bulk of the population 
of which still hves by subsistence farmmg, and 
history as yet gives no example of any but small com- 
munities which have voluntarily turned their backs on 
Ingher material standards of hving Instead, a uni- 
formuty of desire and demand 18 generated for the so- 
called good things of hfe as the one world discovers 
how the other lives, and what 16 itself lacks Obviously 
we cannot say that the economic history of the West 
wil! be recapitulated as industriahzation spreads, and 
as the chains of the past are broken m distant parts 
of the world But we can be all but certam that 
neither the needy nor the rich will allow the process 
of applymg the frurts of scientific knowledge to stop, 
either in the national or the international frame In 
this process means become ends, because as new 
ways of domg things are discovered, they transform 
the things bemg done, and so their purpose In these 
days ıt ıs only m theory that one chooses weapons 
and tactics to achieve a strategy In fact, weapons 
often end by determming strategy—and sometimes 
the purpose behind the strategy 

In my view ıb is agaist this force of scientific 
application that the Gissmgs of to-day rail—not 
agaist science as such, and ıt 1s this forco which 
could constram our democratic liberties, and which, 
if we ceased bemg vigilant, could even constrain the 
hberty of pure and basic sclence—and by so domg 
paradoxically destroy itself 

Ideally we think that democracy to-day means 
government by the repiesentatives of the people by 
consent of the people But many to-day also feel 
that the sovereign power, the people, has through a 
process of negative democracy, abrogated its rights 
to a power-éle, to a bureaucracy, to what-you-will, 
which 1s consciously determinmg the directions we 
follow This, ıb seems to me, 13 agam too simple 
The element of the unknown ın government mereases 
with every step we are now taking to apply the fruits 
of science If sovereign power 1s bemg abrogated, 
1b 1s less to some governing body, however formed , 
and more and more to a process of applymg scientific 
knowledge without any real possibility of determmmg 
its final consequences Nether the voice of the 
majority, nor those through which it 1s expressed, 
can proclaim the precise lines of the future 
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Where do scientists stand, as ordinary citizens, m 
this process whereby the application of the fruits of 
them discoveries can become a potential prison for 
our abstract liberties? It ıs argued that because 
of their special knowledge scientists can be aware of 
the danger and promise arising from their discoveries, 
and that therefore they have a special responsibility 
m relation to the most pressing problems of our time 
I should agree with this, 1f 16 meant no more than that 
scientists are better able to appreciate the scientific 
facts For how can the scientist as such, who 18 not 
responsible for 1ts application, accept the 1esponsi- 
bility for predicting some vast social transformation 
that mught result from what seems an mnocent 
observation at the time it 1s made? 

But I should agree all the more 1f one coupled with 
this view of the scientist’s responsibility the thought 
that ın the problem of preserving our liberties hes 
the most important reason for regarding an educa- 
tron ın science as constituting to-day an essential 
part of an education m the humanities For if an 
understanding of social and political purpose 1s one 
of the aims of the liberal arts, then that aim cannot 
be realized until their scope 1s widened to embrace 
a proper understanding of the scientific knowledge 
the application of which ıs now so rapidly transform- 
mg our intellectual and materia] environment 
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Science, technology and humanism seem to have 
assumed that order of importance m the determina- 
tion of our affars I do not know how it ıs in the 
Umited States, but over the post-war years the 
changes which the tacit appliestion of science and 
technology have occasioned in Great Britam seem far 
more profound than any that have been brought about 
through the overt discussion. of social values or social 
goals If thus knd of thing 1s happenmg, can the 
humanities continue as a potent educational dis- 
eiplme without encompassing an understandmg of the 
social forces which derive from the application of 
the natural sciences ? Scientific literacy, we are told 
in a recently issued report on education, will need to 
be far more widespread than it 18 “1f we are to solve 
the problems of this age" Undoubtedly this is 
needed, but alone ıb 18 not a sufficient condition to 
ensure the solution of our problems—for here I agree 
with Aldous Huxley that “higher education is not 
necessarily a guarantee of higher virtue or higher 
political wisdom” What we most need to learn 1s 
that m the major scientific matters which now 
affect human, destiny, one cannot safely take decisions 
for to-day unless we reahze that those same decisions 
determine the future This realization may not lead 
to the mght decisions, but ıt might help obviate 
some of the worse 


OF SOLAR COSMIC RAYS 


By PAMELA ROTHWELL and CARL McILWAIN 


State University of lowa, lowa City 


N three occasions durmg August 1958, large 

increases m the mtensity of charged particles 
outside the Van Allen radiation zones were detected 
by the Explorer IV setelhte 1958 epsilon, at high 
magnetic latitudes and rather low satellite altitudes 
(270-650 km ), where the Geiger tubes carried in the 
satellite normally count only cosmic rays Figs 1, 2 
and 3 show that the charged particle intensity ın both 
counters mereased sharply with magnetic latitude, 
above about 60°, on August 16-17, August 23-24 
and August 26-27 (We have defined ‘magnetic 
latitude’, Aap from the magnetic dip angle 8 at the 
point of observation, through the dipole relation 2 tan 
Jap = tan 8) Different symbols have been used 
for each satellite pass on any one day, recorded at 
the mucrolock station m Van Buren, Maine, m the 


trme-interval for each pass (usually about 5 mm. 
duration) 1s given, and each pomt has been charac- 
terized by the altitude m kilometres at which the 
observation wasmade The charged particle detectors 
in the satellite have been described in detail else- 
where by Van Allen e£ al! The two Geiger counters 
(one shielded with 1 6 gm /cm ? lead, and the other 
unshielded except by the satellite hull) could detect 
protons of energies greater than 40 MeV and 30 MeV , 
respectively, and electrons of energies greater than 
about 5 MeV and 3 MeV The omnidirectional geo- 
metric factors ranged from 0 140 cm ? to 0 823 cm? 
m the shielded counter, and from 0 140 cm? to 
0 705 cm ? m the unshielded counter Table 1 gives 
the upper and lower lumits to the omnidirectional 
fluxes of particles which would produce the highest 











geographical longitude range (95° W -45° W) The observed counting rates ın (a) the unshielded counter 
Table 1 
(a) (b) (c) (à) (e) (. 
Time of Flux through Flux through Ratio of maps tune 

Date satellite pass unshielded Geiger shielded counter counting rates Emin Ema after 3 -+ 

August 1958 | (UT) counter (particles/cm ?/sec ) unshielded/ (MeV ) (MeV ) solar flares 
| (partieles/em */sec ) shielded (hr ) 
16 11 17-11 19 86 > Jos > 17 78 > Jos > 18 11403 ~ 90 ~ 200 68 
16 13 11-13 15 108 > Jou > 38 179 > Ja > 30 11402 ~ 60 ~ 200 87 
17 11 01-11 06 240 > Jou > 48 86 > Jos > 14 28403 ~ 90 ~ 200 30 5 
17 12 56-13 00 121 > Jou > 24 43 > Jo > 7 28-05 ~ 60 ~ 200 32 4 
28 09 22-09 30 577 > Jou > 115 198 > Jos > 33 30402 ~ 90 m~ 250 19 1 
23 11 14-11 23 445 > Jou > 88 150 > Jos > 25 29402 ~ 35 ~ 250 21 0 
24 10 59-11 05 140 > Juu ^ 28 87 >Jos > 6 38:05 ~ 35 ~ 250 43 8 
26 08 26-08 34 1,010 > Jou > 200 465 > Jos > 79 22 1-01 ~ 85 ~ 850 84 
26 10 22-10 28 1,800 > Jou > 265 515 > Jos > 88 26+01 ~ 55 ~ 350 10 3 
27 08 06-08 15 143 > Jou > 28 46 > Joe > 7 31-205 ~ 85 — 320 
27 10 04-10 08 182 > J, > 26 50 >Ja > 8 26405 ~ 55 ~ 350 340 
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Intensity versus magnetic latitude 
Altitude range 270-450 km 
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Intensity versus magnetic latitude 
Altitude range 300-570 km 
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Intensity versus magnetic latitude 
Altitude range 300-650 km 
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Fig 3 


(Jou), (b) the shielded counter (Jos), and (c) the ratio 
of these counting rates (unshielded/shielded) at each 
satelite pass on which an mcrease m intensity was 
observed The cut-off energies for protons, at (d) the 
highest magnetic latitude on each pass (Emm) and 
(e) the lowest latitude at which counting rates m 
excess of the cosmic ray rate were recorded (Emax ), 
are estimated from the local values of the Earth’s 
magnetic field? 

The particle fluxes are at least one or two orders 
of magnitude greater than the normal cosmic ray 
flux It seems unlikely that these intensity increases 
are due to soft particles from the outer Van Allen 
radiation zone, because 

(a) Explorer IV cuts through the outer zone (as 
observed with the Geiger counters) at about 56° 
magnetic latitude, that is, farther south than the 
intensity inereases reported here 

(b) The ratio of counting rates between the un- 
shielded and shielded Geiger counters m the outer 
zone 18 typically, about 30 or 40 to one, m contrast 
to the comparable counting rates observed in both 
counters at the higher latitudes 

The ratios unshielded/shielded are reasonably con- 
sistent with the hypothesis that the charged particles 
are protons the energies of which he between Zi, 
and Emax The wide limits placed on the estimated 
fluxes are due to the uncertainty in the absolute 
geometric factor for the counters m the proton 
energy-range 30-100 MeV 

We suggest that the intensity mereases are m fact 
due to solar protons, associated with the large solar 
flares which occurred at 0432 UT on August 16, 
1417 UT on August 22, and 0005 UT on August 26 °? 
Strong support for this suggestion 18 provided by 
measurements made from balloons and with rio- 
meters during this period 
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(1) Anderson! and Winckler et alë measured an 
increase in charged particle intensity at balloon 
altitudes above Churchill, Canada (magnetic latitude 
77°), and Fairbanks, Alaska (magnetic latitude 64°), 
on August 22 and 23, and have identified the particles 
as solar protons of energies up to a few hundred MeV 
It 1s almost certam that the satellite has recorded the 
same event (The inereased intensity was not 
observed until August 23 because there was no pass 
over Van Buren after 1100 v T on August 22) 
Anderson e£ al * deduce a differential number energy 
spectrum n(ÉE)dE = K(t)E(-5:0 2d0E (where t 1s the 
elapsed tıme after the solar flare) for the solar protons 
in the energy-range 100-400 MeV At 1115 UT on 
August 23 they estimate that the flux of particles 
with energies greater than 100 MeV was about 
l 5/em ?/sec Intensities observed from the satellite 
at that time suggest that a spectrum of this form 
may well extend down to about 30 MeV 

(2) Lembach and Reid’ have suggested recently 
that the absorption of cosmic radio noise, measured 
with riometers followmg large solar flares, ıs due to 
ionization of the upper atmosphere by solar protons 
H Leimbach (private communication) and Hultquist 
and Ortner! have observed three such events, com- 
mencing August 16, August 22 and August 26, m the 
riometers at Thule (Greenland), Fairbanks (Alaska) 
and Kiruna (Sweden) Absorption effects of this typo 
occurred on twelve other occasions, between July 1, 
1957, and September 30, 1958 (H. Lembach, private 
communication) 

Durmg the period August 16-27 no increase in 
intensity was observed m the Canadian cosmic-ray 
neutron monitors at Resolute, Churchill, Sulphur 
Mountain and Deep River? at magnetic latitudes of 
88°, 77°, 61° and 62°, respectively, but ıb 1s not 
surprising that protons with a steep number-energy 
spectrum and maximum energies of a few hundred 
MeV produced no detectable effects near sea- 
level 

The ratio of the maximum counting rates m the 
two counters increased significantly durmg each 
event This suggests that either (a) the shape of 
the energy spectrum of the solar protons changes, 
and relatively more low-energy particles arrive at 
later times , or (b) that some particles with energies 
below the usual magnetic cut-off energy can arrive at 
a given location later m the event 
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Freier et al '? have, in fact, reported that protons 
with energies below the usual measured cut-off were 
found at balloon altitudes over Minnesota on March 
26, 1958, three days after a large solar flare, and at 
the time of a magnetic storm When the Earth's 
field 1s disturbed, some charged particles can prob- 
ably be admitted to regions normally ‘forbidden’ to 
them, and particles with energies below the normal 
cut-off may arrive at a given latitude durmg, and 
perhaps for some time after, the disturbance Durmg 
the period August 16-27 ‘sudden commencements’ 
occurred at 0622 August 17, 0228 August 22, 0140 
August 24, and 0303 August 271 The lowest 
ratios unshielded/shielded occurred on August 16 
before this period of magnetic activity 

There 13 now evidence from several sources which 
stiongly suggests that solar protons with energies up 
to a few hundred MeV quite frequently bombard the 
upper atmosphere at high latitudes for some days 
followmg a large solar flare The five widely observed, 
extraordinary mereases m cosmic-ray intensity near 
sea-level which have occurred during the past twenty 
years of continuous observation are probably un- 
usually energetic examples of a common solar 
phenomenon, namely, the acceleration and ejection 
of protons with energies approaching those of galactic 
cosmic-ray particles 

We should like to thank Prof J A Van Allen and 
Dr K A Anderson for many interesting discussions 
This work has been assisted by the US International 
Geophysical Year project 321 of the National 
Academy of Sciences, the US Army Ordnance 
Department, the Office of Naval Research, and the 
Atomic Energy Commission 
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A BORE-HOLE TO THE EARTH’S MANTLE: AMSOC’S MOHOLE 


By GORDON LILL and WILLARD BASCOM 


AMSOC Committee, National Academy of Sciences—National Research Council, Washington, D C. 


AN’S knowledge of the mterior of the Earth has 

been largely obtamed by indirect methods, 
and although a great deal ıs now known about the 
qualities that subterranean materials must possess, 
numerous uncertainties remam There is now a 
project under way, sponsored by the AMSOC Com- 
raittee of the US National Academy of Sciences to 
obtain eonoborative evidence about the nature of 
the interior of the Earth by the direct method of 
drilling a hole completely through the oceanic crust 
to obtain samples of the mantle Since the boundary 
between the crust and mantle 1s known as the ‘Moho’ 


(afte. Prof A Mohoroviéié of Yugoslavia, who first 
described the seismic discontinuity there) ıt seemed 
reasonable to contract the project name to ‘Mohole’ 

The American Miscellaneous Society, founded in 
1952 as a whimsical reproof of scientific societies 
which are sometimes too specific for ther own good, 
uses its cable address, AMSOC, in the alphabetical 
world of Washington It has no formal members, 
officers, by-laws or publications , and there 1s a bent 
towards geophysics 

On the subject of drilling through the crust of the 
Earth, however, the AMSOC gioup has been formally 
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organized so that ıt can receive 
funds from the US National 
Science Foundation The origmal 
members of the Committee were 
Gordon Lil (chairman), Prof 
Maurice Ewing, Dr Wilham Heroy, 
Prof Harry Hess, Dr Harry Ladd, 
Dr Arthur Maxwell, Prof Walter 
Munk, Prof Roger Revelle, Dr 
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Wilham Rubey, Dr Joshua Tracey 














and \Willard Bascom (technical 
director) 

The Mohole project in more or 
less its present form was born at 
a breakfast at Prof Munk’s house 











im California, at which he led the 








conversation on the need for a 
geophysical analogue for the space 
exploration programme The sug- 
gestion of Dr Frank Eastabrook, 
made in Sezence (October 1956) for 
the diggmg of a “Geophysical 
research shaft", had set forth the 
principal scientific advantages of 
direct sampling But AMSOC, 
unaware at the time of that sug- 
gestion, proposed a deep drilhng 
project 

The followmg September, m 
Toronto, at the meetmg of the 
International "Union of Geodesy 
and Geophysics, a resolution was 
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passed “urgmg the nations of 
the world to study the feasibilty 
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suggested The sponsors were 
Harry Hess, Roger Revelle and 


T F` Gaskell pU po S CUL a a aA 


The question of the structure 
and material of the mterior of the 
Earth ıs a puzzle which has long 
challenged the mmd of man In all major aspects the 
most acceptable present hypothesis holds together 
very well This 1s remarkable, for ıt requires that 
there be reasonable agreement between at least eight 
sub-sciences, all of which make indirect measurements 
Studies of astronomy, meteorites, voleanoes, geological 
structure, gravity, seismic waves, the magnetic 
field, and heat flow each contribute to the total 
knowledge 

If one assumes that meteorites are the wreokage 
of a planet similar to the Earth and that the rocks 
spewed out by voleanoes (the seismic precursors of 
which begin well below the Mohorovičić discon- 
timuity) contam samples of mantle material, then we 
already have samples of the deep rocks Moreover, 
Harry Hess believes that mantle rock actually out- 
crops (at St Paul’s Rocks m the mid-Atlantic, m 
Japan and m California) Astronomical observations 
give the total mass, the average density and the 
moment of mertia of the Earth 

But in the main, evidence about the interior of the 
Earth has come from earthquake waves By the 
combination of tedious computation and great skull, 
seismologists have worked out characteristics of the 
planet which keep within the limits set by the other 
evidence 


DISTANCE FROM SURFACE [MILES) 


Fig 1 The interior of the Earth 

The hypothesis of mner and outer cores surrounded 
by a thick mantle and capped with a thm crust has 
stood the tests of many years, now the problem. is 
to refine the mformation and to obtam evidence 
which cannot come from further advances m sers- 
mology The composition of the mantle, which repre- 
sents about 85 per cent of the volume of the Earth, 
is the prmerpal problem of geophysics to-day, for 
although a lot 1s known about 1t, uncertainties remam 
(Fig 1) 

The exact mmeralogical and rock composition, the 
density, strength, temperature, the amount of radio- 
activity, the thermal and electrical conductivity— 
all these will contribute rmmeasurably to the under- 
standing of the Earth and its origm Moreover, they 
will serve to enhance the value of the mdirect geo- 
physical measurements Finally, some new and 
entirely unexpected piece of evidence may be 
unearthed that will cause science to revise substantially 
its concept of the Earth 

The crust 15 closer and easier to study than the 
interior, but even so it 18 more controversial 
Generally ıt 1s agreed that contments represent 
relatively thick blocks of andesitic rocks, and that 
ocean basins are composed of much thmner basaltic 
rocks—the average thicknesses being about 30 km. 
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and 10 km respectively The crust seems to act 
as though it 1s floatmg on viscous plastic mantle 
material, however, the response time is long, and 
certain anomalous areas not m isostatic equilibrium 
compheate the problem The Moho, which defines 
the boundary between crust and mantle, 1s recog- 
mized by an abrupt increase in the velocity of seismic 
waves—from about 7 0 km /sec to 8 2 km /sec 

As the Earth developed, the water which reached 
its surface naturally ran downhill and covered the 
lower, thmner basaltic material, formmg an ocean 

The composition of the oceanic crust 1s studied by 
Se&-gomg seismologists who use pairs of ships—one 
setting off explosions, the other listenmg In this 
way 16 has been discovered that beneath much of the 
ocean there are three mam layers of material 
(1) the soft sediments, (2) the ‘second layer’, and 
(3) the ‘third layer’ (Fig 2) 

The soft sediments of the deep sea floor (red clays 
and calcareous oozes) have been repeatedly sampled 
with corers which have penetrated as much as 20 m 
into the bottom and reached as far back as Cretaceous 
tune 

The seismie evidence suggests that the sediments 
are remarkably uniform in thickness, averaging about 
04 km Unfortunately, this 1s much too thm to 
agree with the figure one gets by multiplymg present 
sedimentation-rates by the supposed age of the oceans 
So one very large question to be answered 1s What 
happened to the rest of the sediments ? Moreover, 
ib seems possible that the record of early evolution, 
mussmg on land, could be preserved m the lowest 
sediments 

There are at least four theories about the composi- 
tion of the ‘second layer'—all of which begin with the 
knowledge that ıt conducts seismic waves at 4 5— 
5 5km/sec It may be compacted sediments, basalt, 
dolomite or softer sediments screened by a layer of 
basalt , usually ıt 18 1 or 2 km thick 

The ‘third layer’ has a seismic velocity of about 
6 5 km [see , ıt ıs commonly called basalt but, as 
Hess points out, this 1s more a matter of 150 years of 
tradition than of evidence In fact, some scientists 
doubt that there are as many as three layers , others 
think there are more 

One of the mterfaces (possibly the Mohoroviéié 
discontinuity) may represent the primordial surface 
of the Earth It may have a surface something lke 
the face of the Moon to-day , 16 may be covered by a 
layer of meteoritic material or perhaps a conglomer- 
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ate lt may give evidence of our early atmosphere 
and ocean, or ib may have been altered beyond 
zecognition These speculations have served to 
make the proposed exploratory holes even more 
exciting 

Many of these suggestions have been discussed and 
debated m the literature Harry Hess believes that 
the Mohoroviéié discontinuity represents a frozen 
isotherm, J F Lovermg thinks it iepresents a 
temperature—pressure relationship which has caused 
a phase change from an ecologite mantle to a basalt 
crust Tuzo Wilson believes that continental 
andesitic material must be rising fiom the mantle— 
from greater depths than the basalts He notes that 
K Sapper’s figure of 0 8 km ?/year over geological 
time would account for the volume of the continents, 
and that a slightly higher rate of volcanism m the 
early stages would allow for the emussion of an 
oceanic crust aswell Sir Harold Jeffreys believes that 
the ocean crust 1s too rigid to permit sideways motion 
of the contments, but recently there has been renewed 
interest in Wegener’s contmental drift theory 
There are pomts of disagreement on the distribution 
of radioactivity, on the interpretations of seismic 
velocities, and on the causes of oceanic trenches 

The very fact that there 1s not agreement 1s a good 
reason for some direct exploration (if there were no 
controversy there might be even greater suspicion 
that something was wrong) 

Some of these questions will be resolved if a con- 
tmuous core of the various layers beneath the sea- 
floor can be brought mto the laboratory for study 
and analysis In addition, ın the hole from which 
the core 1s taken measurements can be made of 
temperature, heat-flow, the magnetic field, plastic 
deformation and seismic velocity 

It 18 therefore the objective of the AMSOC Commit- 
tee to see that a continuous, oriented core to the 
mantle 18 obtamed and that the hole(s) are thoroughly 
instrumented Some of the instruments already 
exist , others will have to be developed or mm- 
1aturized to fit m the hole (which will be about 
6 in in diameter at the bottom) No geologist or 
geophysicist doubts the value of such determinations , 
the question ıs How can it be done, and for how 
much money ? 

In Nature of September 13, 1958, Dr Gaskell 
exammed some of the technical problems of deep-hole 
drilling However, as the AMSOC feasibility study 
progresses, new objectives have been developed and 
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Table 1 REACH OF DRILL REQUIRED TO AOHIEVE VARIOUS OBJECTIVES 
Pacific Atlantic 
Clipperton Island Guadalupe Island Due south of San North of Puerto 
Thase area area Diego, Cal Rico 
10° 53’ N S 5? 47’ N 20° 40’ N 
105° 09’ W 117° 31° W 123° 59’ W 66° 30’ W 
km ft km ft km ft km ft 
Depth of water 31 10,100 35 10,700 48 14,000 55 18,000 
E to bottom of sediment I 33 10,400 36 10,900 48 15,700 60 19,600 
Depth to bottom of second layer 42 13,800 52 17,000 55 18,000 | 80 26,200 
Depth to Mohorovičić discontinuity II 86 23,100 108 35,500 97 31,800 | 96 31,500 
Note Geophysicists think ın kilometres, but drillers work in feet 


Pacific data from R W Raitt, Scripps Institution of Oceanography 


Atlantic data from J Worzel, G Sutton et al , Lamont Geological Observatory 


new drillmg technology has been disclosed so that now 
Gaskell’s views need to be revised For example, 
the idea of drillmg from an oceame island has been 
abandoned because recent studies mdicate that the 
mantle is as deep as 17 km under the islands that 
have been studied Developments in floating drillmg 
platforms make ıt appear that deep-water drilling is 
feasible in any event, besides, we need the sedi- 
mentary results A review of the temperature situa- 
tion suggests that temperatures in the mantle 
beneath the ocean crust will be less than 200° C 
At several sites where seismic work has been done, 
the total 1each of the drill stem from the surface of 
the water to the mantle will need to be only 30,000 ft 
Thus as the project develops, the objectives seem 
more attainable with less difficulty and expense 

Table 1 shows the length of drilling pipe required to 
reach the surface of the various layers beneath the 
sea-floor at four sites which are under considera- 
tion 

Inspection of these figures shows that a drill reach- 
ing to 6 km (20,000 ft ) will give results on the upper 
three layers Beneath that rt ıs another 3-5 km to 
the Mohoroviéié discontinuity For this reason the 
project will be divided into two phases The first 
of these mvolves the modification of existing equip- 
ment for drillmg holes m the upper layers The 
second phase—which will take us on to the Mohoro- 
vi&ié discontmuty—will probably require a com- 
pletely new engmeering design, for the total length of 
the drill pipe must be well over a mile beyond that 
used m the deepest oil well to date (25,340 ft hole 
by Philips Petroleum in western Texas) 

The objectives of the first phase would be to obtam 
the best possible samples of the upper Jayers while 
testing out deep-water drilling methods For 
example, no one ıs sure how closely a ship must be 
held in position m deep water while it drills, but 
several schemes have been proposed which would 
probably keep 1t withm & circle the diameter of which 
is less than 3 per cent of the depth (12,000 ft or so of 
water) The forces due to the drag of ocean currents 
on the drill prpe and casmg are as yet unknown 
because of the lack of 1eliable deep-curient data 
Questions of how often casing will have to be run 
and how ıt wil be supported, of how well the soft 
sediments can be cored and if sea water is a satıs- 
factory drillmg fluid will be answered by the first 
test holes 

There are four floating platforms which mount 
intermediate-depth oil mgs drillmg m shallow water 
off the coast of the United States Many of the 
pioblems of ocean drilung have been mgemously 
solved by these operators, so that only minor modifica- 


tions of standard drillmg techniques are needed 
Several ways have been found for re-entering the 
hole and re-circulatimg drilling muds, these iequire 
that a riser pipe, conductor or casmg reach to the 
surface It 1s even possible to abandon a hole 
temporarily and recover ıt again 

In depths of 35-360 ft, holes have been drilled to 
nearly 12,000 ft OUSS I, for example, now drillmg 
for oil off the California coast, 1s a well-designed vessel 
that would make an excellent deep-drilling expert- 
mental platform if ıt were equipped with a heavier 
draw-works or hoist (such as are available on the 
open market) and a deep mooring system 

Holdmg a ship ın position in. water two and a half 
mues deep might be accomplished by (1) anchors 
which are explosion-jetted into the bottom and 
connected to the ship by neutrally buoyant hawse 
lines of synthetic material, (2) a dynamic anchoring 
system in which a group of outboard propulsion units 
(which can exert propulsrve force m any dnection) 
are centrally controlled by an operator who holds 
his position by watchmg taut-lme buoys and/or 
listening to a vertical beam of underwater sound 
rising from a transducer fixed to the bottom 

Thus, the moormg, drillmg, settmg of casing and 
riser pipe, coring and instrumentation all appear 
to be well withi the bounds of our technology 
Engineermg work has started and funds are bemg 
solicited 

As the feasibility study progresses, the original 
cost estimates have shrunk and it now appears that 
the entire project might be carried out for about 
15 millon dollars This 1s not an inconsiderable sum, 
but 1t 1s much less than that of a rocket-propelled 
moon-piobe, the ostensible objective of which is to 
learn about the nature and origm of the solar system 
It seems a little foolish to go off to look at the Moon 
when we do not know what hes a few kJometres 
beneath us on our own planet 

The first phase of the drillmg can be accomplished 
for about 2 5 million dollars, the second for about 
9 5 milhon dollars It is hoped that the project will 
be financed jomtly by private mterests and by the 
US National Science Foundation Certain related 
aspects of oceanography and of doing heavy work at 
sea might be supported by the US Navy, although 
no direct military application is foreseen 

When drillmg will start is uncertain > it will 
depend on the length of time needed to complete pre- 
lmmary work and to obtain funds Work could begin 
on the test holes before the end of 1959 The scientific 
plannmg of objectives, locations and instruments 5 
the collection of necessary data and the re-survey of 
the most promusmg areas are already under way 
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AMSOC believes that this series of holes which will 
eventually sample the mantle of the Earth 1s hkely to 
produce the greatest advances m man’s knowledge of 
the Earth in our time 
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ASYMMETRICAL DELIVERY IN RABBITS 


By Dr, LUIZ MACEDO COSTA* and Dr ARPAD CSAPO 
The Rockefeller Institute, New York, 21 


ge experiments of Corner and Allen! and Allen 
and Reynolds’, performed on rabbits, promised 
an understanding of the mechanism by which preg- 
nancy is mamtamed and terminated m mammals 
They also provided us with a key substance which 
controls these processes, the ovarian steroid pio- 
gesterone 

The thirty years which followed these discoveries, 
however, brought disappomtments The different 
consequences ın different species of ovariectomy or 
oxytocin mfusion upon pregnancy , the lack of cor- 
relation between uterine activity and the concen- 
tration of progestational compounds in body fluids, 
and the lack of success ın predicting effective pro- 
gesterone therapy m women led many investigators 
to believe that either progestational compounds do 
not have a key role in the control of the pregnant 
uterus, or else a variety of mechanisms operate m 
different species 

These conclusions are challenged by ® strikmg 
experiment of Nature which strongly mplhes that 
the mamtenance of pregnancy 1s more a local than 
a systemic affair, thus allowing an explanation of the 


* Grantee of the Rockefeller Foundation Present address Depart- 
ment of Physiology, University of Bahia, Salvador, Brazil 


differences cited above When a woman who has a 
duplex or bicornate uterus bears twins, one m each 
horn, the mfants may be born several weeks apart, 
showing that in the same woman at the same 
mstant conditions can be appropriate for the mam- 
tenance, as well as for the termination, of pregnancy? 

Classical endocrmology limits our tbinkmg to a 
systemic hormonal control of the uterus by which the 
glandular product 1s distributed uniformly m the 
target organs This simple experiment of Nature, 
however, suggests to us that such & systemic control 
may not operate m. all instances A ‘local’ effect 
may be considered instead, when the organ of 
secretion and its target are m direct contact, allowing 
diffusion of an active compound from one cell to 
the next Thus the local effect of placental pro- 
gesterone has been postulated and deseribed* as an 
alternate mechanism. 

The existence of such a local mechamsm could 
explam present controversial issues concerning the 
mechanism of the maintenance of pregnancy Species 
differences could be looked upon not as differences 
m basic principles, but, for example, as differences ın 
timing and m magnitude of the shift from ovarian 
(systemic) to placental (local) progesterone effect , or 





Fig 1 Schematic illustration of the type of operations used in the present study (upper row) 
ovariectomy , arose over the conceptuses, placental dislocation Arrows indicate intraamniotic injection of 2 mgm progesterone 1n 


04 ml oil 


Crosses over the ovaries represent 


The lower row represents the effect on delivery of the operation or treatment 
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Fig 2 Asymmetrical delivery in rabbits, induced on the twenty-fifth day of pregnancy 
The numbers on the left represent the type of operation as illustrated schematically in 


Fig 1 
the third after the undelivered 


as differences ın the metabolism and elimination of 
progesterone, dependent on the exposure of pro- 
gestational compounds to the systemic circulation, 
prior to them uptake by target organs ‘The con- 
centration of progestational compounds and their 
changes m concentration m body fluxds would not be 
expected to reflect quantitatively the endocrine con- 
dition of the uterus because much higher concen- 
trations than occur m the blood or in the urine could 
be present m key positions at the myometrial cell, 
m fact, body fluids may contam only the ‘leakage’ of 
a local arrangement or what 1s left from destructive 
and eliminating processes The lack of conclusive 
evidence for the effectrve use of progesterone in 
therapy would become a challenge rather than dis- 
appomtment, because an effective local supply of 
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The first picture on the left 18 taken immediately after the operation, the 
second 18 made on repeated laparotomy after delivery 1s completed 1n one horn, and 
orn 18 opened and the foetuses and placentas examined 


145 


placental progesterone could be 
therapeutically initiated only by 
a sumilar local application, or 
by forms of progesterone not sub- 
ject to systemic destruction 

To demonstrate a local effect 
of placental progesterone on the 
myometrium, we studied thirty- 
five pregnant rabbits m the present 
expermments It ıs generally be- 
leved that pregnancy in rabbits 
is entirely mamtamed by ovarian 
progesterone, not supported by 
placental contribution We sus- 
pected, however, that even m 
rabbits there may be progesterone 
production, or effective metabol- 
ism, m the placenta in late preg- 
nancy 44.5.4 In women, on the 
other hand, durmg the last six 
months of pregnancy the placenta 
seems to substitute completely 
for the endocrine function of the 
ovaries® 

In our colony of New Zealand 
white rabbits labour can be m- 
duced with liv ‘Pitocin’ (Parke- 
Davis), mtramuscularly, m 94 per 
cent of the animals 31 days after 
mating Only 7 per cent of the 
animals deliver after simular treat- 
ment (even if repeatedly applied), 
if the animal is less than 30 
days pregnant 

We ovariectomized rabbits bi- 
laterally (op No 1) on the twenty- 
fifth day of gestation (duration of 
pregnancy = 32 days) and found 
that 13 hr after the operation 
Irv of ‘Pitocm’ successfully ın- 
duced delivery 

If the ovaries were not removed 
(op No 2), but all the placentas 
m both uterme horns were dis- 
located (by gently pressing the 
uterme horn at the placental im- 
plantation site), placental function 
ceased and delivery was success- 
fully mduced by ‘Pitocin’ 20 hr 
later This 1s evidence that the rab- 
bit placenta is indispensable for 
the maintenance of pregnancy 

If the two procedures, ovarni- 
ectomy and placental dislocation, 
are combined (op No 3), labour can 
be mduced 9 hr later These observations suggest 
that in the rabbit both the ovaries and the placentas 
contribute to the mamtenance of pregnancy When 
both these possible sources of progestational com- 
pounds are removed, the myometrium has enough 
stored material to defend pregnancy for 9 hr agaist 
the labour-mdueing effect of 1 ru ‘Pitocm’ The 
placentas can prolong this period for four additional 
hows and the ovaries for 11 hr ‘This suggests that 
the ovarian contribution is three times as great as 
the placental 

If after any of these operations ‘Pitocin’ is not 
admuustered, spontaneous delivery ultimately occurs , 
but the time between operation and delivery, as well 
as the time needed for delivery, 1s greatly prolonged 
Also, the mother may destroy or partly eat the 
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uterme contents, which makes accurate timing and 
observations difficult Fo. this reason we induced 
labour with ‘Prtocin’ 

It may be argued that the rabbit placenta only 
stores, but does not produce, an active progestational 
compound The followmg experment, however, 
suggests that the placental contribution ıs not only 
storage, but also synthesis or effectrve metabolism 
If ovariectomy 1s combmed with the dislocation of 
one set of placentas, m one horn only (op No 4), 
this horn alone delivers 9 hr later on *Pitoem' 
administration, whereas pregnancy is maintaimed m 
the other horn This asymmetrical delivery, resulting 
from the presence of a set of functional and another 
set of non-functional placentas in two horns, respec- 
tively, ıs mdication of the production of an active 
compound as well as evidence of the local effect of 
the placenta 

It might be said, however, that the active com- 
pound of the placenta 1s not like progesterone, but 1s 
an entirely different compound This 1s unlikely, 
since the local effect of the dislocated placentas can 
be substituted for by the injection of 1-2 mgm pro- 
gesterone into the amniotic sac If only one horn is 
treated with progesterone in the ovariectomized 
animal, delivery 1s always asymmetrical The un- 
treated horn delivers first, wrespective of whether 
the placentas m one horn are dislocated or not 
(op Nos 5-8) The time when delivery occurs 
reflects a functional or non-functional set of placentas, 
but the phenomenon is the same, that ıs, delivery 1s 
asymmetrical if the distribution of progesterone is 
asymmetrical Whether the litter 1s alive or not does 
not alter the picture, nor does the mechanical 
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imitation of the uterme horn durmg the opera- 
tion 
These observations are best explamed as follows 

Pregnancy in rabbits ıs maintamed by a joint con- 

tribution of an active progestational compound by 

the ovaries (systemic) and placentas (local) The 

placental contribution 1s less than that of the ovaries , 

but both organs are needed to maintain an effective 

concentration of the active compound m the myo- 
metrial cell When the defence is effective, labour 
cannot be induced by ‘Pitocin’, if ıt becomes 
ineffective, labour can be mduced When the sys- 
temic effect of the ovaries ıs suspended by ovari- 
ectomy the local effect of the placenta controls the 
uterus and if this local effect 1s asymmetrical, labour 
is asymmetrical 

In women, an early and complete shift from 

ovarian to placental hormone production could result 
in a dominant local progesterone effect early m 
pregnancy This would lead to an ‘endocrine asym- 
metry’, resultmg m asymmetrical function Such an 
asymmetry ıs exaggerated in a bicornate uterus when 
endocrine function m one placenta fails earlier than 
in the other Functional asymmetry of the human 
uterus offers attractive explanations of puzzling 
problems concerning normal and abnormal pregnancy 
and delivery 

1 Corner, G W „and Allen, W M, Amer J Physiol , 88, 326 (1929) 

1 Aena „and Reynolds, S R M , Amer J Obst Gynec , 80, 309 

? Kennedy, N , Bru Med J , 5121, 486 (1959) * 

* (a) Csapo, A , 1n “Recent Progress ın Hormone Research’’, 12, 403 
(Academic Press, New York, 1956), (b) Amer J Anat , 98, 278 
(1956), (c) Ann N Y Acad Sci, 75, 790 (1959) (d) Goto, M, 
and Csapo, A , Biol Bull , 115, 335 (1958) 

$ Ask-Upmark, M. E , Acta Obst Gynec Scandnay , 5, 211 (1926) 


WARREN SPRING LABORATORY, 
STEVENAGE 


I setting up Warren Spimg Laboratory at 
Stevenage ''to carry out process research and 
development over a wide field not lmuted to par- 
ticular areas of technology", the Research Council 
for the Department of Scientific and Industrial 
Research expressed its conviction that, when neces- 
sary, the Department’s research stations should 
change im function and objective to meet the needs 
of changmg situations The Council considered that 
the Fuel Research Station had largely fulfilled the 
aims in view when ıt was set up, and that current 
needs were satisfactorily catered for by researches 
gomg on elsewhere, it decided, therefore, to close 
down the Fuel Research Station, and to transfer the 
staff to a new Laboratory ın Stevenage, with new 
programmes To ensure that there should be no 
hkehhood of an nnpression bemg gained that the 
Fuel Research Station was bemg contimued at 
Stevenage, or that the title of the new Laboratory 
might appear to restrict the field of activity, it is 
named after a lane which used to run across the 
site 

Of the work carried out at the Fuel Research 
Station only two programmes have been transferred 
to the new Station, namely, research on the abate- 
ment of atmospheric pollution, and on the synthesis 
of oils and chemicals by the Fischer-Tropsceh process 


There had been a number of substantial dications 
of need for research in the field of mineral processing, 
and ıt was decided that this should form one of the 
new projects to be undertaken , there had also been 
indications of need for work on a pilot scale in 
various fields which the Department had not been 
able to meet With these pointers, ıt was decided to 
build a laboratory m a modern industrial style, to be 
as flexible as possible, to house m the first place a 
staff about the size of that of the Fuel Research 
Station, and with facilities for both laboratory 
research and pulot-scale work 

The main three-story laboratory building 1s 372 ft 
long and 37 ft 6 in wide (Fig 1) It ıs based on a 
4-ft module, which is expressed elevationally by 
vertical posts supporting floors and roof, and by 
mternal posts centrally along the length The mam 
spine corridor is set to one side of the central sup- 
ports The only solid mternal walls are those of the 
corridor and the secondary staircases , all other 
partitioning is of hght, demountable, prefabricated 
construction, which can be placed m any desired 
position between the outer walls and the mner 
corridor walls, subject only to the basic 4-ft module 

Gas, water, electricity, compressed air are avail- 
able at every third module (12 ft ) along a perimeter 
distribution system 
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Fig. 1. The Warren Spring Laboratory, Department of Scientific and Industrial Research 


The building is heated by panel-type radiators ; 
made-up dummy panels matching them are inserted 
between the radiators to give the appearance of a 
continuous radiator panel along each wall between 
the concrete columns at 12-ft. centres. The radiators 
and the dummy panels conceal the services which 
run around the perimeter of the building. The 
dummy panels can be readily removed when service 
connexions are required. Fume cupboards are ranged 
along the inner, corridor walls, each cupboard having 
its own extract duct which discharges at roof-level. 

The finishes are simple, self-coloured, fair-faced 
brickwork being used throughout, except in labor- 
atories with special functions. With the exception 
of laboratories which are adapted for wet processes, 
floor finishes are in linoleum. 

A three-story administration block runs at right 
angles to the main laboratory building ; it is similar 
in construction and design except that there is a 
lower ceiling height. 

There are three pilot-scale buildings, each 90 ft. 
long by 55 ft. wide by 37 ft. 6 in. maximum height. 
In two of them, a 20-ft. wide section is 20 ft. high 
only. These buildings are linked to the main labor- 
atory block by a corridor with small-scale laboratory 
units on each side. The buildings have folding doors 
to the side bays to permit the introduction of heavy 
plant at any point. The structure is carried by pre- 
cast concrete posts. Vertical cladding, above a brick 
protective walling, consists of asbestos-cement sheet- 
ing and patent glazing; the roofs are of asbestos— 
cement decking overlaid with bituminous felt. 

The workshops and engineering stores occupy a 
large steel-framed building comprising six east-light 
bays, each 60 ft. by 30 ft. minimum headroom. 

Since steam is required night and day for process 
purposes, two fully automatic, oil-fired, high-efficiency 
boilers are used, with a nominal pressure of 120 Ib./sq. 
in. ; one is rated at 10,000 Ib. and one at 5,000 Ib. of 
steam per hour. The front of the boiler house is fully 
glazed with a patent system permitting ready 
removal in sections when boiler tube replacements 
are necessary, so that it is possible to reduce the 
dimensions from front to rear. A high-level water 
reservoir, in reinforced concrete, has been designed 
integrally with the boiler flue (see Fig. 1). 


Service mains run in open, splay-sided trenches to 
avoid the expense of underground ducts or the 
unsightliness of overhead gantries. 

The total cost of the establishment, including 
buildings, services fixed, laboratory fittings, library ' 
bookshelves, and all site works was approximately 
£620,000. 


Research Programmes 


Atmospheric pollution. Purely by coincidence the 
closing of the Fuel Research Station occurred simul- 
taneously with the introduction of the Clean Air 
Aet; it was therefore particularly apposite to review 
the programme in starting at the new station. The 
work now being undertaken follows naturally from 
that begun at the Fuel Research Station, and is 
designed to meet the requirements of the Ministry of 
Housing and Local Government. 

The principles of smoke-elimination that have 
proved successful in reducing smoke from hand-fired 
boilers on land are being applied to marine boilers. 
The possibility of developing after-burners to burn 
smoke in various situations is being investigated. 

The properties of smokes from different sources 
are being examined with special reference to the con- 
stituents that might be injurious to health. The 
occurrence of oxides of nitrogen in the atmosphere 
under different conditions is being studied. 

In the new investigations of air pollution there is a 
need for greater accuracy than has been possible in 
some of the measurements made in the past. Asa 
matter of urgency a review is being made of the 
principal instruments at present in use ; this work is 
being undertaken by the Scottish Branch of the 
Laboratory at Thorntonhall. 

Micro-surveys are in progress to examine the con- 
centration of various types of pollution at different 
types of site in a limited area. The results of such 
investigations will be important, for example, in 
helping to determine the value of smoke-control 
areas, and in assisting those responsible for deciding 
the height of siting of large industrial chimneys. 

Process development. Synthesis of oils and chemicals 
from carbon monoxide and hydrogen is being studied 
as part of a project to develop, if possible, an econ- 












for producing oil from The 
olopment of oils from coal is a two-ste 
t stage involves the complete gasification of 













hydrogen, and the second the catalytic conversion of 
the gas mixture into the desired end-products. The 
rk at Warren Spring Laboratory is concerned only 
ith the second of these stages. 
iderations indicate that the most promising version 
the Fischer-Tropsch process for use under British 
itions is the slurry process, in which the gas 
ure is passed through a suspension of powdered 
alyst in molten wax at temperatures of 250-300? 
‘and at pressures between 5 and 30 atmospheres. 
The objectives of the programme are: (1) to 
develop -an iron catalyst of longer life and higher 
activity than those at present available and one that 
will yield a high proportion of desired end-products ; 
:2) to select operating conditions (gas composition, 
. temperature, pressure) to combine a high reaction 
"velocity with a given distribution of end-products ; 
< (3), tọ obtain data necessary to design a full-scale 
reaction, vessel. 
- Synthesis gas is produced on the site at a rate of 
4,500 std. cu. ft. per hr. in a standard, water-gas 
generator operated by the Engineering Services 
: Division.. There are arrangements for feeding carbon 
;- dioxide with the steam so as to vary the hydrogen: 
| carbon monoxide ratio between 1-15 and 0-6. The 
gas is purified from hydrogen sulphide in Gastechnik 
towers and washed with caustic soda to control the 
` carbon dioxide content. It is then compressed to 
_ 15 atmospheres pressure in the first two stages of a 
_ four-stage compressor, passed through the active 
« Carbon serubbers to remove organic sulphur com- 
© pounds, and then further compressed in the third 
and fourth stages to a pressure of 120 atmospheres. 
“co The study of catalysis, which has been proceeding 
over a number of years at the Fuel Research Station, 
| has brought to the team concerned considerable 
"experience which should prove of value in some of 
= the new programmes which it is hoped to undertake 
- In the future. 
“Mineral processing research and development. Dr. 
> M, G, Fleming, of the Bessemer Laboratory of the 
» Royal School of Mines, has been appointed con- 
(5 sultant to this Division. 
_ It seems probable that for some time a fair pro- 
_ portion of the effort of this Division will be engaged 
on. sponsored work on particular ores; but it is 
hoped that basic investigations will inelude: (1) a 
. study of grinding in the presence of additives such 
‘as surface-active agents; (2) the kinetics of bubble 
attachments to mineral surfaces, as a contribution 
to the knowledge in the field of froth flotation ; and 
(3).a study of the behaviour of mineral particles in a 
igh-tension field, and the modification of this 
behaviour by various surface treatments. 
Zhe laboratories are equipped to handle most 
laboratory-scale mineral-dressing operations such as 
. flotation, jigging, tabling, heavy-media separation, 
“wet and dry magnetic separation, and high-voltage 
Separation. In the hydrometallurgical field, facilities 
are available for atmospheric and pressure leaching, 
for fluidized-bed roasting, chlorine metallurgy, and 
solvent extraction. Pilot-plant facilities enable 
primary crushing operations to be carried out on a 
seale up to 2} tons per hour, and flotation plant is 
available for treating up to 1,000 Ib. per hr. It is 
possible to carry out full-scale tests with radioactive 
“tracers. The Division has a Mineralogical Section, 
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Mineral Processing Advisory Committee has been set 
up to advise on the selection and priorities of the 
programmes of interest to these territories. | 
Chemical engineering... It will be apparent th 
chemical engineering must play a large part in pra 
tically all the major activities of the Laborat 
and the decision of the Research Council to transfe 
“the work on Chemical Engineering . . . carried o 
at the National Chemical Laboratory to Warre 
Spring Laboratory” will readily be understood. ^: 
The Division has three functions: (1) to carry out 
research on physical operations which play an im: 
portant part both in processes which are under 
development in the Laboratory, and those in more 
general use in industry; (2) to undertake researc 
in the field of chemical engineering sponsored by 
industry or by Government departments; (3) as-a 
result of these functions to accumulate basic informa- 
tion in chemical engineering for use by other sections 
of the Laboratory and industry. i 
Bearing in mind work tbat is already going on 
elsewhere in the Department on heat transfer and ön 
fluid flow, it is proposed in the first instance to con- 
centrate on the field of mass-transfer, and in par: 
ticular to obtain results which will permit more 
accurate prediction of the performance of gas-liquid 
contacting equipment, and thus to facilitate the 
design of distillation columns, gas-absorption towers, 
and reactors of the liquid-phase type, of which the 
Fischer-Tropsch slurry reactor is a particular 
example. v 
Four main lines of study are being followed, s 
namely, bubble dynamies, gas-liquid mass transfer | 
rates, fluid mixing, and specifice problems in gas 
absorption with chemical reaction. E 
The National Engineering Laboratory of tho. 
Department has sponsored work at Queen Mary . 
College, London, on the synthesis of organic comi | 
pounds for use as drop-wise condensation promoters 
and bas evaluated their effectiveness. The proposed | 
work at the Warren Spring Laboratory is being 
planned in consultation with the National Engins 
eering Laboratory and is intended as a study of 
the mode of action of these promoters in order to 
facilitate the development of compounds which will 
be effective for prolonged periods with a wide range 
of metal surfaces. It is proposed to study the mech- 
anism of attachment of synthetic promoters to metal 
surfaces by methods of radiochemical labelling and 
to observe the subsequent history of these sub- 
stances under conditions of use in heat exchangers. 
Physical and Chemical Services Division. This 
provides a comprehensive central service in the fields. 
of analysis, both by chemical and physical methods, 
instrument development, physical measurement, and 
photography. Special equipment includes gas... 
chromatography, quartz and infra-red spectrometers, . 
and equipment for X-ray diffraction and fluorescence. : 
spectrometry. vs 
Engineering Services. This Division has a drawing: 
office which undertakes design of pilot-scale plant. 
for the Laboratory; it has an industrial staff of 
approximately 120, and well-equipped workshops. 
Intelligence. In addition to the library and editorial 
services which are essential to any research estab- 
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lishment, the Intelligence Division 18 setting out to 
provide an information and project appraisal service 
A start has been made, for example, in building up a 
centre of mformation m mmeral processmg, by 
assembhng data from a wide variety of sources m 
such a way that they can be used m research and 
industry 

From what has been deseribed 16 will be apparent 
that there ıs a wide choice of field before Warren 
Sprmg Laboratory, and that at the moment the 
maim. problem 18 that of selection, and of allocation 
of priorities In addition to the factors which govern 
the work of other laboratories of the Department of 
Scientific and Industrial Research, there 1s the task 
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of undertakmg sponsored work to a greater extent, 
and on a larger scale Such work may be carried out 
for Government departments or for mdustry, and 1b 
may be on a fully confidential basis The special 
facilities of the Laboratory will also be available for 
use, 1n certain circumstances, by teams from mdustry, 
which can work m collaboration with the research 
staff of the Laboratory 

The programme is regularly considered by a 
Steering Committee, appomted by the Research 
Council, the present members of which are Sir 
Harry Jephcott (chairman), Sir Harry Melville, 
Dr R Holroyd, Mr D A Ohver and Mr 8 H 
Clarke. 


OBITUARIES 


Mr T. L. Eckersley, F.R.S. 


Tue death of T L Eckersley on February 15 
removed another of the rapidly dwindling band of 
pioneers in the field of radio research, among whom 
he was notable both for his theoretical and practical 
work His interest m electromagnetic waves was 
aroused while he was still at school at Bedales, but 
16 was during the First World War, after studymg at 
University College, London, and Trmity College, 
Cambridge, with some years at the National Physical 
Laboratory m between, that he made his first big 
contributions to radio-wave propagation These were 
his explanation of “‘mght-effect’ m direction-finding 
observed m Egypt and Salonika, m which he invoked 
the existence of an upper 10nized layer giving rise to 
a reflected wave with variable polarization charac- 
teristics, and his observation of coastal refraction 
which he sought to account for m terms of the 
properties of Zenneck surface waves 

He was thus among the first to obtain evidence of 
the presence of the ionosphere by the reflexion of 
radio waves and so began a J:fe-long interest m the 
magneto-10nie theory of propagation His first work, 
however, on Joiung the Marconi Co after the War 
was & classical research mto the properties of earth 
screens for inereasmg the radiation efficiency of long- 
wave aerials, followed by his analysis of the results 
of observations made on very long-wave transnutters 
by K W Tremellen and C M Alnutt durmg a 
round-the-world expedition For more then twenty 
years Tremellen was Eckersley’s personal assistant, 
and his patient observational work formed the basis 
of the succession of papers which Eckersley wrote on 
short-wave radio transmission. 

The last of these was on scattermg from ‘clouds’ 
in the ionosphere, a subject which has since become 
of great practical importance m the development of 
the ionospheric ‘forward scatter’ communication 
system Not only did all this work lay the foundation 
of much of our knowledge of the part played by the 
10nosphere 1n long-distance propagation, but ib also 
led to many advances in technique, for example, in 
the field of accurate direction-findmg and m the 
measurement of field-strength and polarization 
characteristics 

Although he would not have claimed to be a pure 
mathematician, he had a consummate ability to apply 
mathematics to physical problems Indeed, many of 
his experimental researches were preceded or sup- 


ported by elegant analysis He had a great interest 
m modern physics, especially m its quantum and 
relativistic aspects, and 1+ was the knowledge so 
acquired that inspired some of his finest work m 
radio It was the phase mtegral treatment of potential 
barriers in atomic theory that led him to lus brilhant 
applications to ionospheric and ground-wave propa- 
gation, while 1n the scattering of «-particles he found 
an analogy for the scattering of radio waves as a 
function of wave-length, cloud size and scattering angle 

Eckersley had something of the absent-mindedness 
associated with genius, which was reflected m the 
style of his writing and made some of his papers 
difficult for others to read He was thus not as well 
known in tbe world at largo as he deserved to be, 
but m due course full recognition among scientists 
came with his election to fellowship of the Royal 
Society m 1938 and the award of the Faraday Medal 
of the Institution of Electrical Engineers in 1951 He 
was also a well-known figure at international radio 
conferences, especially at the CCIR and URSI 
assemblies 

He was proud of the fact that he was a grandson 
of T H Huxley, and he was most happy in his family 
life, his wife bemg Eva, the daughter of Barry Pam, 
the Victorian novelist, who survives him with a son 
and two daughters She 1s an able pianist and com- 
poser, and their home at Danbury, Essex, was often 
visited by distinguished musical friends He was 
a dehghtful host, for he combmed great courtesy 
with a delicate sense of humour, and though he did 
not play himself he had a great love of music 

At the time he died he had become almost com- 
pletely helpless from multiple sclerosis, the first 
symptoms of which had appeared more than twenty 
years ago In spite of mereasing disability, he 
remamed at work throughout the Second World War 
as scientific adviser to the Inter-Services Ionosphere 
Bureau at the Marconi Research Laboratories, and 
after his retirement ın 1946 he continued to work at 
home for several more years 

Durmg ths penod he published a number of 
papers, his devoted wife aeting as his amanuensis 
There is no doubt that ıt was her amazmg courage 
and cheerfulness that mamtemed his hfe for so long, 
and indeed i6 was to pneumoma during the influenza 
epidemic that he finally succumbed The loving care 
which surrounded him during those last years was a 
source of inspiration to all who witnessed it 

G MILLINGTON 
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Prof A O R Windaus 


On June 9 ıt was reported from Gottmgen that 
Adolf Windaus had died in bus eghty-third year He 
had retired as professor and director of the University 
Chemical Laboratory at Gottmgen m 1938, and was 
made emeritus professor and director m 1944 

Windaus was born m Berlin in 1876, educated at 
the Universities of Berlm and Freiburg-1m-Bresgau 
and became Privatdozent m 1903 After a short 
period at Innsbruck, he was elected to Gottmgen m 
1915 He was awarded the Nobel Prize for Chemustry 
in 1928, and also received the Baeyer, Pasteur and 
Goethe Medals 

To those interested in steroids, Windaus's name 
will stand with that of the late Hemrich Wieland as 
the greatest 1n the period of German pre-emmence 1n 
discovery about the chemistry and physiology of 
these substances Most of his pubheations between 
1903 and 1928 were about cholesterol and. deseribed, 
anter alia, the preparation of complexes with digitonin, 
solanm, ete (1909, 1918), the nature of the side- 
cham (1918) and the relationship to coprosterol 
(1916) and to the bile acids (1919) Papers also 
appeared on stigmasterol (1906, 1924), sitosterol 
(1918, 1924), hydrodeoxycholic acid (1923, 1926), 
chenodeoxychohe acid (1924, 1925, 1926) and on 
*g'-phoesecholie acid (1928) AJ this work and much 
more, ineludmg some on heart poisons and saponins, 
was done without modern knowledge of steroid 
formule , yet Windaus's fundamental discoveries 
stand largely unchallenged to-day His work on 
scymnol (with W Bergmann and G Konig, Hoppe 
Seyl Z, 189, 148, 1930) was the first on the 
chemistry of this substance The paper with Alfred 
Hess, of Columbia University, New York, entitled 
“Sterme und antirachitisches Vitamin” and pub- 
lished at the session of the Gesellschaft der Wissen- 
schaften zu Gottmgen on January 28, 1927, clearly 
recognized that both ergosterol and an impurity 
separable from cholesterol acquired antirachitic 
activity on wradiation with ultra-violet hght Parallel 
work had already begun in England (for example, 
IM Hebron, E D Kamm and R A Morton, 
O Rosenheim and T A Webster, Chem and Indust , 
45, 932, 1926), xt was energetically pursued there, 
and also by Windaus and his colleagues until m 
1931, success m isolating & pure vitamm D was 
announced almost simultaneously from Gottingen and 
Hampstead, London From mradiated ergosterol, 
F A Askew, H M Bruce R K Callow, J St L 
Philpot and T A Webster (Nature, 128, 758 , 1931) 
obtained caleiferol, and Wimdaus and O Luansert 
(Inebigs Ann , 489, 269, 1931) vitamin D. these 
substances were later found to be identical, although 
the separate names were retained 

"Vitamin D,’, omgmally reported as pure by the 
German workers (Laebwgs Ann , 489, 252, 1931), was 
later proved (bed , 493, 259, 1932) to be a molecular 
compound of vitamin. D, and lumisterol 

For Windaus, this was by no means the end of the 
vitamm D problem Doubts as to the identity of 
calerferol (vitamun D,) and the antirachitic vitamin 
of fish-lrver ous persisted, and C E Bills (Phystol 
Rev, 15, 1, 1935) summamzed evidence that the 
antirachitic vitamin 1n wradiated (1mpure) cholesterol 
and m cod liver oil (as measured m ‘rat units’) 18 
more potent for chicks than the vitamm (calerferol) 
in irradiated ergosterlly 

Windaus brilliantly recalled that J Mauthner and 
W Suida m 1896 (Mh Chem, 17, 579) had oxidized 


NATURE 


July 18, 1959 vor 184 


cholesterol with chromic acid to 7-ketocholesterol, 
and, with H Lettré and Fr Schenck (Lrebigs Ann, 
520, 98, 1935), he reported the conversion of this 
substance into 7-dehydrocholesterol Irradiation of 
this gave a mixture from which was isolated (Windaus, 
Fr Schenck and F von Werder Hoppe Seyl Z, 
241, 100, 1936) vitamm D,, identical with the 
natural vitamin obtamed from tunny hver oi by 
H Brockmann (Hoppe Seyl Z, 241, 104, 1936) at 
Gottmgen  Windaus's later papers were about the 
chemical nature of natural forms of vitamin D and 
the chemistry of wradiation products of ergosterol 
and 7-dehydrocholesterol 

Windaus’s publications, which ceased m 1944, 
remain as an inspirmg example of what a great 
intellect can still accomplish im scientific discovery 

G A D HASLEWOOD 


Dr F Busemann 


De Ferro BusEMANN, who died on April 30 at 
the untimely age of fifty-one, was an outstanding 
authority m his chosen subject, electrical transmission, 
as 1s his brother, Adolf Busemann, one of the leadmg 
German aerodynamicists now m America ‘Trained 
at the Institute of Technology, Darmstadt, he became 
later assistant to the professor of electrical machme 
design there, and m. 1934 jomed the firm of Siemens 
Schuckert m Berlin, becommg one of & team con- 
cerned with future developments m electrical trans- 
mission This team had as one of its assignments that 
of high-voltage direct-current transmission Starting 
with a pilot scheme between Charlottenburg and 
Moabit, 16 followed by planning the Siemens Schuckert 
half of the major Elbe-Berhn project After the 
Second World War, Dr Busemann was chosen by 
the Darwm Panel and came to Britam in 1946 to 
report on the German work m this field 

Busemann found the social climate ın Britam so 
akm to his temperament that he shortly accepted an 
offer to jom the staff of the Electrical Research 
Association and continue his studies on de trans- 
mission These resulted in a masterly series of four- 
teen reports covermg all aspects of the subject with 
the exception of valves, for the study of which 
facilities were lackmg He played a major part m 
the planning of a pilot scheme which, had it matured, 
would have placed Great Britam m the van of 
development He was without doubt the foremost 
authority on high-voltage direct-cur1ent transmission 
m Britain, and his loss will be greatly felt 

With the temporary cessation of terest m direct- 
current transmission, Busemann turned his versatile 
mund to other aspects of transrmussion Among these 
he devised, jomtly with W Casson, a classic pro- 
gramme of full-scale experiments on power-system 
stability (Chff Quay), described m a paper be- 
fore the Institution of Electrical Engmeers last 
year More recently, he had been concerned with 
mechanical and thermal properties of soil and 
utihzation of power cables To all these he brought 
quick appreciation of decisive factors and great 
facility m analysis and exposition 

Behmd a natural modesty Busemann had great 
personal charm and humour as well as perception 
He was & musician of almost professional attamment 
and gave much service to his church and the social 
activities of the Electrical Research Association He 
will be remembered by all who knew him for a long 
time to come He leaves a widow and two daughters 

L GosraND 


July 18, 1959 
Miss Grace M Sickles 


GRACE M SrICKLES, associate research scientist m 
the Division of Laboratories and Research of the 
New York State Department of Health, died on 
June 29 at Troy, New York An eminent bacterio- 
logist and virologist, Miss Sickles had been a member 
of the Health Department smce 1918, with a two- 
year period of service (1919-20) in the Communicable 
Disease Laboratories of the United States Army 
She was a graduate of the New York State College 
for Teachers and a member of the prinerpal scientific 
societies in her fields of research 

Miss Sickles was associated with Dr Augustus B 
Wadsworth m an extensive series of investigations 
on the production and standardization of anti 
pneumococcus, antimenmgococeus and antistrepto- 
coccus sera, studying, as early as 1938, the action of 
mmune serum m conjunction with chemotherapy ın 
experimental streptococcus nfections Some of Miss 
Sickles’s studies of diphtheria toxin and on the anti- 
biotic activity of micro-organisms from the soil were 
carried out at the Marme Biological Laboratory, 
Woods Hole, Massachusetts 

Miss Sickles was the discoverer with Dr albert 
Dalldorf n 1947 of the coxsackie virus The virus 
was identified durmg a study of outbreaks of polio- 
myelitis m New York State It was named after the 
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village in which the first two 1ecogmzed human 
infections occurred The coxsackie group now 
includes more than a dozen viruses which are common 
sources of infection in man 


Mr. W E Perry 


Tue sudden death on June 5 of Mr W E Perry, 
a senior primeipal scientific officer at the National 
Physical Laboratory, Teddmgton, 1emoves one of 
the leading figures m the field of radioactive and 
radiation standardization Born m 1903, Perry took 
lus degree from Nottingham and jomed the Laboratory 
in 1928 He was responsible for re-measurement of 
the National Radium Standards m 1934, and for the 
subsequent development of radioisotope measure- 
ments Later, as head of the Radiology Section at 
the Laboratory, he had charge of the work on 1adio- 
isotopes, X-ray dosimetry, neutron standardization 
and radiocarbon datmg, and had an mteinational 
reputation for his scientific mtegiity and wide 
knowledge m these subjects At the time of his 
death, he was preparmg material for the nmth 
International Congress on Radiology at Munich, m 
his capacity as chamman of Committee I of the 
International Commission on Radiological Units and 
Measurements 


NEWS and VIEWS 


The British Assoctation New President 


Sm Grorce THomson, master of Corpus Christi 
College, Cambridge, has been elected president for 
1960 of the British Association for the Advancement 
of Science, ın succession to Sir James Gray Sir 
George has had a distinguished career as a physicist, 
as a man who gave outstandimg service to the Atomic 
Energy Project im its early days and as master of 
Corpus Christi College The son of the late Sr J J 
Thomson, he was educated at Trinity College, Cam- 
bridge, obtammg a first-class degree both in the 
Mathematical and in the Natural Sciences Tripos 
After service m France with the Army, followed by 
research on aeronautical problems, he was appomted 
to the chair of physics at Aberdeen in 1922, where 
he carried out the epoch-makmg work on the de- 
fraction of electron beams by thm metal fouls, thereby 
establishing beyond doubt the wave nature of the 
electron For this work he was awarded the Nobel 
Prize for Physics m 1937 Between 1930 and 1952 
he was professor of physics in the Impertal College of 
Science and Technology, London, and was chairman 
of the first British Committee on Atomic Energy, the 
Maud Committee, appomted m 1940 He has played 
a considerable part m the development of the subject 
ever since, bemg interested not less ın its social as 
well as m its scientific aspects | Since his appointment 
to the mastership of Corpus Christi College, his 
interest m physics has contmued and he has pub- 
hshed work on gas discharges and has been chairman 
of Section A (Mathematics and Physics) of the 
British Association Both on account of the great 
distinction of his scientific work and his mterest m 
the wider mpheations of scientific advance he will 
be a most welcome president of the British Associa- 
tion 


Director of the Royal Aircraft Establishment : 
Prof M J Lighthill, FRS 


Pror M J Licuruiz, Beyer professor of applied 
mathematics at the University of Manchester since 
1950, has been appomted director of the Royal Ar- 
craft Establishment, Farnborough, ın succession to 
Sir George Gardner, who ıs succeeding Arr Chief 
Marshal Sir Claude Pelly as controller of aircraft at 
the Mmistry of Supply imn October 

Prof Lighthill has made outstanding contributions 
in many fields of flud dynamics as well as 1n more 
general spheres of pure and applied mathematics 
His appheations of the fundamentals of mathematics 
to various aeronautical problems have been sig- 
nificant and widespread He ıs particularly well 
known for his theoretical work on jet noise , this 
work, which has been largely substantiated by 
expermment, relates the noise to the turbulence in 
the Jet He has always displayed a continumg 
mterest m the practical application of his theories, 
and has been for a number of years a member of the 
Aeronautical Research Council Prof Lighthill was 
educated at Winchester and Cambridge, and was 
elected to the fellowship of the Royal Society in 
1953 at the early age of twenty-nme 


Royal College of Science and Technology, Glasgow 
Sir David Anderson 


Sir DAVID ANDERSON, who 1s to retire from the 
post of director of the Royal College of Science and 
Technology ın December 1959, was appomted 
principal of Derby Technical College in 1926 at the 
age of 31 In 1930, he became prmoral of the 
Central Technical College, Birmmgham, and in a 
period of 16 years which spanned the arduous 
war years, he leid the foundations of the College of 
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Advanced Technology, designated as such by the 
Mmister of Education in 1956 In this period, too, 
he became mereasingly concerned with the problems 
of technical education at national level This was 
especially true of his work as a member of the Percy 
Committee which reported m 1946, and greatly 
influenced the development of post-war technical 
education He was president of the Association of 
Principals of Technical Institutions m 1932, and 
charman of Council of Association of Technical 
Institut;ons m 1951 He was a member of Council 
of the Institution of Mechanical Engmeers during 
1941-42, 1948-50 First and foremost a Glasgow 
man, he was educated at Whitehill School, then at the 
then Royal Technical College, and served his appren- 
taceship with the North British Locomotive Company 
Ho returned to the College as director m 1946, and 
the new engineermg block, the recently opened 
students union, the Residential School of Management 
Studies at Bearsden, and the new students residences 
are visible signs of his vigorous leadership He has 
continued to serve on a large number of bodies at 
national level, and was kmghted m 1957 After 
the manner of present times, we may hope that Sir 
David will not retire from all pubhe work, otherwise 
the constructive contributions of his incisive mind 
will be greatly missed 


Dr S C. Curran, FRS 


Tag Governors of the Royal College of Science 
and Technology, Glasgow, have announced the 
appomtment of Dr 8$ C Curran as principal in 
succession to Sir David Anderson, the retirmg director 
Dr Curran studied at the Universities of Glasgow 
and Cambridge, graduatmg MA, BSc, PhD 
(Glas), and Ph D (Cantab ) Hus early researches 
were concerned with radiation phenomena and new 
methods of detection While at St John’s College, 
Cambridge, and the Cavendish Laboratory, he 
pioneered im investigations of proton capture 

Durmg the Second World War he shared in the 
successful work of the Royal Aircraft Estabhshment 
on proximity fuses and of the Telecommunications 
Research Establishment on the research and develop- 
ment of centimetre radar, having charge of one of the 
groups responsible for H,S and ASV, thereafter he 
jomed the British Mission on Atomic Weapons m the 
United States At Berkeley he discovered the original 
form of the scmtillation counter and the vacuum 
carbon are Later at the University of Glasgow he 
introduced the modern form of proportional counter, 
determimmg with ıt the form of novel beta-spectra 
such as that of tritium An active research group 
soon grew up under his leadership 

In early 1955 he jomed the Atomic Weapons 
Research Establishment, where he later became a chief 
scientist and member of the Management Board 
responsible for the divisions of Nuclear Research and 
Electronics He also served as visttmg member on 
the Harwell Management Board A considerable 
growth of nuclear research has taken place at Alder- 
maston during his years there 

Dr Curran was awarded the D Sec and Kelvin 
Prize of Glasgow m 1950 and elected to fellowship 
of the Royal Society m 1953 


Jean Senebier (1742-1809) 


JEAN SENEBIER, who died of “une cruelle maladie" 
at Geneva 150 years ago on July 22, 1809, is an 
anomalous figure m the history of botany A clergy- 
man untrained m the scientific method, yet possessing 
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the true scientific spirit, endowed with cuuosity, 
intelligence, and industry, he had many interests 

theology, botany, microscopy, physics, chemistry, 
meteorology, library classification His tıresome 
rhetoric prevented his bemg appreciated by his 
generation ‘The son of a protestant tradesman of 
French origm, he was born on May 6, 1742, at Geneva, 
where he became pastor ın 1765 and chief librarian in 
1773 In 1792 political unrest banished him from the 
erty for seven years Sonebier ıs remembered chiefly 
for his studies on the mfluence of light on vegetation 
Jan Ingenhousz, an engineer of Dutch extraction, m 
1779, mtroduced the concept of balance of anımal 
and vegetable life by showing that plants generate 
dephlogisticated air This activity was demonstrated 
by Senebier between 1782-88 to be confined to the 
green parts of plants which, under the imfluence of 
sunhght, convert fixed air (carbon dioxide) mto 
dephlogisticated air (oxygen) His "Mémoires physico- 
chimiques sur l'mfluence de la lumière solame pour 
modifier les étres des trois règnes de le nature" m 
three volumes were pubhshed m 1782 The first to 
formulate a theory, m strictly chemical terms, of 
vegetable nutrition m his ‘tediously prolix’ (Sachs) 
five-volume “Physiologie végétale" (1800), he stimu- 
lated his fellow Genevan, Nicholas Théodore de 
Saussure, to write his “Recherches chimiques sur 
la végétation" (1804), which was to eclipse hus own 
woik Hewasa corespondmg member of the Institut 
de France and of the Royal Academy of Turm. 


International Commission on Higher Education in 

Nigeria 

Sm Eric AsmsBy (vice-chancellor of the Queen's 
University of Belfast and master-elect of Clare 
College, Cambridge) returned from Lagos on May 7, 
after attending the maugural meeting of the Inter- 
national Commission on Higher Education m Nigeria 
The Commussion (Nature, 183, 1231, 1959), with Sir 
Eric Ashby as chairman, consists of two other United 
Kingdom members, Dr J. Lockwood (master of 
Birkbeck College) and Dr G E Watts (principal of 
Brighton Techmcal College), and three American 
members, Dr Frank Keppel (dean of the Graduate 
School at Harvard University), Dr Eme Walker 
(president of Pennsylvem State University) and 
Prof H W Hannah (associate dean of agriculture, 
University of Illno) The Nigerian members are 
Shettima Kashim (formerly Federal Minister of Social 
Services, charman of Nigerian College of Tech- 
nology), Prof K O Dike (vice-principal and pro- 
fessor of history, Umiverstty College, Ibadan) and 
Dr S D Onabamiro (senior research fellow m 
paiasttology, University College, Ibadan) 

Sir Ene Ashby, speakmg at tho mauguration 
meeting m Lagos on May 4, described the decision 
to seb up a Jomt Nigerian—United States-United 
Kingdom Commission as a "Landmark in educational 
history” as this was the first time that such an 
mternational group had been appomied to study 
higher education ın Nigeria He assured the meeting 
that the Commission would be able to recommend 
some of the educational needs of the first twenty 
years of Nigerian mdependence could be met, and 
that ıt would do ıts best to prepare for Nigeria some- 
thing which could be turned mto action 


‘Procinyl’ Dyes 

Imperial Chemical Industries, Ltd , has troduced 
‘Prociny]’ dyes, a new class of disperse dyes It is 
claimed that the initial four ‘Procimyl’ dyes display 
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on nylon and other polyamide fibies the desirable 
attributes of the estabhshed disperse dyes—good 
levellmg, good coverage of irregular-dyemg yarns, 
good compatibility m admrxture, good temperature- 
range properties and good penetration They are 
applied ın à similar manner The essential difference 
18 that the ‘Procinyl’ dyes are applied mitially under 
shghtly acid instead of neutral conditions, and that 
dyeing is completed by an alkalme fixation stage 
durmg which certain reactive groups in the ‘Proemyl’ 
dye molecules react chemically and uwreversibly with 
the amine or amide groups in the polyamide fibre 
and so produce dyeings of high wet-fastness All 
forms of nylon and other polyamide fibres, of both 
the staple fibre and continuous-filament types and 
including woven piece goods, knitted piece goods and 
hosiery, can be dyed satisfactorily with the new dyes, 
which may be applied, as necessary, on the jig 
(covered jigs for preference), on winches, m paddle 
dyemg machines and m circulating-hquor machines 
The mitia] four ‘Procmyl’ dyes—a yellow, an orange, 
a scarlet and a blue—permit an extensive range of 
shades to be produced because of the wide mter- 
compatibility of the new dyes 

Only shght or negligtble reaction takes place 
between ‘Procmyl’ dyes and acetate and triacetate 
rayons, for which the new dyes are not expected to 
be of much immediate interest, although the wet- 
fastness achieved is generally better than with normal 
disperse dyes With the exception of ‘Procinyl 
Yellow G’, the dyes are of mimor importance on 
‘Terylene’ and other polyester fibres On ‘Acrilan’ 
polyacrylonitrile fibre, although ‘Procmyl’ dyes build 
up well to give heavy shades of very high wet-fastness, 
which results from the reaction between the dye and 
the basic groups in the fibre, only the yellow is of 
particular interest, the remaming dyes giving shades 
of low light fastness On acrylic fibres not modified 
by the incorporation of basie substances they display 
only lumited build-up 


British Ceramic Research Association 
Mellor Library 


Tse new hbrary of the British Ceramic Research 
Association—the Mellor Library—was opened at 
Stoke-on-Trent on June 16 by Mr Frank West, vice- 
president of the Association and a hfelong friend of 
the late Dr J W Mellor, m whose honour the library 
has been named Dr Mellor, the well-known physical 
chemist, turned his mind to problems of the ceramic 
industry , Wedgwood, a century and a half previously, 
had transformed a craft mto an mdustry, Mellor, 
during the first three decades of the present century, 
did outstanding service to that industry by giving 
16 the basis of science that had hitherto been largely 
wantmg As head of the Pottery Department of the 
North Staffordshire Technical College, Mellor taught 
a generation of pottery managers, as first director 
of research of the British Refractories Research 
Association (the forerunner of the British Ceramic 
Research Association) Mellor initiated research at a 
time when industrial research was a novelty But 
perhaps he is best known as the author of the 
“Compiehensive Treatise on Inorganic and Theoretical 
Chemistry” 


Educational Research 

TEE third issue of Educational Research, the journal 
of the National Foundation for Educational Research 
1n England and Wales, contains articles on the teach- 
ing of mathematics, the ability to teach, the effect 
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of environment on intelligence, school guidance 
services and a comparison of attamments 1n. different 
types of primary school There ıs also a selected and 
annotated bibhography of works on the curriculum 
of the secondary school (Newnes Educational Publish- 
ing Co, Tower House, Southampton St, Strand, 
London, WC2 5s 6d) In the article on the teach- 
ing of mathematics, Mr J B Biggs discusses the 
distaste for school mathematics so commonly reported 
His conclusions evaluate the relative effect of basic 
personality and specific likes and dislikes, particu- 
larly m the case of the maladjusted chid Many 
so-called lazy children are seen to have found an 
initial block to their number learning because of their 
temperament This ıs heightened by accusations of 
laziness and consequent unimaginative driving by 
some teachers The implications of this and the 
other strmulatmg conclusions are important to the 
teacher who might well ask himself why there is no 
simular anxiety concerning English 


A New Geological Documentation Service 


Tax wealth of formation available constitutes a 
serious problem for the future of the research m the 
Earth sciences Before 1939, published work could 
be covered by giving about one thousand references 
a month At present, the Service d'Information 
Géologique of the Bureau de Recherches Géologiques, 
Géophysiques et Miniéres indexes monthly more than 
3,000 references, and ıt 18 estimated that 5,000 refer- 
ences should be given to ensure complete coverage of 
the field The situation 1s complicated by the number 
of works now appearing in little-known languages, 
and by the launching of new periodicals and special 
pubheations Faced with this problem, the Service 
d'Information Géologique of the Bureau de Recherches 
Géologiques, Géophysiques et Miméres, which has 
taken over and expanded the work of the Centre 
d'Études et de Documentation Paléontologiques, has 
set itself the task of providing an extended and rapid 
service of basic geological mformation The Service 
d'Information Géologique scans every week about 
3,500 periodicals, more than 200 of which are pub- 
lished m Russian The references are typed in the 
original language or, uf they are not in Latin charac- 
ters, are translated, usually mto French, they are 
then classified in 1,200 sections under twelve main 
headmgs (mmeralogy, petrography, stratigraphy, 
tectonics, geophysics, geological activities, geological 
phenomena, applied geology, general paleontology, 
biology, botany and zoology) The work 1s, of course, 
carried out under the supervision of scientists Each 
reference 1s mdexed by title and by content The 
average number of indexes to each abstract card 1s five 


Central Advisory Water Committee 


On the expiry of the first period of appomtment, 
the Manister of Housing and Local Government, Mr 
Henry Brooke, has reviewed the composition of the 
Central Advisory Water Committee and made various 
re-appomtments and new appointments The mem- 
bership of the Committee ıs drawn from the major 
interests concerned with water, for example, water 
supply, industry, scientists, agriculture, river boards 
The Minister ıs chairman of the Committee, and the 
vice-chairman is the Parliamentary Secretary, Mr 
J BR Bevms Simce its reconstitution in 1955 the 
Committee has published reports on the demand for 
water in England and Wales, on mformation on water 
resources and on the law dealing with the disposal 
of trade effluents 
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Seismological Association. Meeting in. Toronto 

TuE ieport of the meetings of the Section for 
Seismology and the Physics of the Eaith’s Interior, 
prepared by the associate secretary, Dr Markus 
Bath, of Sweden, has recently been published (pp 
448 Strasbourg Bureau Central International de 
Séismologie, 1958) Most of the subdivisions into 
which this subject may be divided were discussed m 
the twenty-two sessions Detailed reports of these 
meetings, the presidential address by Prof K E 
Bullen, of the University of Sydney, the report of the 
meeting of the European Seismological Commission, 
the Committee of the International Seismological 
Summary and the Committee foi the International 
Geophysical Year are included In addition, there 
are seismological reports from thirty-four countries, 
and the resolutions adopted at the assembly The 
whole covers some 455 quaito pages At the con- 
ference, ten sessions were devoted to seismology 
alone, six to joint meetings with the Association of 
Voleanology and two to joint meetings with the 
Association of Geodesy It was at an extra session 
at Toronto that Prof K E Bullen announced that 
the US Atomie Enegy Commission had released 
information concerning the time and place of a 
future underground nuclear detonation in Nevada, 
so that seismologists could prepare to participate in 
the recording The International Geophysical Year 
Committee discussed particularly the recording of 
earthquakes with epicenties in the arctic and 
antarctic regions , and it 1s noteworthy that M E 
Guyot ıs proceeding with the preparation of a sers- 
mological dictionary which it 1s hoped will be 
published without delay 


Soil Survey of Great Britain 

Tx soil survey of Great Britan, with headquarters 
at Rothamsted, will occupy many yeais, and reports 
are to be published as each county is completed 
The magnitude of the task can be realized from the 
memoir on Anglesey (Aguicultural Research Council 
Memoirs of the Soil Suvey of Great Biitam— 
England and Wales The County of Anglesey 
Sols and Agueulture By E Roberts Pp wind 
1164-Ilplates London H M Stationery Office, 1958, 
10s net) which meludes also a small proportion of 
Caernarvonshne , nearly fifty soil se11es, which are the 
mapping units, are identified and described Anglesey 
is relatively flat, but there are considerable variations 
in the Jand surface due to the rugged outcrops of the 
Mona complex, the sharp escarpment of the Carbon- 
iferous limestones, the igneous rocks, wind-blown 
sands and glacial features The varying thickness of 
the boulder clay has contributed to the irregular 
undulations of most of the fields 

Classification and mapping of the soils are based 
on the soil profile, since it reflects the action and 
balance of the many processes that have led to 1ts 
formation, drainage has a profound effect, and is 
taken into account in the classification Although 
familiar to soil scientists and to many advisory 
officers, the subject ıs new to workers in related 
subjects, and to farmers The Soil Survey of Gicat 
Britain will be the foundation for a planned approach 
to fertilize. and cropping problems for many years, 
and such reports will have to be studied, and the maps 
ieferred to fiequently The one mch to the mule 
soil map that is provided may prove too small for 
reference to some individual farms on or near the 
margins of the soil areas, but a 6-m map is available 
for reference at Rothamsted 
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Grassland Productivity 


“The Measurement of Grassland Productivity" was 
the subject of the sixth. Easter School 1n. Agricultural 
Science which was held at the University of Notting- 
ham School of Agriculture, Sutton Bonmgton, durmg 
April 18-16, and was organized by Prof J D Ivms 
Twenty papers were read, primarily concerned with 
techniques of grassland evaluation Assessment of 
productivity from the botanical point of view, in 
terms of animal production, the consumption of 
herbage by grazmg livestock and grassland pro- 
ductivity on a farm scale weie considered New 
varieties of herbage plants have been produced and 
then 1equnements have been explored to a great 
extent New techniques have been developed which 
have resulted m vast mereases ın the production 
from grassland, but a constant problem and hindrance 
to development has been—and still 1s—the lack of 
methods which may be used with validity to measure 
and compare grassland productivity Some 140 
members from Britam and overseas exchanged 
experiences and ideas and discussed the Imutations 
and applications of techniques of measuring the 
productivity of grassland The proceedings will be 
published 


Safety in Mines Research 


THE thirty-sixth annual report on Safety in Mines 
Research (pp 81+4 plates London HM Staton- 
ery Office, 1958 5s net) 1s a general review of pro- 
gress in the year 1957 of the Safety in Mines Research 
Establishment of the Ministry of Power The report 
describes research undertaken ın the general fields of 
explosives and blasting devices, explosion hazards, 
bieathing apparatus, fire hazards, engmeering and 
metallurgy, dust control and pneumoconiosis hazards, 
and 1n certain other fields, together with a record of 
testing services carried out by the Establishment 
A significant feature of some aspects of the work 1s 
the active co-operation and imterchange of 1esults 
with kindred establishments in France, Germany 
and Poland More than nmety topics are discussed , 
1t 18 difficult to select individual topics for special 
mention, but perhaps attention may be directed to 
the work reported on the fluid mechanics of coal dust 
explosions, & subject of interest to all concerned with 
fires and explosions due to organic dusts There are, 
in fact, many topics reported which are of interest 
and importance to several industmes ın addition 
to the mining industry, including breathing apparatus, 
engineering and metallugical problems of importance 
in conveying, winding and supports, and the study 
of dusts and of pneumoconiosis 


Morbidity Statistics from General Practitioners 


Iw the series of Studies on Medical and Population 
Subjects, the first volume of morbidity statistics 
collected fiom general practitioners has recently 
appeared (General Register Office Studies on 
Medical and Population Subjects No 14 Morbidity 
Statistics from General Practice, Vol 1 (General) By 
Dr W P D Logan and A A Cushion Pp w+ 
174 London HM Stationery Office, 1958 15s 6d 
net) A number of practitioners agreed to keep 
records of al) consultations with patients on their 
list, and the General Register Office went to con- 
siderable trouble to obtain the correct population at 
risk to which these consultations could be related 
While the practices were not chosen as a repre- 
sentative sample of the total population, this 1s the 
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fist time that a survey has been taken, and that 
data showing the load on general practitioners have 
become available on this scale The present pub- 
lication shows consultation rates, and rates of 
patients consulting for different age and sex groups 
and different diseases It 1s expected that a further 
volume which will contain figures on occupational 
morbidity will be issued in the future 


Mammals of the Belgian Congo 


A PAPER by J Verschuren on the ecology and 
biology of the larger mammals of the Garamba 
National Park m the north-east of the Belgian Congo 
forms the ninth fascicle of the results of H. de Saeger's 
expedition for the exploration of the park (Explora- 
tion du Pare National de la Gaxamba Mission H de 
Saeger Fascicule 9 Écologie et Biologie des Grands 
Mammuféres (Pirmates, Carnivores, Ongulés) Par 
Jacques Verschuren Pp 225+2planches Bruxelles 
Institut des Parcs Nationaux do Congo Belge, 1958) 
In the region studied the larger mammals are much 
more difficult to observe than 1n East Africa owing to 
the much denser vegetation in which they seek 
refuge, but the author has made good use of the 
two years that he was in the field and has collected 
much valuable information about them biology 
After a short introduction deseribmg the country and 
the methods employed the work 1s arranged system- 
atically, and each species is dealt with under the 
headings particulars of specumens exammed, local 
names, geographical distribution, systematics and 
morphology, and ecology and biology. For most 
species the last section 18 by far the largest and 1s full 
of carefully recorded observations of the greatest 
interest. Fifty-one species are dealt with, distributed 
among the Primates, Pholidota, Carnivora, Tubuli- 
dentata, Proboscidea, Hyracoidea, Perissodactyla 
and Artiodactyla. The author adds that his lengthy 
experience of mammals in the wild has convinced 
him of the mvalidity of many of the mnumerable 
forms, subspecies, and races that have been so 
profusely described by some writers—a 1emark that 
will be heartily endorsed by other field zoologists 
The value of the paper 1s enhanced by a large number 
of photographie illustrations, including two plates m 
colour 


Collision Broadening of Spectral Lines 


ConnisloN broadening is an umportant process in 
the formation of stellar absorption lines, and collision 
shifts have been discussed as a possible explanation 
of that part of the red shift of solar lines which is 
unaccounted for by the Emstem gravitational shift 
W R Hmdmarsh (Mon Not Roy Astron Soc, 119, 
11, 1959) has recently reported the results of the 
first of a series of measures of collision effects in 
atomic spectra The collision shift and broadenmg 
of the neutral calcium hne 44227 A due to an 
external pressure of helium have been measured 
The hne was formed ın absorption by passing white 
hght through calerum vapour in the presence of 
helium at various pressures less than one atmosphere 
The half-mtensity damping width of the Ime was 
found to be 1 72 x 10-2 cm -! per atom per cm ? of 
hehum, and the shift 0 05 x 10-?' em ^! per atom 
per cm ? towards the violet The ratio of broadenmg 
to shift on the Lindholm theory 1s 2 76, and the shift 
is predicted to be towards the red The observed 
1atzo 18 much larger and the observed shift ıs m the 
opposite direction This discrepancy must be due to 
the involvement of the short-range repulsive forces 
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between calcium and helium atoms as well as the 
long-range van der Waals forces Hmdmarsh also 
shows that the collision shift of the calcium hne is a 
negligible component of the solar red shift and cannot 
account for the difference between observed and 
predicted solar red shifts In the second paper fol- 
lowing the above, W R Hindmarsh and K A 
Thomas show that for two argon lines the collision 
shifts aie ın reasonable agreement with the Lindholm 
theory 


Hot Laboratory Equipment 


“Hor Laboratory Equipment" is a revised and 
enlarged second edition of the “Hot Laboratory 
Catalogue", which constituted the major portion of 
“Chemical Processing and Equipment" (TID-5276), 
published by the US Atomic Energy Commission as 
one of the several volumes for the 1955 International 
Conference on the Peaceful Uses of Atomie Energy 
The new edition (pp vin--429 Washington, D C 
Government Pimting Office, 1958 250 dollars), 
which is fully illustrated contams descriptions of 
facilities, equipment and accessories for handling 
moderate to large amounts of radioactive materials 
It lists 229 items compared with 126 m the fist 
edition, and includes newly developed items as well 
as items omitted for various reasons from the fist 
edition Acknowledgment ıs made wherever possible 
to the organization responsible for the development 
of the particular equipment deseiibed Most of the 
equipment hsted was developed by national laboi- 
atories or eontractors to the Commission, but some 
were developed by private firms The contents is 
confined to hot laboratory equipment produced in 
the United States, but the reader ıs referred in the 
preface to two British publications (“Remote Hand- 
lng Equipment", by A Apperly, Atomic Energy 
Research Establishment, ER 1291, and “Radıo- 
isotope Instrumentation and Accessories’, by D 
Taylor and A G Peacock, Scientific Instrument 
Manufacturers’ Association, 1955) for information on 
similar equipment available in Great Britain 


Textiles and Dyes at the University of Leeds 


THE eighty-fourth ieport of the Textile Industries 
and Dyeing Advisory Committee on the work of the 
Departments of Textile Industries and Colom 
Chemistry and Dyemg in the University of Leeds 
(pp 47 Leeds The University, 1959) coveis the 
session 1957—58, in which applications for admission 
greatly exceeded places and very full programmes of 
teaching and research were maintained In the 
Textile Industries Department, full-time students 
numbered 351 and in that of Colour Chemistry and 
Dyeing 50 Lists of publications are included In 
textile physics work continued in X-ray diffiaction 
electron microscopy, infia-red absorption, and sedi- 
mentation 1n the ultiacentrifuge A second election 
microscope was installed In textile chemistiy a 
method of producing a permanent lustre on all-wool 
fabrics has been developed and the chemical mech- 
anism of permanent set especially that obtained 
with sulphute-bisulphite solutions, was re-examined 
Work on the effect of variations in the nature of the 
keratin in the assessment of wool quality continued 
The constitution of some suint pigments which may 
be involved in the staumung of wool, the surface 
activity of steroids and pyrolytic degradation of 
cholesterol are being studied, and a brief examination 
of the dielectzic properties of lanosterol indicated its 
suitability for use ın impregnated paper capacitors 
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In textile engmeering good progress ıs reported in 
the analytical study of loom noise and in a study of 
the drying of textiles In textile technology, work 
on the chemistry and practice of finishing fabrics 
made from both wool and man-made fibres con- 
tinued and on the measurement of yarn irregularity 
The chemical properties of pigmented wool, the 
action of concentrated sulphuric acid on wool, the 
removal of compounds of high molecular weight from 
textile materials and the degradation and yellowmg 
of nylon were also studied 

In the Department of Colour Chemistry and 
Dyeing the course of the changes which occur in 
the reaction of aromatic carbonyl compounds with 
basic substances was examined, a study of stilbene- 
quinone and its derivatives was completed, and 
work on elimmation of groups from vat dyes on 
reduction and on the reactions of sulphinie acids 
with azo compounds and azines continued A group 
of diazonium salts soluble in benzene was prepared, 
and a study of the interaction of ammoanthro- 
quinones and amunofluorenanes with nitrobenzene 
and «-mitronaphthalene was completed, as well as 
work on the vapour pressure and absorption energies 
of some anthroquinone and azo dyes The influence 
of the acetyl value of acetate rayon on the rate of 
dyemg and affinity for disperse dyes ıs beng studied 


Journal of Nutrition 

Dr Ricwarp H Barnes, dean of the Cornell 
University Graduate School of Nutrition, Ithaca, 
New York, has been appomted editor of the Journal 
of Nutrion He succeeds Dr George R Cowgill of 
the Yale Nutrition Laboratory, who has served as 
editor for twenty years Dr Cyril L Comar, director 
of the Laboratory of Radiation Biology, New York 
State Vetermary College, has been appointed associate 
editor The appomtments became effective July 1, 
1959 The editorial offices of the Journal of Nutrition 
are bemg moved from Yale University to the Cornell 
University campus Manuscripts should be sent to 
Dr Barnes at the Graduate School of Nutrition, 
Savage Hall, Cornell University, Ithaca, New York 


Nature Conservancy Awards for 1959 


Tae Nature Conservancy announces the followmg 
awards of research studentships for postgraduate 
traming m ecology, tenable for periods up to three 
years at the universities shown Botany J K 
Marshall (Cambridge), D P Nicholas (Liverpool), 
W J Roff (Cambridge), J T R Sharrock (South- 
ampton), D T Streeter (London), Zoology M L 
Clark (Leeds), E R Creed (Oxford), J M Edington 
(Durham), C J  Henty (Oxford), J B Nelson 
(Oxford), G C Philips (Oxford), Geography I Q 
Simmons (London) 


University News Edinburgh 


Pror A D RrrourE, professor of logic and meta- 
physics in the University of Edinburgh, retires on 
September 30, his long and distinguished career was 
mentioned in reviewing his recent book, “Studies ın 
the History and Methods of the Sciences” (Nature, 
July 4,p 4) Prof E E Harris, formerly professor 
of philosophy 1n the University of the Witwatersrand, 
has been appointed actmg head of Prof Rutchie’s 
Department for one year 


Swansea 


THz followmg appointments have been made m the 
University College of Swansea for the session 1959— 
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60, Dr J R Cross, superintendent of the Chemistry 
Laboratories , Miss Glenys Thomas, map curator and 
cartographer m the Department of Geography , 
Mr P W Davies, assistant lecturer m metallurgy , 
Dr H E Evans, lecturer m engmeermg, Mr B W 
Preece, assistant lecturer m engieermg 


Announcements 


Me WALTER Garner, formerly chairman of the 
Yorkshire Section and at present chairman of the 
London and Distriet Section of the Textile Institute, 
and Dr A R Urquhart, honorary secretary of the 
Institute and an assistant director of the British 
Cotton Industry Research Association, have been 
awarded the Service Medal of the Textile Institute 


Pror H Marx, director of the Polymer Research 
Institute of the Polytechnic Institute of Brooklyn, 
New York, will deliver the Fourth Baekeland 
Memorial Lecture under the title “Recent Progress 
in Polymer Chemistry” The Lecture will be delivered 
on October 22 at the Royal Institution, Albemarle 
Street, London, W 1 


THE International Commussion on Zoological 
Nomenclature has been given accommodation in the 
Brrosh Museum (Natural History) This will greatly 
facilitate the work of the Commission by reason of 
the unique library facilrties and wide range of specialist 
advice available Correspondence should ın future be 
addressed to Mr N D Riley (Honorary Secretary), 
International Commission on Zoological Nomen- 
elature, c/o British Museum (Natural History), 
London, SW 7 


THE second session (1959-60) of the Welsh Soils 
Discussion Group will open with a meetmg in the 
Department of Agmecultural Chemistry, University 
College, Bangor, on October 28 The subject for 
discussion will be “‘Mimeralogical Aspects of Soil 
Science”, the introductory speakers will be Dr F 
Smithson and Mr R I Davies (Bangor) and Mr. 
D F Ball (Nature Conservancy, Bangor) Further 
information ean be obtained from Mr J A. Taylor, 
Geography Department, University College, Aberyst- 
wyth 


TuE Scottish Conference on ‘Relationships in 
Industry Some Changmg Concepts of Manage- 
ment", which 1s bemg organized jomtly by the British 
Institute of Management and the Ministry of Labour, 
will be held at Gleneagles Hotel durmg October 
23-24 It will be opened by Sir Alexander Fleck, 
chamman of Imperial Chemical Industries, Ltd 
Further mformation can be obtamed from the British 
Insitute of Management, Management House, 80 
Fetter Lane, London, E C 4 


Ix November 1859 Charles Darwin published “The 
Origin of Species” and Queen Victoria granted the 
Royal Title to the Royal Society of Victoria To 
mark these two centenaries, the Society 1s organizing 
a symposium on the Evolution of Living Species, to 
be held m Melbourne durmg December 7-11. Dr 
Ernest Mayr of the United States will be the guest 
speaker Further mformation can be obtamed from 
the Honorary Secretary, Royal Society of Victoria, 
9 Victoria Street, Melbourne, C 1, Victoria 


RzrERRING to the review in Nature of June 27, 
p 1766, Messrs Chapman and Hall state that the 
present American prico of Cox’s “Planning of 
Experiments” is 7 50 dollars 
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MOLECULAR AND ATOMIC MOTIONS BY RADIO-FREQUENCY 
METHODS 


MAXWELL-A M P.E.R.E, CONFERENCE 


A JOINT meeting of the Colloque AMPERE 
(Atoms et Molecules par Etudes Radio-Elec- 
triques) and the British Radio Frequency Spectro- 
scopy Group was held durmg April 1-3 at Queen Mary 
College, University of London The meeting was 
attended by more than two hundred scientists, mostly 
from the British Isles but with strong representation 
from France, Holland, Switzerland and the Eastern 
European countries in particular The subject for dıs- 
cussion at the Conference was, “Molecular and atomic 
motions m liquids and solids by radio frequency 
methods” In the tradition of th AMPERE 
meetings the subjects covered were, dielectrics, 
nuclear magnetic resonance, quadrupole magnetic 
resonance and electron spin resonance. However, the 
range of the papers was constrained somewhat more 
than has been usual at the A M PERE conferences 
by the specification of a subject for discussion, albert 
rather widely mterpreted 

The forty-four papers presented showed the power 
and range of the radio-frequency methods m studymg 
molecular and atomic motion and there was an 
impressive consistency and similarity m the mforma- 
tion produced by the very different experimental 
methods It was regrettable that time did not allow 
the inclusion of mechanical and ultrasonic absorption 
measurements although these recerved mention m 
several of the papers 

Since many people versed 1n one discipline attended 
lectures m another, the occasion was a suitable one 
for having a general introductory lecture m each 
subject, and these were given by Prof. H Frohhch 
(Liverpool) on “Dielectric Theory", Dr J G Powles 
(London) on “Motional Effects ın Nuclear Magnetic 
Resonance” and by Dr M Buyle-Bodin (Grenoble) 
on ““Motional Effects m Pure Quadrupole Resonance” 
Even so, many of the discussions became extremely 
technical and specialized and the difficulty m having 
8 meeting on a subject which cuts across the tradi- 
tional interests and compartments of science was 
apparent This difficulty 1s a common one m con- 
ferences these days although highly specialized 
discussion 18 said to be evidence of ‘maturity’ of a 
subject It 1s regrettable that the cross-fertilization 
which should be brought about by conferences such as 
this one 1s so difficult to achieve It 1s therefore very 
valuable to have organizations ‘d’mformations 
mutuelles’ such as the Colloque A M P E R E and the 
British Radio Frequency Spectroscopy Group, the 
membership of which cuts across the traditional 
disciplines and contrasts with the extreme specializa- 
tion of many organizations 

It was a source of great sorrow to all present, and 
particularly to the writer, that Prof Freymann (Paris), 
the inspiration of the Groupement A M P E R E , was 
unable to be present owing to illness, and that this 
should be the first A M P ER E Conference he has 
missed 

The conference overcame im large measure the 
difficulties occasioned by the fact that ıt was held 
outside France for the first time (apart from a foray 
to Geneva m 1957) and was well attended by French 
scientists Although some 50 per cent of the papers 


were presented in French, the British members 
appeared to survive the ordeal without severe dis- 
comfort, and ıt may be that the teachimg of French m 
our grammar schools 1s not as ineffective as 1s com- 
monly supposed. The language difficulty was lessened 
by the provision of pre-prints of most of the papers 

It would obviously be mmpracticable to mention all 
of forty-four papers and a brief summary only will bo 
presented m an attempt to give some idea of the 
scope of the conference 

The conference was opened by Prof H Frohlich, 
who gave a masterly summary of the present situation 
mn the theory of dielectrics, the mam point of which 
was that the whole of the general theory has been 
worked out The continumg appearance of papers on 
‘general theory’ are no more than mathematical 
exercises, and whether these results are correct or not 
they are irrelevant This point of view was undoubt- 
edly novel to many present He elaborated his 
position by discussmg the whole field of dielectric 
loss m which he distmguished four types all but one 
of which are well understood He was particularly 
concerned with the extent to which the theory can be 
dealt with macroscopically, which 1s of first 1mpor- 
tance because of the long-range nature of dipolar 
forces, and with the number of mdependent para- 
meters required for an understanding of the phenomena 
mvolved He did pomt out nevertheless that a great 
deal of work remams to be done m the theory of 
dielectrics but that this should be concerned with the 
detailed mterpretation, using models and so forth, 
and m the search for mformation about materials 
and processes 

This lecture led on naturally to the more detailed 
discussion of a number of papers on dielectric loss in 
hquids and solutions, which depends in large measure 
on molecular properties and m which the ‘model’ 
aspect was very evident. 

J D Hoffman (National Bureau of Standards, 
Washington) introduced a session on solids with an 
account of his work on systems having multiple 
relaxation times leading to bimodal, or even multi- 
modal, loss curves which he explams m terms of 
multiple minima in the energy as a function of the 
orientation of a dipole A paper by H Gramicher and 
C Jaccard (Zurich) summarized the present position 
in the interpretation of the dielectric properties of 
ice B Szigeti (Liverpool) described his recent work 
on a so far unobserved librational absorption process 
which should be found m crystallme long-cham 
substances 

There were & number of papers on the dielectric 
properties of systems m which water or a gas was 
adsorbed on materials such as silica gel 

The session on nuclear magnetic resonance was 
opened by J G Powles (London), who gave a summary 
of motional effects which can be studied by nuclear 
Magnetic resonance, including numerous examples 
of the various types of effect which may occur He 
pointed out that examples of many of these would be 
found m the followimg papers but gave a number of 
extra, ones in order to provide a balanced picture of 
the potentialities of the method 
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There were several papers on motional effects in 
hydrocarbons which were concerned with the elueida- 
tion of the molecular motions occurring mn these mole- 
cular crystals E R Andrew (Bangor) summarized 
his recent work on macroscopic motional effects, 
extending his considerations to quadrupolar effects 
and showing ın particular how macroscopice motional 
experiments may help m deciding the nature of a 
magnetic interaction A paper by K Luszezynski 
(London) diseussed the rather complex motional 
effects ın the polymer polyzsobutylene J A E 
Kail and J G Powles (London) had studied the 
molecular motion in ?sobutyl bromide, which is of 
interest since 1b 1s readily obtained esther as a crystal 
or as a supercooled liquid over a wide temperature- 
range The value of nuclear magnetic resonance 
measurements made at kilocycle frequencies was 
pointed out by G  Hochstrasser (Geneva) The 
interest in comparing nuclear 1esonance and self. 
diffusion parameters m mobile liquids of long-cham 
compounds was discussed by D Cutler and J G 
Powles (London) M P McDonald (Heston) pre- 
sented high-resolution results on amphiphilie solutions 
which have liquid crystal phases D J Kroon and 
C v d Stolpe (Eindhoven) reported nuclear resonance 
measurements which throw light on the movement 
of hydrogen in the alloy Th,Al, which 1s used 
as a getter H Winkler (Leipzig) discussed the 
nuclear resonance of water sorbed on alumma, which 
lnks up nicely with the correspondmg measurements 
reported m the Dielectrics Session by G Ebert 
(Lempzig) I Solomon (Saclay) reported a new method 
of measuring long nuclear resonance relaxation 
times 

The session on pure quadrupole resonance was 
opened by M Buyle-Bodm (Grenoble), who gave an 
excellent summary of the motional effects which are 
to be found and included an appreciation of his own 
valuable contributions in this field J L Ragle 
(Amherst, Mass ) reported work which indicated the 
motional effects m  1,2-dichloroethane It was 
reported by F Herlach, H Granicher and D Itschner 
(Zurich) that a new phase transition had been found 
m potassium 10date by nuclear quadrupole resonance, 
and the value of this method ın detecting such ‘weak’ 
transitions was pointed out 

Tıme was then given to an informa] discussion on 
commercial instrumentation in magnetic resonance 
A number of firms briefly described ther products 
and this was followed by & general discussion The 
time and occasion were appropriate smce the amount 


SEMICONDUCTING 


NE of the most important aspects of semui- 
conductor physics m recent years has been the 
search for materials which yield devices capable of 
operating at higher temperatures than germanium 
and silicon In this search, silicon carbide has been 
regarded as an important candidate, although, 
indeed, there are others For silicon carbide, the 
high temperature of formation implies a high degree 
of stability at all temperatures likely to be encoun- 
tered by devices Moreover, the material can be 
iegarded simply as silicon in which half the atoms 
have been replaced by the chemically similar carbon 
In this way, much of the available information. con- 
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of commercial instrumentation available is at present 
rapidly mereasing It was of interest to note the 
great difference ın tone and objectivity between a 
commercial and a scientific discussion 

In the session on electron spin resonance it was 
evident that motional effects are less important and 
appear very much as a by-product D J E Ingram, 
M Fujmoto and M O Saxena (Southampton) re- 
ported expermnents indicating two types of motion 
one in which rate of radical diffusion in an organic 
glass could be measured, and another m which the 
spectrum differed with temperature, which was taken 
to indicate an effect due to reorientation of methyl 
groups within the radical It was unfortunate that 
no paper was offered m which the motional averaging 
of the anisotropic hyperfine splittmg was discussed 
In a strikmg paper, K H. Hausser (Heidelberg) 
showed how the resolution of hyperfine spectra m 
free-radical solutions depends on the optimum. condi- 
tion for observation. of detail m the spectrum, which 1s 
essentially a motional effect and which must be 
arranged to give optimum relaxation parameters 
Presumably motional effects can be studied m this 
way although this was not emphasized in the paper 
A Landesman (Saclay) reported a study of the 
(SO,),NO2- 10n m solution by measurement of the 
solvent protons 

Durmg a session on motional effects m irradiated 
materials, J S van Wiermgen and A Kats (Emd- 
hoven) reported paramagnetic resonance spectra of 
irradiated fused silica at liquid-nitrogen temperature 
which were due to hydrogen atoms formed from water 
mpurities The variation of these signals with 
temperature and time was used to study the motion 
of the hydrogen atoms A Losche (Leipzig) reported 
proton magnetic resonance measurements on nylon-6 
which had been subjected to doses of comparatively 
weak y-radiation over periods of several months 
The radiation causes chemical changes which affect 
the molecular mobility of the polymer and hence the 
nuclear signals It was suggested that this might 
be a suitable method of measuring integrated radiation 
doses when the intensity 1s rather low 

The papers presented at the conference, but not the 
discussions, are bemg published ın a special issue of 
Archives des Sciences (price 25 Swiss francs) Copies 
may be obtamed by writing to the Secretariat 
AMPERE, Institut de Physique, Bd d’Yvoy, 
Geneva, Switzerland 

The next Colloque AMPERE will be held in 
Pisa, Italy, 1n September 1960 J G Pow es 


SILICON CARBIDE 


cerning, for example, the effect of impurities in 
germanium and silicon. should be applicable to silicon 
carbide also, considermg that the bonds are 
almost wholly covalent Agam, the relatively 
wide band gap would promise a large measure of elec- 
trical stability over a wide range of temperature 
These advantageous features tend, unfortunately, to 
be balanced by a major practical difficulty, namely, 
that of growing single crystals with a controlled 
content of additives and crystal defects 

In order to explore these problems and to make a 
general assessment of our present knowledge, a 
major conference was recently held at Boston during 
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April 2-3, sponsored by the U S Ar Force Cambridge 
Research Center and under the chairmanship of Dr 
J R O'Conno The US Arm Force-Cambridge 
Research Center has for some time been the principal 
agency engaged on the task of mutiatmg, supporting 
and co-ordinating a comprehensive iesearch pro- 
gramme on silicon carbide, covermg fundamentals 
and devices on a long-term basis Forty-six papers 
were presented, dealing with such matters as the 
phase relations of the siheon— carbon system, 
methods of crystal preparation (by sublimation, 
gaseous cracking, epitaxial growth and from solution), 
Siheon carbide as a solid (crystal structure, sw face 
morphology, oxidation), silicon carbide as a semi- 
conductor (band structure, electrical and optical 
properties) and silicon carbide devices 

Recent phase studies show that silicon carbide does 
not decompose thermally below 2,830° C, contrary 
to earher reports Large smgle crystals of the 
material have, of course, been available for a long 
time , but, as a rule, these appear only accidentally 
in the course of manufacture of silicon eaibide in 
large furnaces which do not permit accurate contiol 
In comparison, the laboratory methods hsted above 
lead to crystals of much higher purity (for example, 
as assessed by neutron activation and spectrographic 
methods) but of very much smaller size It has been 
widely suggested that the scale of the operation may 
have an impoitant influence on the outcome and 
that, in any event, the temperature gradient m the 
dnection of growth should be brought under control 
Crystal growth from solutions of silicon or iron — 
silicon alloys supersaturated with carbon has yielded 
plates up to 8 mm across and 05 mm thick The 
optimum growth conditions have not yet been 
determmed The structural studies are, of course, 
devoted to the well-known property of silicon carbide 
of formmg a great variety of polytypes which are 
nob yet fully understood There is as yet no 
evidence of any definite connexion between polytype 
formation and impurity content, but interesting 
ielationships are known to exist between the poly- 
typic structure and the geometry of the spiral growth 
surfaces 

The width of the forbidden energy gap, derived 
from optical absorption measurements, has been 
found to be 2 86 eV at 300° K , witha temperature 
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AVAILABILITY OF 


A MEETING of the British Society of Soil Science 
held, by kind permission, at the London School 
of Economies on April 9, was devoted to considera- 
tion of the factors which determine the availability 
of nutrients in the soil Five papers were presented 
and discussed 

Dr R K Schofield (University of Oxford) referred 
to the successive stages ın transfer of nutrients from 
the soi surfaces, through solution to the roots 
where metabolic assimilation takes over, any one 
stage may provide a hmuting factor ın the supply 
to the plant and the problem is to unravel their 
relative importance Extraction with a weak 
electrolyte such as calcium chloride goes some way 
towards characterizing the mtensrty factor of phos- 
phorus m the soil, but use of phosphorus-32 and 
calcrum-45 has given a better understanding of 
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coefficient of —3 3 x 10-4eV deg C The existence 
of impurity bands has been inferred from observations 
of electrolummescent spectra as a function of tem- 
perature and current density The electrolumunes- 
cence itself 1s now firmly believed to be due to the 
injection of minority carrieis through p-n junctions 
and their subsequent recombmation m lummescent 
centres, even though many details still remain to be 
clarified An electron mobihty of 32 cm 2/volt-sec 
has been quoted for material contaming 10% to 
1027 donors/em ? 

The question of departmes from stoichiometry 
1s still highly contioversial It 1s not yet known 
whether such depaitures exist to any significant 
extent and whether they lead to donor or acceptor 
formation if they do The mmority carrier lıfe- 
time, measured by observing the photoconductive 
decay following the cessation of an optical stimulus, 
1$ very short but can reach a few tenths of a micro- 
second This fact, coupled with the relatively small 
carrier mobility, makes the design of silicon carbide 
transistors a problematical prospect It 1s, however, 
believed that such transistors, whether unipolar oi 
bipolar, could now be made if the best available 
crystals were used ın conjunction with the most 
sophisticated micromanipulation techniques In 
practice, gallium phosphide, with its lower melting- 
point (— 1,340? C), wide band gap (2 25 eV ) and 
higher carrier mobilities may prove to be an important 
competitor Apart from this, there are far prospects 
for device applications m the field of high-tem- 
perature rectification p-n junctions can be prepared 
by the usual dopmg techniques and a finshed encap- 
sulated rectifier capable of operation at 500° C was 
described The more famihar appheation of silicon 
carbide for the manufacture of non-hnear current 
devices ('varistois') ıs still of great mterest The 
behaviour of these devices 1s now reasonably well 
understood, even though the detailed circumstances 
may be complicated by thermal effects, impact 
lonization and the current-dependent charges m 
intergranular surface states 

The proceedings of the conference were summarized 
by a review panel under the chanmanship of Dr W 
Shockley They will be published m book form by 
Pergamon Press 
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PLANT NUTRIENTS 


the labile pool of these nutrients and a measure 
of the capacity factor The low concentration of 
phosphorus extracted by calerum chloride compared 
with the amount isotopically exchangeable suggests 
that the time of transit between absorption. sites 1s 
small Uptake by roots mtroduces another factor, 
but pot experrments with cabbages, barley and lupins 
using phosphorus-32 showed no differences in the 
supplies accessible to these plants Judged by the 
specific activity of the phosphorus in the plants and 
in various soil extracts, calcium chloride solution 
or water gave a better assessment of availability 
than did many of the solutions often used in soil 
analysis, these liberated phosphorus which was not 
available to plants 

Dr P Newbould (University of Oxford) described. 
experuments with calerum-45 uniformly mixed with 
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two soils m pots The specific actrvity of calcrum 
absorked by barley and ryegrass fell steadily durmg 
growth owmg to a slow equilibration with forms of 
calcium other than exchangeable calcrum As 
roots locally depleted supplies of labile calcium, more 
ealerum came into circulation Exchangeable and 
available ealemm can no longer be regarded as 
synonymous, and the latter 1s affected by the activi- 
ties of plant roots 

Dr E Scott Russell (Agricultural Research Council 
Radiobiological Laboratory) directed attention to 
different steps in nutrient absorption by roots and 
stressed that the effective area of absorption was 
restricted to & region near the apices The avail- 
ability of a nutrient to a plant may be influenced by 
interactions with other ions either by competition 
or by physiological changes Dr. Scott Russell 
referred to work which suggested that the mdividual 
root-absorption characteristics of different crops 
influenced the apparent availability of a nutrient such 
as phosphorus ın a soil 

The probable parts played by micro-organisms were 
described by Mr J 8. Waid (Levington Research 
Station, Ipswich), who stressed that much of the 
evidence was circumstantial and required further 
substantiation Organisms are known to be able 
to merease the water solubility of nutrients by 
oxidation or reduction, and by the decomposition of 
organic materials, the availability of nitrogen 1s 
mtimately bound up with biological processes Soil 
orgamsms may compete with roots for soluble 
nutrients especially when stimulated by supplies of 
organic materials, some of which may be provided 
by the roots themselves, production of carbon 
dioxide or toxins may affect the physiological activity 
of plant roots 

Dr G W Cooke’s paper (Rothamsted Experi- 
mental Station) described the problems of assessing 
the nutrient status of a soil for advisory purposes 
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here the criterion 18 the probable economic response 
of various crops to fertilizer dressings, and in this field 
soil analysis has not made much progress The 
results generally distinguish between the broad levels 
of nutrient status for phosphorus and potassium, but 
m order to avoid crop failure m the exceptional cases 
the overall applieation of these fertilizers 1s about 
double the amount that is economically justified 
The assessment of the nitrogen status of soils 18 even 
more uncertain, and there 1s an acute need for the 
development of fresh analytical techniques tested 
against field trials Dr Cooke suggested that a 
more successful approach might le m the use of soil 
analysis for ‘fertility control’ whereby a record was 
maintamed of the fertility status of a sod so that 
warning was given of abnormalities before they 
became acute 

In the open discussion which followed these papers 
the following pomts were among those made 

Correlation between soil analyses and field responses 
is poorer in tropical and other under-developed 
areas than i6 15 in Britam, yet the need for reliable 
soil tests 13 even greater Different speakers stressed 
the mmportance of studymg the anomalous sous m 
order to discover which factors affectmg the avail- 
abihty of nutrients have been neglected Analysis 
should not be divorced from examination of profiles 
&mce often these showed some physical property 
which meant that, while nutrients might be available 
in the chemical sense, they were accessible to plant 
roots 

Tho value of plant analysis 1n relation to fruit crops 
and forestry was mentioned; by this means it 
may be easier to recognize an mteraction effect which 
1s not revealed by soil analysis Some progress was 
also reported on the development of techniques for 
determmmg the nitrogen status of soils this seems 
to be greatly affected by re-wetting of air-dry 
samples D V CRAWFORD 


AHMEDABAD MILLOWNERS' TEXTILE INDUSTRY'S RESEARCH 
ASSOCIATION ` 


A TEXTILE research laboratory, created and sus- 
tamed by the co-operatıve effort of the mdustry 
and tho Government of India, was envisaged by the 
Ahmedabad Millowners’ Association as early as 1944 
In 1947, the Ahmedabad Textile Industry's Research 
Association was registered with a membership of 
seventy-one mills Ahmedabad thus became the 
proud pioneer in establishmg 2 co-operative research 
centre for the cotton textile mdustry in India 

The Association started functioning in 1949, and its 
unpact was soon felt by the mdustry m and around 
Ahmedabad It became clear to the original members 
that the benefits accruing from research could with 
advantage be placed at the disposal of the industry 
on a nation-wide basis With this object m view, the 
constitution of the Association was suitably amended 
so that mills outside Ahmedabad could become mem- 
bers and enjoy the same research benefits as the 
original founders The present strength of members 
including all categories stands at eighty-eight mills 
and allied concerns, comprising thirty lakhs of spmdles 
and sixty-three thousand looms—roughly one-third 
of the Indian cotton textile mdustry 

The policies of the Association aro decided by an 
autonomous body known as the Council of Adminis- 


tration At present, the twenty-membor Council 1s 
made up of representatives of management, nominees 
of the Government of India, the director and secre- 
tary of the Association as well as directors of other 
research organizations, and co-opted scientists The 
Textile Commussioner 1s one of the nomunees of the 
Government of India Shr: Kasturbhai Lalbhai has 
been the chairman of the Council from its incep- 
tion 

The composition of the Council ensures a balanced 
and co-ordinated research poliey which takes into 
account similar efforts by other textile research 
mstitutions and national laboratories Further links 
with Government and with national research m 
related spheres have been established through 
the Mmistry of Scientific Research and Cultural 
Affairs 

The Association began modestly in 1949 ın three 
rooms in the Mafatlal Gazalbhai Science Institute 
The foundation stone of the present building, which 1s 
housed on a 50-acre campus to the west of Gujarat 
University, was laid by Sardar Vallabhbhat Patel in 
November 1950 The building was completed towards 
the end of 1953 and formally declared open by Shri 
Jawaharlal Nehru m April 1954 
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The laboratories of the Association are equipped 
with instruments for research in textiles and alhed 
fields. Some of these instruments have been designed 
and fabricated there The physics laboratory has 
equipment for studymg the structure and physical 
and mechanical properties of fibres, yarns and fabrics 
The chemistry laboratory has, in addition to the 
usual facilities for analysis of textile matenals, a 
unit processing section equipped for the treatment of 
samples of yarns and fabrics through processes such 
as bleaching, dyemg, prmtmg and fimshmg The 
pilot mill is a versatile unit and its machinery offers 
a wide range of processing sequences m spmning, 
‘weaving and chemical processmg The workshops are 
equipped for the dual purpose of serviemg mull 
machinery and of designing, fabricating and servicing 
laboratory struments. 

The Association owes 1ts success in large measure 
to the enthusiasm of its workers Most of these 
workers have been recruited from universities 
and mutiated into specialized fields of industrial 
research When necessary, traming has been supple- 
mented by periods of study m overseas institutions 
Technical assistance schemes such as the Point Four 
Programme, the Colombo Plan and the Imperial 
Chemical Industries Fellowships have been of great 
value. From a small group of about twenty-five 
workers in 1949, the Association has developed mio 
an organization with a total strength of 200, which 1s 
made up of 75 scientists and technologists, 25 admınıs- 
trative workers, 40 skilled operatives and 60 service 
personnel 
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GLASSHOUSE CROPS 


HE annual report of the Glasshouse Crops Re- 
search Institute for 1957* shows that, although 
full facilities are not yet available, the physical de- 
velopment of the Institute has made good progress 
and some of the major problems associated with com- 
mercial glasshouse practice have been investigated 
Physiological studies of the growth of tomatoes have 
continued, and practical problems of plant spacmg 
and pruning have received attention Previous 
studies at Cheshunt and the Institute havn shown 
that retention of lateral branches below the first 
truss, on widely spaced plants, of the variety 
‘Potentate’ gave a yield nearly three times as great 
as on single-stemmed plants It was of importance to 
discover whether this constituted an mcrease m yield 
per unit area of glasshouse space, the factor of most 
concern to the grower This has been investigated in 
preliminary experunents by comparing the yields 
from plants having no side shoots and plants m 
which side shoots below the first truss had been 
allowed to develop Three different spacings between 
the rows were used The greatest yield per unit area 
was obtained from single-stemmed plants at the two 
closest spacings, namely, 2 ft and 3 ft, although 
roultistemmed plants at 3 ft and 4 ft spacings had 
the greatest mean weight of mdividual fru No 
treatment had any effect on weight per unit area of 
early fruit 
A review of the literature on spaemg of tomato 
plants m commercial cultivation, included in the 
report, shows that there is no simple answer to the 


* Glasshouse Crops Research Institute Annual Report 1957 
161 (Littlehampton Glasshouse Crops Research Institute, 1958 ) 10s 
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The services of a number of foreign specialists have 
been secured from time to time with the assistance 
of organizations hke Unesco and the International 
Labour Organization, in 1956 the Association was 
recognized by Gujarat University as a teaching centre 
for postgraduate research At present most of the 
research students are awarded scholarships or fellow- 
ships by the Government of India, the Council 
of Scientific and Industrial Research, Gujarat 
University and the Association 

In a technologically under-developed country, 1b 18 
often the path of least resistance to apply to one’s 
own use the findmgs of more advanced countries 
Durmg the early days, the Association emphasized 
the application of scientific and technical knowledge 
already available to the problems of the mdustry 
This practice of helpmg the industry to implement the 
findmgs of research has paid rich dividends and con- 
stitutes one of the maim activities of the Association 
at present In the process, mdustry has become wide 
awake to the potentialities of origmal research and 
has cordially welcomed the Association's efforts 

Whue bemg primarily a reseaich organization the 
Association tries to help mdustry m other ways Tram- 
ing 1n various skills, such as management and super- 
vision, statistical methodology and testing procedures, 
is given to the staffs of member mills Such tramed 
personnel not only become better equipped for their 
work, but also help m securing more effective imple- 
mentation of the Association’s programmes Often, 
they form the nucleus of research and trainmg 
groups in ther own organizations 
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question of optimal plantmg density for maximum 
yield It ıs thought that this may be because m- 
sufficient attention has been given to possible inter- 
actions between planting density and watermg and 
manurmg The study of the composition of the 
tomato frut has been contmued by the Chemistry 
Department, especially in relation to variety and 
state of ripeness of the frwt, with special reference 
to frut quality and ripening disorders. It was con- 
cluded that the latter, evident by their effects on the 
outer fruit wall, were also related to the composition 
of the mner portion of the fruit Further mvesti- 
gations were made of the changes durmg rrpenmg 
The acidity m the wall mereased from the green 
stage to the first appearance of yellow pigmentation, 
but there was no consistent trend as ripening pro- 
ceeded This was ın contrast to the situation in the 
mner portion of the fruit, where acidity decreased 
and sugars (mainly glucose and fructose) increased 
The concentration of soluble solids m the expressed 
sap of the tomato varies considerably in relation to 
fruit quality and variety These mvestigations will 
be facilitated by the demonstration that measure- 
ment of refractive index by a simple hand refracto- 
meter gives a reliable mdication of total dissolved 
solids 

Work on urea-formaldehyde compounds as slow- 
acting nitrogenous fertilizers has been concluded, and 
& report gives the relative merits of the several 
compounds tested Liquid feeding of tomatoes is of 
considerable topical mterest, especially m connexion 
with automatic irrigation, and research on this 
problem has been resumed Magnesium deficiency 
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m. glasshouse tomatoes 1s common, and prelimmary 
results indicate that folar sprays contamung mag- 
nesium are more effective than soil treatments in 
mamtammg normal leaf colour The plant-breedmng 
programme 18 concerned mamly with improvements 
of tomato, cucumber and lettuce 

The investigations on. Didymella stem rot of tomato 
have been contmued by the Plant Pathology Depart- 
ment, which 1s also concerned with powdery mildew 
of cucumber and wilt disease of carnation as well as 
mushroom diseases Some experiments were carried 
out on chemotherapeutic control of tobacco mosaic 
virus in the tomato, but ıt was concluded that this 
approach ıs not promising Although insecticides 
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properly apphed should give adequate control of 
white fly, there are sometimes risks of chemical 
myury to plants, and for this reason interest has been 
revived m the method of biological control by wasp 
parasites The Entomology Department has begun 
a series of studies on the effects of environmental 
factors on the fecundity and development of white 
fly and on the host/parasite balance Other investi- 
gations by this Department molude mushroom. pests 
and the red spider mite The Crop Protection 
Department 1s concerned with the control of mildew 
of chrysanthemums and aphids on lettuce and with 
the residual toxicity of certain sprays 
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RADIOLOGICAL HAZARDS TO PATIENTS 


T the end of 1956, the Secretary of State for 
Scotland and the Mmuste: of Health appomted a 
committee ‘to review the present practice n diagnos- 
tic radiology and the use of radiotherapy m non- 
malignant conditions, having regard to the report 
of the Committee on the Hazards to Man of Nuclear 
and Alhed Radiations" 

This committee, unde. the chairmanship of Lord 
Adrian, has now produced an mterim report (Ministry 
of Health, Department of Health for Scotland 
Radiological Hazards to Patients — Intermm Report 
ofthe Committee Pp 22 London HM Stationery 
Office, 1959 ls 3d net) for the one completed part 
of its survey, namely, the use of X-1ays fo. mass 
miniature radiography The conclusion 1s diawn that, 
when properly conducted, exammations by this 
method make a negligible contiibution to the total 
radiation to which the population is daily exposed 
Even on the most pessimistic assumptions, the 
indefinite continuation of mass mmuature radiography 
at the present rate could add no more than 20 cases 
of leukæmıa to the annual meidence of 2,500 cases m 
Great Britain, 36 1s also possible that it would pro- 
duce no additional cases at all The gonad doses, 
which determine the long-range genetical damage, 
have been found to be even smaller than previously 
estimated These very small somatic and genetical 
risks have to be considered 1n relation to the undoubt- 
edly large benefits of mass miniature radiography to 
the health of the population In 1957, these examina- 
tions led to the discovery of nearly 18,000 cases of 
pulmonary tuberculosis and some 63,000 other 
abnormalities, which mcluded lung cancer, heart 
disease and pneumoconiosis For children and 
pregnant women, mass miniature radiography 1s not 
recommended and should be replaced by normal 
radiographic procedures with strict limitation of the 


field to the chest Some general piinerples are also 
given for reducing unnecessary exposure in other 
forms of diagnostic radiology, m particular fluoro- 
scopy, but the survey of this area 1s not yet com- 
pleted 

There 18 one statement m the mtioduction (para- 
graph 10) which may give rise to serious misunder- 
standmgs It ıs stated, correctly, that a dose of 
radiation which would double the present mutation- 
rate would cause perceptible damage to the popula- 
tion, and that this dose 1s estimated to he between 
10 and 100 r per generation lt 1s also correct to 
say that at present the dose due to medical radiology 
does not exceed 3 rads per generation But ıt 1s only 
for the sake of convenience that genetical damage 1s 
usually estimated m terms of the ‘doubling dose’ 
There 1s no lower threshold to the genetical effects of 
10mzing radiation, and serious genetical damage will 
be produced already by doses which are far below 
the doubling dose In fact, the report of the Medical 
Research Council came to the conclusion that, from 
the pomt of view of genetical hazards, “the upper 
lumit, which future knowledge may set to the total 
dose of extra radiation which may be received by the 
population as a whole, ıs not likely to be more than 
twice the dose which is already received from the 
natural background, the recommended figure may 
indeed be appreciably lower than this” On this 
evidence, the danger hmt has already been 1eached 
or even. exceeded 1n countries where X-rays are used 
extensively for medical purposes Against this 
damage to future generations we must, however, set 
the benofit to the present one and, although all means 
must be used to cut down avoidable exposure to 
radiation, a high amount of exposure will remain 
unavoidable if the present standards of medical 
service are to be maintamed 


FEEDING THE HUNGRY 


HE practical way to wage war on want was the 

theme of an outstanding address at St John’s 
College, Annapolis, Maryland, on April 9 by Mr 
Gerard Piel, publisher of The Screntific American 
Following an account of the way in which science 
has given man unlimited power and opportunities to 
change the material conditions of life, Piel shows 
how it 1s now possible to bring the elimination of 
want within the reach not only of the present 


generation but also of all future generations Want 
1s no longer a challenge to technology, but to econ- 
omues and politics, i6 1s a social problem Thanks 
principally to the control of mortality, the under- 
privileged peoples are living longer and feeling well 
enough to do somethmg about ther plight These 
aroused people are still extracting the irreplaceable 
resources of their lands to feed the voracious appetite 
for 1aw materials of Western peoples At present the 
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Umted States imports from overseas iron ore, 
bauxite, oi and a host of commodities m greater 
volume than ever before In some American sectors 
the technology 1s perilously dependent upon riches 
supphed so cheaply The goodwill and compliance 
of the natives have immediate relevance to the 
American price structure 

It 1s impossible to stop at the churlish counsel 
that the Colonials should reduce their numbers 
Ther population is rismg because the modicum of 
sanitation introduced to protect white Colomals in 
their midst has reduced their rate of mortality as 
well Ther numbers are increasing, according to 
United Nations studies, at a rate that exceeds I per 
cent per annum Since the end of the Second World 
War ther material condition has been in corre- 
spondmg decline, their calorie intake has actually 
fallen 

To offset the claim of population growth and 
reverse the declme in their condition, they must 
merease their production at a rate greater than their 
population growth The larger the differential, the 
faster will their lot improve Such an objective ıs 
not only technologically but also politically and econ- 
omically feasible American industrial growth has 
averaged 5 per cent over long periods , 1t has reached 
8 per cent under mtense pressure The growth of 
agricultural output has correspondingly proceeded at 
the rate of 2 per cent m normal timmes In response 
to the economic cycle and to controlled prices and 
other regulatory devices, it fluctuates over an even 
wider range The present curtailment of gram pro- 
duction m the United States represents 200,000 tons, 
which approximates to the calorie deficit for the 
underfed portion of the world population 

About 500 billion dollars over the next fifty years 
would secure an average gam per annum of 2 per 
cent m industrial production and a corresponding 
increase in agricultural output m non-Western areas 
Not all the 500 billion dollars would have to be 
supphed from outside At about the halfway pomt 
the new industrial centres would begin to generate 
some additional capacity of their own 

Bed-rock mvestments, however, are not particu- 
larly attractive to the world’s capital market These 
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mvolve such elementary pubhe utihties as com- 
munication systems, moeludmg highways as well as 
railroads, and dams for flood control and irrigation 
Investments in such projects call for the kind of 
funds now written off on armaments A long-range 
view should be taken m looking for return on 
investment i 

Western technology is specially qualified to con- 
tribute to the soarmg demand for electrical energy 
which will attend mdustrialization programmes But 
the demand for huge volumes of energy, heavy 
equipment and big mvestment would not come at 
the outset First, there is need for planning and, 
then, engmeermg Many of the early gams m these 
areas would be achieved with very litle expenditure 
on capital goods The first requirement is for brams 
and knowledge  ' 

An example of what can be accomplished is fur- 
nished by Mexico For the past twenty years the 
Rockefeller Foundation has been working with the 
Ministry of Agriculture and Animal Husbandry of 
Mexico At a cost of less than 2 million dollars a 
year, American agronomists have been supplied to 
Mexico, and young Mexicans have been tramed m 
the agricultural sciences In this period, the food 
production of the country has risen 80 per cent 
The gains have been achieved by improved yields of 
Mexico's own staple crops, the development of new 
varieties of wheat and potatoes and the establish- 
ment of something like the American county-agent 
system for farmer education Not a single tractor or 
fertilizer plant is m the expense account, the money 
has been spent on the intangibles of information, 
education and expert consultation The 4 per cent 
per annum gain safely exceeds the 3 per cent merease 
in population and bas brought an improvement m 
the people’s diet which 1s already showing up in vital 
statistics 

Somewhere m American material and intellectual 
resources the capacity to expand on this precedent 
could be found If a begmnmg could be made, 1t 
would soon be possible to have additional wealth 
and brams available for the task as a result of the 
attenuation of the arms race on which prosperity 
now rests so heavily and msecurely 


SYMPATHETIC POSTGANGLIONIC MECHANISM 


By Pror J H BURN, FRS, and M J RAND 
Department of Pharmacology, University of Oxford 


URING recent years ıt has been demonstrated 

that acetylcholine exerts an action m various 
organs similar to that of sympathetic stimulation 
Since this action 1s seen m the presence of atropme 
and is also exerted by nicotine, it follows that the 
action 1s not a muscarmie but is a nicotinic action 
An example of this action is the contraction of the 
arrectores pili muscles ın the skin of the cat’s tail 
This was first described by Brucke! for acetylcholme, 
and a few years later by Coon and Rothman? for 
nicotine Most of the hair was removed from the 
cat’s tail except for a few tufts, and acetylcholine 
or nicotine was injected into the skin at the base of 
the tufts Puilo-erection was then observed Normally 
the pilomotor muscles are caused to contract by 
sympathetic stimulation, and they also contract 


after the intravenous mjection of adrenalme or nor- 
adrenaline Other examples of sympathomimetic 
effects caused by acetylcholme or by nicotme in the 
presence of atropine are the relaxation of the isolated 
intestine of the kitten by nicotine? , the acceleration 
of the isolated atria of the rabbit‘ and the constriction 
of the vessels of the perfused rabbit ear by acetyl- 
choline and by nicotine 5, the contraction of the 
isolated nictitating membrane of the cat by nicotme® 
de Burgh Daly and Scott (unpublished work) have 
observed that acetylcholine injected ito the splenic 
artery durmg perfusion of the spleen with blood 
caused contraction of the spleen We are grateful 
to them for allowing us to quote this result 

These nicotme-like effects of acetylcholine, exerted 
at sites peripheral to sympathetic ganglia, thus 
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resemble the effects of sympathetic stimulation , 
they are not seen in preparations from animals 
treated with reserpme. ‘Tissues innervated by 
sympathetic nerves were found by Schmiterlow’ 
and by Euler and Purkhold? to contam noradrenaline 
together with a much smaller amount of adrenaline 
After treatment of rabbits with reserpine, the nor- 
adrenaline which can be extracted from the heart 
disappears? Similarly after treatment with reserpine, 
the noradrenaline disappears from the aorta of the 
dog and of the rabbit, from the skin of the rabbit’s 
ear and from the skm of the cat’s tail, from the cat’s 
spleen and from the iris of the cat’s eye’? 

The mcotine-hke actions of acetylcholine are also 
lost when the sympathetic fibres degenerate, and this 
degeneration 1s also accompanied by a loss of the 
noradrenaline which can be extracted from the 
organ®,0b 

The conclusion may therefore be drawn that the 
nicotine-hke actions of acetylcholine which have 
been described are due to the release of nor- 
adrenaline (possibly with adrenalme also) from the 
organ. 

At present we are uncertain of the location of the 
noradrenalme ın the organ wv Euler believes that 
ib is contamed withm the postganghonic fibres, 
calculating that the amount may be 3-30 mgm /gm 
This 1s one thousand times more than that m post- 
ganglionic fibres before they reach the organ This 
amount is only of the order of 15 ugm /gm The 
disappearance of the noradrenalme after degeneration 
of the nerves 1$ readily explamed if ıt 18 present m 
the nerves 

There 1s some evidence, which as yet is only sug- 
gestive, that the noradrenaline and adrenalme m the 
organs might be present in cells contaming chromaffin 
granules Such cells have been deseribed in human 
skm by Adams-Ray and Nordenstam", and also by 
Burch and Phuhps? They have been found in the 
skin of the rabbit/s ear, m the skm of the cat’s tail 
and in the nictitatmg membrane The chromaffin 
granules are greatly reduced or disappear m the tissues 
of animals treated with reserpme, or in tissues in 
which the sympathetic fibres have degenerated. 
Thus ıt is possible that the meotme-hke actions of 
acetylcholine are due to the release of noradrenaline 
and adrenalme from cells contamimg chromaffin 
granules However, Muscholl and Vogt! have 
found that reserpine depletes the noradrenaline stores 
in. the sympathetic neurones more readily than those 
1n. chromaffin cells 

Tyramine 1s a sympathomimetic amme which 
ceases to act after degeneration of the sympathetic 
fibres!5 Its pressor action is also absent in the cat 
previously treated with reserpme*® The conclusion 
may be drawn that tyramme exerts its action by 
liberating noradrenaline and adrenalme from the 
store ın the organ Simce an infusion of noradrenalme 
into the vein of a cat or into the blood perfusmg the 
hind-leg of a dog increases the pressor and constrictor 
action of tyramine, or restores 15 when ıb 1s absent 
due to previous treatment with reserpine, it appears 
that the store of noradrenaline m the organ can be 
increased by taking up noradrenaline from the 
blood stream!" 

The effect of sympathetic stmmulation also 1s ım- 
creased as a result of an mfusion of noradrenaline 
If the volume of one hind-leg of a dog 1s recorded m 
experiments ın which the lumbar sympathetic cham 
is stimulated, then, atropine having been given, the 
threshold strength of stimulus for causing vaso- 


NATURE 


July 18, 1959 VoL 184 


constriction m the himd-leg can be determined. 
Followmg an mfusion of noradrenaline, the total 
amount given to the dog bemg 0 2-10 mgm ın the 
course of 20 min, the threshold has been observed 
to fall to a mean of 40 per cent of its previous value. 
In experiments 1n which the dog's hind-leg has been 
perfused ıt has been observed that the effect of a 
given sympathetic stimulus was greatly mereased 
These observations indieate that the efficiency of 
sympathetic stimulation depends on the amount of 
noradrenaline in the neighbourhood of the nerve 
endings This may be taken up from the blood into 
the nerve endings themselves or into chromaffin 
cells, one of the functions of the noradrenaline 
secreted by the adrenal medulla may be to fill up this 
Store 

We have now considered evidence that the nicotime- 
hke actions of acetylcholine are due to the release of 
noradrenaline from a store near the sympathetic 
nerve endmgs, we have seen that this store can 
take up noradrenaline which 1s circulating m the 
blood, and we have seen that the effect of sympathetic 
stimulation depends on the size of this store We 
now turn to the sympathetic 1mpulses themselves 

When a cat 1s treated with reserpine with the result 
that the stores of noradrenalme and of adrenaline 
are depleted, the effect of tyramme on the nictatatmg 
membrane 1s completely absent, but stimulation of 
the postganglionic sympathetic fibres still causes a 
contraction The threshold strength for this effect 
is greater than the threshold m the normal cat We 
have found that the contraction produced 18 aug- 
mented by eserme and 1s abolished by atropme, and 
the contraction must therefore be due to the release 
of acetylcholine from the sympathetic fibres The 
presence of cholmergic fibres in the sympathetic 
supply to the nictrtatmg membrane was suggested 
by Bacq and Fredeneq!5 Recent work shows that 
the presence of cholinergic fibres 18 still more wide- 
spread Thus Gillespie and Mackenna!? have found 
that when a rabbit is treated with reserpme, the 
isolated colon 1s caused to contract by sympathetic 
stimulation mstead of to relax, and that the contrac- 
tion 1s abolished by atropme They concluded that 
cholinergic fibres are present m the sympathetic 
supply 

Hukovié*°, working m this Department, has made 
an isolated preparation of rabbit atria with the 
sympathetic nerves attached , when the sympathetic 
fibres from the stellate ganglion were stimulated the 
rate and amplitude of the atrial beat increased If 
the rabbit was treated beforehand with reserpme 
some preparations responded to sympathetic stamula- 
tion by inhibition, the mhıbıtor effect bemg increased 
by eserme and abolished by atropine ‘This result 
suggests that cholmergic fibres are present in the 
sympathetic supply from the stellate ganglion to the 
atria 

Observations have also been made on the cat spleen, 
recording the changes in volume of the spleen by a 
plethysmograph The nerves were separated from 
the spleme artery near the begining of the artery 
Stimulation caused contraction of the spleen which was 
unaffected by atropme When the cat was treated 
beforehand with reserpine, 1t was found that m some 
preparations acetylcholine caused a dilatation of the 
spleen, and that stimulation of the nerves was also 
followed by dilatation This dilatation was mcreased 
in the presence of eserme and abolished by atropme 
Thus the splenic nerves also contam cholinergic 
fibres Observations have also been made on the 
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virgin cat uterus, recordmg its contractions in situ 
under chloralose anesthesia When the hypogastric 
neives were stimulated, mhibition followed When 
the cat was treated beforehand with reserpine, 
stimulation of the hypogastric nerves caused a small 
contraction which was greater m the presence of 
eserine and which was abolished by atropme The 
evidence suggests that the hypogastric nerves contain 
cholinergic fibres 

The observations that the nicotine-lke effects of 
acetylcholine resemble those of sympathetic stimula- 
tion, and that these effects are exerted by the release 
of noradrenaline (or adrenaline), must now be put 
side by side with the evidence of the existence of 
cholinergic fibres in postganglionic sympathetic 
fibres m various places where they were not suspected 
It then appears that such cholmnergie fibres may be 
adrenergic in ther effect, because the acetylcholme 
which they hberate will cause the discharge of nor- 
adrenalme or of adrenalme from the peripheral store 
The stimulation of such fibres can in theory have two 
effects, one, normally much the smaller, due to the 
duect action of the acetylcholme released, an action 
which 18 sensitive to atropine, and the other, normally 
much the greater, due to the released acetylcholme 
causing a discharge of noradrenaline from the store, 
a nicotine-like action not affected by atropine This 
double effect may actually be present in the nictitating 
membrane, where the response to postganghonic 
stimulation in the normal cat 1s shghtly diminished 
by atropme, for example to about 80 per cent of its 
initial size 

Such a double effect might explam the response to 
stimulation of the sympathetic supply to the muscles 
of the dog's hind-leg, where Burn! observed that a 
stimulus for 3 sec caused dilatation, while the same 
stimulus apphed for 30 sec caused m the main 
constriction A double effect 1s possible only when 
acetylcholine has a direct muscarime action of its 
own ‘Thus in the cat treated with reserpme, stimula- 
tion of the sympathetic fibres has no pilomotor effect 
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in the tal The accumulated evidence thus requires 
consideration of a new possibility The adrenergic 
sympathetic fibre has been thought of as liberating 
noradrenaline m the same way as cholmergic fibres 
liberate acetylehohne However, cholinergic fibres, 
which seem widespiead in the postganghonic sympa- 
thetic supply, may liberate noradrenaline fiom the 
store at the nerve endings, and thus be adrenergic 
in effect 

In this account we have kept open the possibility 
that noradrenaline may not always be the main 
component of the peripheral store and that around 
some sympathetic nerve endings, in the virgm cat 
uterus, for example, adrenaline may be more impor- 
tant We have no evidence on this as yet We may 
also recall that Pines?! has described the chiomaffin 
cells ın sympathetic gangha and has given a detailed 
account of his findings that they are mnervated 
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PROTEIN BIOSYNTHESIS AND OXIDATIVE PHOSPHORYLATION 
IN ISOLATED RAT LIVER MITOCHONDRIA 


By P J REIS, J. L COOTE and T S. WORK 
National Institute for Medical Research, Mill Hill, London, N W7 


LECTRON microscopy combmed with differential 

centrifugation of sucrose homogenates has shown 
that hver parenchymal cells have a complex cyto- 
plasmic structure! After intravenous mjection of 
amino-acids labelled with carbon-14 the protems of 
the subcellular cytoplasmic structures of these cells 
become labelled at different rates In both rats and 
guinea pigs the liver microsomal fraction 1s labelled 
considerably more rapidly than the mitochondrial 
material Labelling 1s particularly rapid m the 
ribonucleoprotem fraction of the microsomes? The 
suggestion has been made that protem synthesis 
takes place mainly in the microsomal ribonucleopro- 
tein fraction and that mitochondria acquire radio- 
active protem from the microsomal fraction The 
present results and those of Bates et al ? indicate that 
rat liver mitochondria are capable of independent 
protem synthesis 


Mitochondria were isolated from rat hver by 
differential centrifugation of a 1 4 sucrose homo- 
genate Best results were obtained with a mixture 
contaming sucrose (0 3 M), versene (0 002 W) and 
nicotinamide (0 03 M), this mixture will be referred 
to as SVN The fraction collected between 1,000 
and 6,000g was washed by four successive cycles of 
re-suspension m and precipitation from SVN Washed 
mitochondria ın a mixture of sucrose (0 15 M), 
phosphate (0 01 M), tris buffer (0 02 M), MgSO, 
(0 008 M) and sufficient KCl to mamtain tonicity 
showed negligible corporation of labelled amıno- 
acids into mitochondrial protem during aerobic 
incubations The mitochondrial protein was obtained 
by precipitation with trichloroacetic acid and treat- 
ment to remove adsorbed amimo-acids, ribonucleic 
acid and lipids Incorporation was stimulated by the 
addition of either sucemate or «-ketoglutarate, 
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Ordinates left, per cent of initial rate of oxidative phosphoryla- 
tion, right, counts per min 


Fig 1 Dependence of incorporation of amino-acid into mito- 
chondrial protem upon oxidative phosphorylation Washed 
mitochondria from about 3 gm rat liver were suspended in 
55 ml of medium of the following composition tris buffer 
(0 05 M), potassium phosphate (0 01 M), potassium succinate 
(001 M), magnesium sulphate (0 008 M), potassium chloride 
(0 065 M), versene (0 0013 M), nicotinamide (0 02 M), "C-CHlor- 
ella protein hydrolysate (5 uc ), sucrose (0 11 M), added as 2 0 ml 
boiled cell sap Incubations were at 30°, in an atmosphere of 
oxygen Oxidative phosphorylation was measured essentially as 
described by Slater (ref 10), glucose-6-phosphate was estimated 
by the method of Kornberg and Horecker (ref 11) 


together with cellsap At an early stage m. the mvesti- 
gation 1t was found that, contrary to the report of 
Greengard‘, boiled cell sap was just as effective as 
whole cell sap Both the rate and the duration of 
amino-aeid icorporation mto mitochondrial protem 
could be mereased by adding progressively larger 
quantities of boiled cell sap The incorporation 
reaction was stimulated by meubation m oxygen 
instead of air and almost completely mhibited by 
incubation m nitrogen or by the addition of dinitro- 
phenol or cyanide The behaviour of the mcorpora- 
tion reaction towards imbhibitors indieated that 
meorporation was probably lmked to oxidative 
phosphorylation , ammo-acid moeorporation and 
oxidative phosphorylation were accordingly measured 
in the same mitochondrial preparation The results 
(Fig 1) showed that as the rate of oxidative phos- 
phorylation declmed, the rate of meorporation 
declined in a similar manner 

The duration of oxidative phosphorylation mn 
isolated rat liver mitochondria 1s notoriously sensitive 
to conditions of meubation® Calculation of the 
amount of adenine nucleotide m boiled cell sap 
mdieated that the final concentration of nucleotides 
in the mcubation mixture was below that usually 
required to mamtem mutochondral structure and 
oxidative phosphorylation Accordingly, the boiled 
cell sap was supplemented with 0 004 M adenosme 
monophosphate and 0 0005 M  diphosphopyridme 
nucleotide Mitochondria meubated under these 
conditions were able to maintem oxidative phos- 
phorylation and mcorporation of labelled ammo-acids 
for 2 hr at 30°, although the rate of moeorporation 
was falling off after 1 hr The work of Siekevitz 
and Potter® and of Pressman’ mdicates that the 
balance of nucleotides and of morganie phosphate 
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inside the mitochondrial membrane 1s best mamtamed 
when an acceptor for energy-rich phosphate bonds 18 
present m the medium Thus when the system was 
further supplemented with hexokmase and glucose, 
incorporation of amino-acids into mitochondrial 
protem could be maintained at, or near, a linear rate 
for 2 hr at 30° Incubations have not been carried 
beyond 2 hr 

Mitochondria are composed of a structurally com- 
plex double membrane within which are disposed 
various soluble but rather firmly bound enzymes 
It was found that 1n the presence of adenosine mono- 
phosphate and diphosphopyridine nucleotide, both 
with and without hexokmase, the msoluble proteins 
of the mitochondria were effectively labelled either 
by a mixture of ammo-acids labelled with carbon-14 
or by a single labelled amino-acid (phenylalanme) 
Soluble protem was not, however, significantly 
Jabelled even after 2 hr at 30° (soluble protem was 
released either by the butanol method of Morton’ or 
by the extraction of an acetone-dried powder of 
mitochondna with phosphate buffer) Increase in 
the amount of boed cell sap, with maintenance 
of the adenosme monophosphate and drphosphopyri- 
dine nucleotide concentration at the level given above, 
resulted m a substantial improvement 1n the efficiency 
of labellmg of the msoluble protem and produced 
shght actrvity in the soluble protem Boiled cell sap 
contains substantial quantities of amino-acids (80 
ugm ammo-nitrogen/ml ) and 16 was found that these 
could be -replaced by a complete mixture of 20 
amino-acids It was found that, as the concentration 
of these ammo-acids m the mcubation medium was 
progressively increased, the incorporation mto insol- 
uble protem rose to a maximum at an amino-acid 
concentration of 30-40 Mmi The mcorporation 
into soluble protem was mrüally low , but as ammo- 
acid concentration was increased, the radioactivity 
of the soluble protem continued to rise 1n an approxim- 
ately lmear manner ‘Thus the mcorporation into 
soluble protem of the mitochondria progressively 
becomes a greater proportion of the total mecorpora- 
tion, as ammo-acid concentration 1s increased The 
most likely explanation of these results ıs that there 
are relatively few sites of protem synthesis in mito- 
chondria (templates ?) When these sites become 
saturated with mcommg radioactive ammo-acid 
further mereage m ammo-acid concentration (of fixed 
specific radioactivity) will not result in any further 
merease in radioactivity of insoluble protein In- 
creased ammo-aeid concentration will result, however, 
m a progressively greater tendency for newly syn- 
thesized protem to be displaced from the sites of 
synthesis mto the intracisternal spaces so that there 
will contmue to be a progressive mcrease ın the rate 
of accumulation of radioactivity ın soluble protein 

There 1s no doubt that the amimo-acid corporation 
reaction measured m these experments 1s truly 
intramitochondrial and 1s not due to adherent miero- 
somes Fst, meorporation 1s not abolished by 
thorough washing of the mitochondria as described 
previously (this washmg procedure has been shown 
to remove at least 95 per cent of microsomes labelled 
with carbon-14 added to the sedimented rmto- 
chondria), secondly, the incorporation reaction 
does not require fresh cell sap with xis supply of 
soluble ribonucleic acid? and ‘ammo-acid activating’ 
enzymes, thirdly, the ieorporation 18 much 
more prolonged than that obtamed with muero- 
somes wm vuro, and fourthly, the mecorporation 
is quite unaffected by addition of ribonuclease to 
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the meubation mixture This does not, however, 
prove that ribonucleic acid plays no part im ammo- 
acid mecorporation since we have found that, even 
after 2 hr at 30° m the presence of ribonuclease, 
mitochondria retam about 70 per cent of their 
ribonucleic acid (origmally 17 vem [mgm mito- 
chondrialprotem) Indeed, the incorporation reaction 
m mitochondria may have closely similar characteris- 
tics to that occurrmg in microsomes since we have 
found that an extract of mitochondna will catalyse 
an amino-acid-dependent exchange between adenosine 
triphosphate and radioactive pyrophosphate (‘Table 1) 
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Table 1 AMINO-ACID ACTIVATION IN Rat LIVER MITOCHONDRIA 


c pm per mole adenosine triphosphate 








Extract of mitochondria Increment 
prepared from No Plus due to 
amino-acids | amino-acids | amino-acids 
06gm Liver 1,810 2,400 580 
12gm Liver 3,060 4,280 1,220 





Mitochondria were isolated and washed four times, an acetone 
powder was prepared and extracted with 01 M trs buffer, pH 7 6 
This soluble extract was incubated with tris buffer, pH 7 6, 100 
„moles, magnesium chloride, 2 „moles, adenosine triphosphate, 
5 umoles, a mixture of 12 amino-acids, 2 umoles of each , *?P-pyro- 
phosphate, about 2 umoles, 150,000 cpm , vol 1 ml  Ineubated 
for 15 min , 37° 
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Before one can be convinced that the ammo-acid 
incorporation observed in these experments repre- 
sents true synthesis of protem, 15 would be necessary 
to demonstrate synthesis of a specific protem In 
this regard the synthesis of cytochrome c has already 
been demonstrated in isolated mitochondria from rat 
liver? and calf heart? The presence of numerous 
enzymes within mitochondria suggests that this 
wm viro system should be a valuable tool in further 
studies on protem biosynthesis Work has already 
been initiated along these limes 
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STRUCTURE OF A MELANOCYTE-STIMULATING HORMONE FROM 
THE HUMAN PITUITARY GLAND 


By Dr. J. IEUAN HARRIS* 


Department of Biochemistry, University of Cambridge, 


A MELANOCYTE-STIMULATING substance 
from human pituitary glands has recently been 
isolated in pure form by 1on-exchange chromato- 
graphy! It has been shown to be a slightly basic 
polypeptide which migrates as a single substance 
when submitted to 10nophoresis on paper in pyridine- 
acetic acid buffers at pH^s of 3 6 and 6 5 

The ammo-acid sequence of the polypeptide 
hormone has been investigated by methods similar 
to those described*' for the elucidation of the struc- 
ture of o-melanocyte-stmmulatmg hormone from pig 
pituttary glands The particular methods which 
have been used were to a great extent determmed 
by the limited amount of the substance (4-5 mgm ) 
which was available for study 

Specific colour tests‘ carried out on the intact poly- 
peptide showed that 15 contained tryptophan, tyrosine, 
histidme and argmine , and when a total acid hydro- 
lysate was submitted to qualitative chromatographic 
analysis on paper the following amino-acids were 
shown to be present  alanrme, argmune, aspartie 
acid, glutamic acid, glycine, histidme, lysine, methio- 
nme, phenylalanine, proline, serme, and tyrosine 

A sample of the hormone (2 5 mgm ) was allowed 
to react with chymotrypsin (0 1 mgm) ın 0 05 M 
ammonium bicarbonate (2 ml) at pH 8 0-8 5 and 
37° for 10 hr When the product was fractionated by 
1onophoresis on paper in pyridime-acetic acid (pH 
6 5) at 40 volts/em for 2 hr ıt was resolved into five 
peptide fragments 

* Member of the Scientific Staff of the Medical Research Council 
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Table 1  AMINO-ACID COMPOSITION AND C-TERMINAL AMINO-ACIDS 
OF PEPTIDES PRODUCED BY CHYMOTRYPTIO HYDROLYSIS OF HUMAN 
B-MELANOOYTE-STIMULATING HORMONE 








Peptide Amino-acid composition C-terminal group 
€i Ala,Asp,Glu,Gly,Lys,Pro,Tyr Tyr 
C. Arg, Asp,Gly,Lys,Pro,Ser,Try Asp 
C; Arg, GlIu, His, Met, Phe Phe 
C, Asp,Gly,Lys,Pro,Ser Asp 
C, Arg,Try Try 





The ammo-acid compositions of these five peptides 
(Cy, Ca, Cy, C, and Ce) were determmed by means of 
specific colour tests’, and by paper chromatographic 
analysis of their total acid hydrolysates, the corre- 
sponding C-terminal amino-acids were determined by 
means of carboxypeptidase’ The results, summarized 
m Table 1, showed that the human melanocyte- 
strmulatmg hormone was of the *8-melanocyte- 
stimulating hormone’ type, and that ıt was closely 
related m terms of chemical structure to B-melano- 
cyte-stimulatang hormone!” from pig pituitary glands 
Thus, peptides Ca, Cs, C; and C, were found to have 
the same electrophoretic mobilities at pH 3 5 and 
pH 6 5, and the same qualitative ammo-acid com- 
positions (with the exception of C, which contamed 
arginine instead of lysine), as the corresponding 
peptide fragments? derrved from pig B-melanocyte- 
stimulating hormone by digestion with chymotrypsin 
Peptide C,, on the other hand, differed from the 
corresponding peptide fragment from pig B-melano- 
cyte-stimulating hormone, both m electrophoretic 
and chromatographic behaviour, and m amino-acid 
composition, although the C-termmal amino-acid, 
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tyrosine, and four of the other constituent ammo- 
acids—aspartic acid, glutamic acid, glycine and proline 
—were common to both peptide fragments 

The presence of lysine suggested that C, would be 
susceptible to the action of trypsin It was therefore 
allowed to react with trypsin for 4 hr at 37°, when 
the product of reaction was fractionated by 10no- 
phoresis at pH 6 5 16 was resolved into two major 
(C,TA, OC,TB,) and two mmor (C,TA,, C,TB,) 
components Ther qualitative amino-acid composi- 
tions were determined and are given in Table 2 








Table 2 AMINO-AOID COMPOSITION AND C-TERMINAL AMINO-AOIDS 
OF PEPTIDES PRODUCED BY TRYPTIC HYDROLYSIS OF PEPTIDE C, 
(Table 1) 

Peptide Amino-acid composition C-terminal group 
C, TA, Asp,Glu,Gly,Lys,Pro,T yi Tyr 

TD; Ala,Glu,Lys Lys 

TA, Asp,Glu,Gly,Pro,Tyr Tyr 

TB: Lys Ds 





One of the mmor peptide components, C,TA,, 
appeared to be identical with the N-terminal peptide, 
Asp Glu Gly Pro Tyr, m pig B-melanocyte-stimulat- 
mg bormone?, as judged by 1ts electrophoretic mobility 
at pH 6 5, Rr m butanol-acetic acid-water (4 1 5), 
aramo-acid composition, and C-termmal group The 
two major peptide components, CTA, and C,TB,, 
were both found to contain lysme , and the fact that 
a significant amount of free lysine (C, TB.) was also 
formed in the tryptic reaction suggested that the 
parent molecule, C;, contamed a Lys Lys bond, and 
that 1 was the N-terminal peptide (Ala,-Glu ) Lys Lys 
(Asp Glu Gly Pro) Tyr m the human B-melanocyte- 
stimulating hormone molecule 

After ther homogeneity had been established 
both by electrophoretic and chromatographic analysis, 
peptides TA,, TA, TB; and C, were submitted to 
partial acid hydrolysis (12 N hydrochloric acid, for 
3-6 days at 87°), peptide C, was hydrolysed 
with subtihsm® (12 hr at 37°) The respective 
products of reaction were fractionated by 1onophoresis 
on paper and were characterized by the procedures 
which have been described previously?* The 
results are summarized m Table 3 

Peptide C, was shown to give additional amounts 
of C, and C, when 16 was redigested with chymotryp- 
sin, showmg that C, and C, formed contiguous 
sequences mj the molecule By means of carboxy- 
peptidase, C, was shown to be a dipeptide contamung 
argmine and tryptophan, m a similar manner aspar- 
tic acid was shown to be the C-terminal ammo-acid 
m both C, and Cs, showing that these two peptides 
formed the C-terminal sequence, Arg Try (Gly,Ser,Pro, 
Lys) Asp, m human 8-melanocyte-stimulating hor- 
mone (cf ref 6) 

Although 1t was not found possible to undertake 
quantitative ammo-acid and end-group analyses on 
the parent molecule, the results which have been 





NATURE 


July 18, 1959 vor 184 


Table 3 PEPTIDES IDENTIFIED IN PARTIAL AcID* (12 N HYDRO 
OHLORIO AOID, 37°) AND SUBTILISIN| HYDROLYSATES 





Peptide Products of partial hydrolysis 
*C,TB, Ala Glu, Glu Lys 








*C, TA, Lys Asp, Lys Asp Glu, Glu Gly, Gly Pro Ty1 

*0, Ser Pro, Ser Pro Pro, Ser Pro Pro Lys, Pro Pro Lys, 
Pro Lys, Lys Asp 

Cs Arg Met, Arg Met Glu, Glu His, Glu His Phe 





obtamed with peptide fiagments derived from it by 
hydrolysis with chymotrypsm and trypsin neverthe- 
less appear to be sufficient to establish that human 
B-melanocyte-strmulating hormone contains twenty- 
two amuno-acid residues, and that they occur im the 
following sequence 


1 88 4 5 6 7 8 9 10 Ii 
H— Ala Glu Lys Lys Asp Glu Gly Pro Tyr Arg Met 
12 13 14 15 16 17 18 19 20 21 22 
Glu His Phe Arg Try Gly Ser Pro Pro Lys Asp — OH 


This appears to be the first of the polypeptide 
hormones from the human pituitary to be isolated in 
pure form and to be characterized in terms of its 
complete chemical structure The amino-acid 
sequences of human, pig" and ox? §-melanocyte- 
stimulatmg hormones and pig «-melanocyte- 
stimulating hormone? are compared in Fig 1 

Although human f-melanocyte-stimulatig hor- 
mone manifests a structural ‘species’ difference of the 
‘classical’ type, namely, the replacement of a Iysme 
residue (position 6 ım pig and ox f-melanocyte- 
stimulatmg hormone) by argmme (position 10 m 
human. f-melanocyte-stumulatmg hormone) m struc- 
turally related positions, the presence of the additional 
N-terminal tetaapeptide, Ala Glu Lys Lys, represents 
a hitherto unprecedented structural species variation 
among naturally occurrmg biologically active poly- 
peptide and protem molecules of relatively low 
molecular weight (for example, vasopressins'™", 
corticotropins!*, msulms!? and hypertensms™.1*) 

Ox -melanocyte-stumulating hormone? ıs found 
to differ from pig 8-melanocyte-strmulating hormone 
only ın position 2 (Fig 1), where the glutamic acid 
residue in the pig hormone ıs replaced by a serme 
residue in the ox hormone It ıs perhaps significant 
that the replacement of one amuno-acid by another 
which is structurally unrelated to ıt occurs m a part 
of the molecule which does not appear to be specifically 
essential for its biological activity*® (cf corticotio- 
pins?) Presumably genetical alterations which 
produce structural modifications of this type in 
essential parts of the molecule would result m the 
formation of molecules m which biological specificity 
was either modified or destroyed Consequently the 
fact that a lysme residue m the pig and ox hormones 
1s replaced by the structurally related ammo-acid, 
argimme, in the human hormone, and that the 
structural features common to all known g-melano- 
cyte-stimulating hormones and corticotropms’?7¢ 











[2 | 3 4 5 6 7 8 9 10|11] 12] 18 
a-MSH (pig) CH,CO-Ser |Tyr |Ser |Met Glu His Phe Arg Try Gly |Lys |Pro Val—NH, 
maces, - — EN es am i cada me 
i 4} 4|5 6 7 8 9 10 11 12 18 14 15 |16 17 18| 
8-MSK (0x) H—iAsp iSer |Gly.Pro |Tyr Lys Met Glu His Phe Arg Try Gly Ser Pro |Pro Lys Asp |\—OH 
i1 2 3 4/5 6 7 8 9 10 1l 12 13 14 15 |16 17 18) 
8-MSE (pig) H—lAsp Glu Gly Pro Tyr Lys Met Glu His Phe Arg Try Gly Ser Pro |Pro Lys Asp ,—OH 
1 2 8 4/5 6 7 8| 9 [to] 1 12 18 14 15 16 17 18 19 20 21 22] 
B-MSH(human) H—Ala Glu Lys Lys |Asp Glu Gly Pro Tyr |Arg [Met Glu His Phe Arg Try Gly Ser Pro |Pro Lys Asp i—OH 


Fig 1 








Amuno-acid sequences of a cca A Pept hormones from pig, ox and human pituitary glands 


SH, melanocyte-stimulating hormone 
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remain intact, suggests that the amuno-acids which 
occupy these key positions m 8-melanocyte-stimulat- 
ing hormone are directly associated with its biologi- 
cal activity in the «n vwo environment m which i6 
has been designed to function as a hormone 

In a-melanocyte-stimulatmg hormone, on the other 
hand, there is an wnterchange of lysine and serme 
residues between positions 3 and 11 (Fig 1), which 
correspond to positions 6 and 14 in pig and ox 
B-melanocyte-stimulating hormones, and to positions 
10 and 18 m human f-melanocyte-stimulating hor- 
mone This would suggest that factors other than 
the lmear arrangement of amimo-acid residues must 
be taken mto consideration m relating structure to 
biological function ın the lvimg cell even in com- 
paratively small peptide molecules which do not 
appear to possess any ordered secondary or tertiary 
structure m aqueous solution 

Iam indebted to Dr H B F Dixon for his generous 
gift of the sample of pure human melanocyte-stimulat- 
ing hormone Most of the experimental work was 
carried out m the Division of Biochemistry of the 
Massachusetts Institute of Technology, and I am 
indebted to Dr Vernon Ingram for his kmdness 
m placing the facilities of his laboratory at my dis- 
posal. [May 6 
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GROWTH PATTERNS IN NEUROSPORA 


A Biological Clock in Neurospora 


ANY fung: produce alternating zones of different 
growth type m response to diurnal hght-cycles 
and temperature-cycles, and m some cases the 
zonation will contmue to be produced for a time m 
continuous darkness and at a constant temperature 
In 1953 Brandt! reported observation of zonation m 
the growth and conidia formation of Neurospora 
crassa mycelia m standard glass race-tubes mam- 
tamed m constant darkness, humidity and tem- 
perature Inspection of Brandt’s photographs 
suggested to us that the zones were formed with a 
frequency of approximately one a day, and we 
have tested the umplication that there does occur m 
Neurospora a typical biological daily clock—that 15, 
a rhythmic system with an mnate circadian (‘about 
a day’) period which is relatively independent of the 
temperatuie (We aro here adopting the suggestion 
(personal communication) of Prof F Halberg that 
the word ‘circadian’ obviates all the long-standing 
confusion inherent m the words diurnal, daily, 24-br , 
as adjectives to describe the rhythms with which we 
are concerned ) 

Brandt reported that he obtamed zonation m only 
one (No 21863, prolineless) strain of several that he 
examined , and that the zonation occurred on only 
one of the supplemented media (‘Gray’s’) that would 
support growth of this stram Zonation occurred at 
constant temperature either m a 24-hr light-dark 
cycle, or in contmuous darkness after a brief period 
of initial growth m white light Zonation does not 
develop if the mycelum 1s maintamed m contmuous 
white light, but we have found that 16 can develop 
in contmuous red (carbon) hght 

In the experiments reported here the same stram 
and media as those used by Brandt were also used 
Freshly moculated race-tubes were placed ın a tem- 


perature-controlled cabinet contamung a 14-watt cool- 
white fluorescent lamp About 40 br later, when 
the myceltum was growing well, the white hght was 
discontinued and a red lamp was turned on At this 
time and at 24 hr intervals thereafter the advance 
of the mycelial front was observed (m the red hght) 
and marked on the race-tube When the growth had 
reached the end of the agar, the tube was removed 
from the growth cabmet and a densimeter device 
was used to measure relative density of the mycelium 
along its entire length The observed phenomenon 
consists of alternating zones of sparse and dense 
mycelium Prelimmary experiments failed to reveal 
any significant difference m the lmear growth incre- 
ments in the 4-hr intervals throughout any 24-hr 
interval The distribution of mycelial density has 
accordingly been converted from its observed spatial 
scale to a temporal scale Regions of dense growth 
show up as minuna on the densimeter graphs 

Fig 1 illustrates the results so obtamed from two 
typical race-tubes, one maintamed at 31°C and the 
other at 24°C Table 1 summarizes more extensive 
data on the time-mterval between successive minima 
on the densimeter graphs This interval, which is 
the period of the rhythm, 1s about 22 hr and is the 
same at the two temperatures 

The zonation of N crassa thus 1s regulated by a 
rhythmic phenomenon which manifests the essential 
features of a biological clock? The rhythm has an 
innate free-running period which 1s close to 24 hr 
relatively independent of the temperature The 
rhythm can be entrained by a 24-hr hght-cycle In 
addition to possessing these functional prerequisites 
of a good chronometer, the rhythm also possesses 
other features of typical circadian systems (1) The 
phase of the rhythm can be established by a single 
transition from light to dark , (2) as with many other 
plant rhythms, the manifestation of the rhythm 1s 
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Table 1 TABULATION OY TIME-INTERVALS BETWEEN ZONES (MXAS- 
URED A8 TIME BETWEEN SUCCESSIVE MINIMA ON DENSIMETER GRAPHS) 
AT THE TWO TEMPERATURES STUDIED 





No of intervals Length of 
at 24° © 


No of intervals 
interval (hr ) at 31° C 


A bobo 
t» 
e 


nw 

x: 

e 
DH a mepn ro 


Mean interval 
1 48 Std dev 1 80 

















destroyed by continuous white light We have not 
yet studied entramment by temperature-cycles, or 
the transient? pattern followmg single light; signals 
The Neurospora system appears potentially valuable 
for an attack on the basic problem of the nature of 
the oscillations that constitute the circadian clock 
We do not interpret the presence or absence of 
zonation as a ieflexion of the presence or absence of 
the clock, but rather as a coupling or uncoupling 
from the clock of the particular processes leading to 
zonation Thus, ıt may be necessary to find some 
other manifestation of the basic rhythm which 1s 
present even when there 1s no zonation before one 
can make all the mtrmguing analyses that seem 
potentially possible ^ However, the possibility of 
genetic analysis, the feasibility of heterokaryon 
formation, and the fact that Neurospora can be 
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Fig 1 Zonationin Neurospora Zonation of the growth 1n a race- 

tube of a prolineless strain of Neurospora has been measured using 

a densimeter to record the relative density of mycelial growth 

The time-scale shown represents hours elapsed after transfer of 

the race-tubes from white ar to dim red light as deseribed 1n 
e tex 
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grown on fully defined media are features which make 
the system uniquely useful For example, the pattern 
of zonation m a heterokaryon between two strains 
with a previously established 12-hr phase difference 
mught resolve the question Is the clock oscillation 
a nuclear or a cytoplasmic feature ? 

This work was supported by a grant from the 
National Science Foundation and by funds from the 
Eugene Ehggins Trust allocated to Prmceton Univer- 
sity We are indebted to Prof N Horowitz, California 
Institute of Technology, for kmdly providing us with 
Strain No 21863 
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Genetic Control of a Cyclic Growth 
Pattern in Neurospora 


A STRAIN of Neurospora has been described which 
displays a daily cycle of growth morphology}, and it 
has been demonstrated that this growth pattern 
reveals the presence in the organism of a temperature- 
mdependent biological clock? The cyclic growth 
pattern consists of alternating regions of dense and 
sparse mycelium Each dense region has a con- 
spicuous tuft, or patch, of aerial growth on which 
orange macroconidia are produced The pattern was 
demonstrated by strain 21863a, a prolne-requirmg 
mutant, when grown m race-tubes of Gray’s medium! 
Other strams grown in the same conditions produce 
a uniformly dense mycelium, and conidia formation 
occurs much later than in the tufts of 21863 This 
report concerns a study of the genetic control of this 
growth pattern The cycle growth condition will be 
termed ‘patch’, and the symbol will be pat (*tuft has 
already been used for another phenotypic character) 

Stram 21863a was crossed to wild-type 744 Asci 
were dissected into ordered spore pairs Eight com- 
plete asci (all four spore pairs growmg) were classified 
for matmg type, prolme requirement, and patch 
(Table 1) The cyche growth pattern segregated 2 2 
in every ascus, as did mating type and proline 
requirement Patch and proline requirement are 
controlled by separate genes which are not closely 
linked On the other hand, patch showed close 
lnkage to mating type, m these eight asci there 
was no recombination between them 

The mating type locus is m the left arm of linkage 
group I Failure to metabohze nitrate 1s determimed 
by a gene (n-m) im the right arm? The cross 
pat axn-mi A was dissected, and thirteen complete 
aser were obtained Ther classification is shown imn 
Table 2 The results indicate the patch locus 1s ın 
the left arm of linkage group I, proximal to mating 
type 

Classification of the progeny of these crosses for 
patch was made in race-tubes of Gray’s medium at 
25° C , the tubes were in constant hght for 24 hr , 
then transferred to constant dark for 2-3 days before 
scormg Tests m mmimal medium!‘ (supplemented 
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Table 1 74 A (WILD-TYPE) x 218634 (prol pat) 
Genotypes of 
No of ase. ordered spore pairs 
4 prol+ pat-+- A 
prok+ pat+ A 
prol pat a 
prol pat a 
2 gprold- pat a 
prol-- pat a 
prol pat+ A 
prol pat+ A 
2 pro+ pat+ A 
prol at4- A 
prol4- pat a 
pro pat a 
Totals 
No of Growth on 
spore pairs Genotype Gray’s medium 
10 prol 4- pat+A no lag 
10 prol pat a no lag 
6 prol-- pat a no lag 
6 pro pat+ A 3 day lag 


Note Different patterns of second division segregation have been 
grouped together for brevity 


with proline) and in complete medium’ were carried 
out in race-tubes in the same hght and temperature 
conditions, but not all the pat segregants gave clear- 
eut eyche growth patterns 

Normally, growth began quickly on Gray's medium 
and extended 1-4 cm down the length of the race- 


Table 2 pata x n-mt A 


Simplest cross-over events required 
No of assuming following order a loci 


asci 


Genotypes of 
ordered spore pairs 


A,@ pat centromere — a-m 

4 apat  n-mt4- 
apat n-mi+ 
A pat+ n-mt 
A pat-- n-mt 


4 apa n-nt+ 
apa nnu 
A p+ n-ne -+- 
A pat+ n-mt 


no crossing over 


single crossover 1n III 


t2 


apat nnit 
A pat+ n-mt4- 
apa n-ne 
A pat+ n-ne 


1 apat n-nit 
Apat n-mt-+- 
a pat+ n-ne 
A pat+ n-nit 


single crossover 1n IT 


single crossover in T 


1 apa n-nt+ 
A pat+ n-ne 
apa n-nit 
A pat+ n-nit 


1 apat n-nit-+ 
A pat+ n-ne 
apat n-nit 
A pat4- n-nit+ 


2-strand double 1n IT, III 


8-strand double in II, III 


Note Different patterns of second division segregation have been 
grouped together for brevity 
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tube after 24 hı However, six of the cultwes had a 
lag period of about three days before any growth 
appeared ‘These were the six prolme-requirmg pat + 
segregants of the first cross (Table 1) There 1s thus 
a physiological mteraction which might be described 
as partial suppression of prol by pat (though 16 could 
also be suppression by mating type gene a) Whether 
this interaction is related to the function of the 
biological clock 1s unknown (The lag period occurred 
only on Gray’s medium , none of the cultures lagged 
on minmal medium plus proline or on complete 
medium ) 

The tests for prolme requirement were made on 
plates containmg the sugar sorbose, this causes 
growth to remam restricted to the spot of the 
moculum, rather than spreading over the plate The 
use of sorbose medium allows as many as twenty-five 
growth tests to be performed on a single plate It 
was observed that some of the test colonies did not 
remain confined on the sorbose plates, but were 
expanding radially 5-10 mm per day The 'soibose- 
escape’ condition turned out to be characteristic of 
the patch segregants This was a consistent cor- 
relation, all 42 pat progeny from the two crosses 
escaped on sorbose, while all 42 pat+ progeny 
1emained confined on sorbose There was no evidence 
of any cyclic pattern m the sorbose-escape colonies 
Sorbose-escape was achieved even on plates held m 
constant hght, a condition in which the cyclic growth 
pattern is not observed on Gray's medium 

The sorbose-escape classification demonstrates that 
the presence of the patch gene can be detected in & 
situation m which i6 1s not visibly related to a bio- 
logical clock It is possible that the patch gene 18 not 
directly mvolved in the function of the biological 
clock, but, rather, effects a growth habit which 
reveals an underlymg clock However, this could 
only be determined conclusively by a demonstiation 
of clock activity m a pat+ stram 

This work was supported by a grant from the 
National Science Foundation I am grateful to 
Dr C S Pittendmgh and Dr V G Bruce, of 
Princeton University, for providing the strain 21863a 
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PROTHORACIC GLAND STIMULATION BY JUVENILE HORMONE 
EXTRACTS OF INSECTS 


By Dr LAWRENCE | GILBERT* and DR HOWARD A SCHNEIDERMAN 


Department of Zoology, Cornell University, Ithaca, New York 


HE juvenile hormone was first recognized as the 
agent which prevents maturation of young 
insects! A second role for this hormone, discovered 
Shortly thereafter, was ın egg development where, 


* Present address Department of Biological Sciences, North- 
western University, Evanston, Illinois 


m many inseots, ib 1s necessary foi yolk deposition? 
The present article describes what appeais to be a 
third role for the Juvenile hormone, namely, stimula- 
tion of the prothoracic glands This tropic action 
has hitherto been assigned either to a hormone 
secreted by the insect’s bram? or occasionally to low 
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temperature! Experiments were conducted on 
pupe of a vanety of giant silk moths of the family 
Saturnudae Hyalophora cecropa, Sama cyntha, 
Antherea polyphemus and Callosamia promethea 
Pupæ m two physiological states were employed as 
test objects (a) diapausing pups which ordinarily 
remain for months m the pupal stage w-thout develop- 
mg, (b) pupx which were stored at 5-8? C for 5 
months or more to activate ther brams? Such 
‘well-chilled’ pups ordinarily muitiate development 
within two weeks of being placed at 25? C and emerge 
as adults 24-3 weeks later 

In the first series of experiments, ether extracts 
were made of abdomens of male H cecropia moths 
followmg Williams’s procedure* These ether extracts 
contain large amounts of juvenile hormone When 
the extracts were injected mto diapausmg S cynthia 
pups these moulted into second pups For our 
present purposes the fact that the second moult was 
pupal is unimportant smce a moult of a pupa m the 
presence of juvenile hormone will almost mvariably 
be pupal However, it 1s of interest that moultmg 
occurred, for m our experience not one of thousands 
of diapausing S cynthia pupe has ever mitiated adult 
development without prior chilung Nevertheless, 
mjeetion of 50 mgm or more of ether extract mvari- 
ably caused these diapausmg pups to moult pre- 
cociously into second pups or pupal-adult inter- 
mediates (Table 14) Pupæ that received less than 
50 mgm failed to imtiate adult development 
Similar results were obtamed with both newly 
moulted and older diapausmg pups of H cecroma 
and A polyphemus (Table LB) In all cases, the 
ether extracts terminated pupal diapause 


Table 1 
Pupal weight Mgm extract Days to 
(gm ) injected moult Effect 


(A) Moulting of unchilled seven-month-old diapausing S cynthia 
pups after injections of ether extracts* 


1 60 50 27 Advlt-hke intermediate 
1 56 100 13 Second pupa 
183 100 17 Second pupa 
1 65 150 18 Second pupa 
180 150 23 Pura-like intermediate 


*,Uninjected controls did not initiate development after 6 months 


(B) Moulting of unchilled one-month-old dispausing pups of H 
cecropta and newly moulted diapausing pups cf H cecroma and A 
polyphemus after injections of ether extracts 


H cecropra (one month)* 
100 — 


4 65 No development after 6 
months 

5 30 200 23 Adult-like intermediate 

5 26 250 13 Pupa-like intermediate 

5 45 400 17 Pupa-like intermediate 

5 40 400 — No development after 6 
xionths 

5 46 450 23 Pupa-like intermediate 

4 80 600 28 Pupa-like 1ntermediate 

& 75 600 23 Pupa-like 1ntermediate 


* Uninjected controls did not initiate development after 6 months 


Hours after Mgm extract Days to 
moulting injected moult Effect 
H cecroput (newly moulted,* 
4 100 — No development after 6 
mont 
12 300 19 Adult-like mntermediate 
36 100 81 Adult with few pupal 
characters 
A polyphemus (newly moulted)* 
Prepupa 200 — Nc development after 8 
znonths 
1 200 55 Adult-like intermediate 
6 200 23 Adult-hke 1ntermediate 
10 150 19 Pupa-like intermediate 
12 250 33 Pupa-like intermediate 


* Uninjected controls did not mmitiate development after 3 months 


NATURE 


July 18, 1959 vor 184 


In addition, when extracts were mjected into ‘well- 
chilled’ pups they caused precocious moulting Thus, 
results of more than 800 mjections into well-chilled 
pupe of S cynthia, © promethea, H cecropra and 
A polyphemus disclosed that pups receivmg more 
than 50 mgm of ether extract mvariably moulted 
into second pup within 10-13 days These several 
results suggest that the juvenile hormone or some 
other constituent of the ether extracts stimulates 
moulting 

To decide whether the ether extracts provoke 
moulting by stimulatmg the pupal bram or by 
directly stimulating the prothoracic glands, the 
following experiments were performed A series of 
diapausing H cecropia pupe had their brains removed 
This placed the pupa ın permanent diapause and such 
brainless pups never spontaneously initiate adult 
development However, when three such brainless 
pup were mjeeted with 200, 400 and 600 mgm of 
ether extract, the two which received the largest 
injections moulted into second pups while the third 
remained ın diapausoe (Table 2) — Similar results were 
obtained with bramless S cynta pups (Table 2) 
From these experments, ıt appears that large 
amounts of ether extract stimulate the prothoracic 
glands and so termmate pupal diapause 


Table 2 


(A) Moulting of brainless diapausing pupa of H cecropua and S 
cynthia after injections of ether extracts 


Pupal weight Mgm extract Days to 
(gm ) injected moult Effect 
H cecropu 
6 78 A 200 — Never initiated develop- 
ment 
5 53 400 41 Second pupa 
6 10 600 32 Second pupa 
S cynthia 
190 100 13 Second pupa 
321 250 15 Second pupa 


An alternative explanation 18 that the ether extract 
contained some prothoracie gland hormone, ecdyson, 
and this reacted directly with the pupal tissues 
to mitiate development This possibility was tested 
by mjecting a large series of isolated pupal abdomens 
of S cynthia and A polyphemus with 80-300 mgm 
of ether extract None of these preparations ever 
initiated development, although many survived as 
long as four months. Moreover, repeated efforts to 
extract ecdyson from the ether extracts have failed 
These results seem to rule out the prothoracic gland 
hormone as the effective moult-promotmg agent m 
the ether extracts Hence, ıt seems safe to conclude 
that something m the ether extracts stimulates the 
msect’s prothoracie glands 

To determme whether the factor which stimulated 
the prothoracic glands was the juvenile hormone 
itself, or some other substance, extracts m which 
juvemle hormone was concentrated 100-500-fold by 
various chemical procedures? were injected mto 
chilled pupe, diapausmg pups and bramless pups 
As Table 3A reveals, the concentrated juvenile 
hormone preparations had potent prothoracie gland- 
stimulating activity Indeed, the prothoracic gland- 
stimulatmg factor was concentrated to about the 
same degree as the juvenile hormone by the chemical 
procedures we employed Moreover, when brainless 
diapausing pup were myected with huge amounts of 
ether extract from which juvenile hormone had been 
removed by countercurrent distribution, they failed 
to respond (Table 3B) In short, procedures which 
concentrate the juvemle hormone, concentrate the 
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(4) Precocious moulting of well-chilled A polyphemus pups afte 
injection of purified juvenile hormone extracts xi RER T 
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Pupalweight Mgm extract Days to 

(gm ) injected moult Effect 
Extract A 

419 23 13 Second pupa 

5 26 5 12 Second pupa 

515 8 10 Second pupa 

4 90 15 13 Second pupa 
Extract B 

415 0 05 18 Second pupa 

5 05 0 10 13 Second pupa 

4 91 0 10 11 Second pupa 


(B) Effect of juvenile hormone-free extracts on bramless diapausing 
pups 


8 20 180 — Never initiated develop- 
ment 

2 13 270 — Never initiated develop- 
meni 

219 300 — Never initiated develop- 
ment 

3 30 400 — Never initiated develop- 
ment 

2 80 450 — Never initiated develop- 


ment 


prothoracic gland-stimulatmg factor and procedures 
which remove juvenile hormone from extracts, also 
remove the prothoracic gland-stimulating factor 
These results indicate that the Juvenile hormone or a 
molecule with similar chemical properties, perhaps 
bram hormone, 18 the effective agent m the extracts 
that triggers off the prothoracic glands Hence, we 
may conclude that either the juvemle hormone 
stimulates the prothoracic glands or the extract 
contams brain hormone in addition to juvenile 
hormone. 

A final decision between these alternatives awaits 
tests with pure juvenile hormone preparations, but 
some insight 1s provided by two recent reports which 
were published when the present experiments were 
completed Williams’ has announced that mplanta- 
tion of active corpora allata termmates diapause m 
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bramless diapausing H cecroma pupe This mmpor- 
tant result 1s consistent with the view that the 
juvenile hormone rtself is the effective agent m our 
extracts that activates the prothoracie glands This 
prospect 1s made more attractive by the recent report 
of Kobayashi and Kermura?, which indicates that 
bram hormone extracted from the commercial silk- 
worm has similar solubihty properties to Juvenile 
hormone Thus ıt seems possible that bram hormone 
1s similar chemically to juvenile hormone, and i6 18 
perhaps not too surprismg that both hormones can 
activate the prothoracic glands Whether or not 
the juvenile hormone actually functions in any 
rmroature insect to stimulate the prothoracic glands 
and cause moulting remains to be seon 

We wish to express our thanks to Dr Berta Scharrer 
for her critical evaluation of this manuscript 

Note added m proof Ichkawa, M, and 
Nishiitsutsuyi-Uwo, J (Biol Bull, 116, 88; 1959), 
have shown that the corpora allata of Philosamia 
cynthia neim can mduce zmoulting m bramless pupæ 
Their results mdicate that, m addition to eliciting 
Juvenile hormone, the corpora allata store neuro- 
secretory material transported from the bram via 
the nervi corporis allati They conclude that implants 
of larval and adult corpora allata furnish two hor- 
mones controllmg post-embryome development, 
namely, juvemle hormone and a moult-inducing 
hormone derived from the protocerebrum (bram 
hormone) These results suggest that extracts of 
male H cecropra moths may contam bram hormone 
m addition to juvenile hormone 
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EVOKED POTENTIALS IN VISUAL CORTEX OF THE 
UNAN/ESTHETIZED CAT 


By GABRIEL HORN and JOHN BLUNDELL 


Department of Anatomy, University of Cambridge, and Department of Neurology 
and Neurosurgery, McGill University and the Montreal Neurological Institute 


ECENT work has mdicated that when an animal 
‘attends’ to a non-visual stimulus, photically 
evoked potentials ın the visual pathway of the 
unanesthetized cat are reduced! It was concluded 
from these and other studies? that this depression of 
evoked responses imphes a reduction of the sensory 
inflow which, if 16 occurs * m all other sensory 
paths except the ones concerned with the object of 
attention, such an inhibitory mechanism might lead 
to the favouring of the attended object by the selec- 
tive exclusion of incomung signals"? It is not clear 
how, ın the above experrments, ‘attentive’ behaviour 
was assessed, though m the studies of the visual system 
the cat’s ‘attention’ was attracted, among other things, 
by a eall or by fish odour delivered to the cage When 
a cat 1s called, 1t may look toward the source of the 
voice when a fish odour 18 blown into the cage the 
cat usually responds by sniffing and looking toward 
the source of the odour If the animal failed to make 


these responses, ıt ıs not apparent how ‘attentive’ 
behaviour was otherwise assessed Hence ıt is 
difficult to escape the conclusion that presentation of 
a non-visual stimulus may have resulted ın the cat 
searching the visual field The above experrments 
do not therefore exclude the possibility that the 
evoked responses were reduced in the modality 
actually bemg used for examining the sensory field 

The followig experiments were undertaken to 
determme the changes 1n cortical evoked response to 
light flash m the unanesthetized cat, when its 
behaviour was directed toward an object in the 
visual field (mouse) and to a non-visual stimulus 
(conditioned tone) respectively Sıx cats were used 
A monopolar electrode of approximately l mm tip 
diameter was placed on the visual cortex usmg as 
indifferent electrode a screw driven into the frontal 
bone Several days after operation the animal was 
put m a box illummated by a 6-volt battery bulb 


174 


Evoked responses to flash were displayed on an 
oscilloscope and filmed while the cat was 1esting 
facing the stroboscope The flash, delivered once m 
approximately 2 sec , was of l-m sec duration with 
an intensity of approximately 1 lambert A mouse 
was introduced between stroboscope and cat, separ- 
ated from the latter by a transparent plastic sheet 
Durmg the first few presentations of the mouse, the 
cat usually was mtensely excited, but later ıb sat 
still, mtently watchmg the mouse with little or no 
puo-erection, or unsheathing of the claws At this 
time 20 evoked responses to flash were recorded Ten 
of these experimental responses were selected at 
random from the 20, together with 10 control evoked 
responses from the resting animal, recorded 1:mmeda- 
ately before mtroduction of the mouse The mean of 
each of these sets of results was calculated These 
means for each animal were tabulated and the 
significance of any differences between experimental 
and control conditions obtained by applymg & paired 
t test It was found that when the cat was watching 
the mouse the electrocorticograph was flattened 
The surface positive component of the primary wave 
of the evoked potential was decreased by 27 per cent 
(P « 0 001), and its duration reduced by 20 per cent 
(P <001) The amplitude of the surface negative 
component was decreased by 21 per cent (P < 0 02) 
The excursion of the second wave of the response was 
reduced by 19 per cent (P < 0 02) and waves of the 
later components by 51 per cent (P < 0 001) 

In order to orientate the cat’s behaviour to & non- 
visual modality, the animal was conditioned to receive 
a shght shock to the fore-hmbs after several tones, 
each delivered m the interval between consecutive 
flashes The number of tones delivered. prior to the 
shock was varied between 2 and 10 m any trial 
After the first few trials, shocks were only occasionally 
applied During the early stages of conditioning, at 
the onset of the tones, the cat looked intently around 
the box At this time the electrocorticograph was 
reduced in amplitude ‘The surface positive com- 
ponent of the primary wave was reduced by 21 per 
cent (P <0 02) and its duration by 19 per cent 
(P <0 02) the amplitude of the second wave of 
the response was attenuated by 34 per cent (P < 0 01) 
and the later oscillations by 40 per cent (P < 0 02) 

At a later stage of conditionmg, the cat did not 
look around the box durmg the tones, but remamed 
still except for some shght shifting of the fore-limbs, 
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twitching of the facial muscles and flicking of the ears 
Occasionally at this stage the cat got up during the 
tones and settled ın another part of the cage Measure- 
ment of records taken when the anmal showed 
munmnal movement and when its response to the 
acoustic stimulus was accompanied by httle or no 
visual searching’ component showed that the ampl- 
tude of the electrocorticograph was dimmushed 
The amplitude and duration of the evoked responses 
were not, however, significantly different from those 
recorded under control conditions 

From the above results 16 appears that photically 
evoked responses 1n the visual cortex are not attenu- 
ated when a cat’s behaviour is orientated to an 
acoustic stimulus, so long as there 18 no visual search- 
ing component in the animal's behavioural response 
On the other hand, when the animal’s behaviour is 
directed to a stimulus imm the visual field, o1 shows 
some visual searching component ın 1ts response to a 
non-visual stimulus, evoked potentials are reduced in 
amplitude It might be argued that when the cat was 
lookmg at a mouse the information contained in the 
flash was wrelevant and so attenuated However, 
when the ammal’s behaviour was directed to the 
acoustic stimulus, 1n the absence of visual searching 
activity, the mformation from the flash was likewise 
mielevant The evoked potentials in these two 
situations should therefore have been treated 
similarly They were not 

Reduction in amplitude of an evoked response to a 
given photic onput may be brought about m one or 
more ways (for example, mhibrtion, reduction of 
facilitation, occlusion) Whatever the mechanism, 
one of the effects of such activity may be, 1n some 
circumstances, to increase sensory contrast and so 
umprove the sharpness of mput boundaries Absence 
of such input attenuating activity 1n the visual system, 
as when behaviour 1s directed to an acoustic stimulus, 
could give a greater absolute sensitrvity in the visual 
pathway The animal would thus monitor its environ- 
ment more sensitively so providing central mechanisms 
with a maximum of information on which to act 

One of us (G H ) wishes to thank the Wellcome 
Trust and the National Research Council of Canada for 
grants toward the cost of travel expenses Thanks are 
also due to Prof H Jasper for his interest in this work 
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INFLUENCE OF UNBALANCED GROWTH ON SUBSEQUENT X-RAY- 
INDUCED INHIBITION OF DEOXYRIBONUCLEIC ACID 
SYNTHESIS IN ESCHERICHIA COLI 15;. 


By DANIEL BILLEN 


Department of Biology, Section of Microbiology, University of Texas, M D Anderson Hospital 
and Tumor Institute, Houston, Texas 


N an eaiher report! 16 was demonstrated that the 

number of survivors among X-mradiated Escher- 
cha cole strams Bjr and lör- (thymune-less) was 
inereased. when log-phase cells were incubated in the 
presence of chloramphenicol prior to X-ray exposure 
In the case of E colt 157_ deoxyribonucleic acid 
synthesis was necessary for the development of 
radioresistant cells, since when deoxyribonucleic 


acid synthesis was prevented by the removal of 
thymine from the pre-irradiation mcubation medium, 
radioresistance was not enhanced by chloramphent- 
col One interpretation of these results was that 
‘surplus’ deoxyribonucleic acid formed ın the presence 
of chloramphenicol (higher 1ati0 of deoxyribonucleic 
acid/protem than m non-treated cells) was biologically 
active and increased the number of sensitive sites 
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in the bacterium! An additional possibility con- 
sidered was that pretreated cells, unbalanced m 
macromolecular constituents, were m special physiolo- 
zical states such that the probability of overcommg 
X-ray induced lesions was increased — Usmg cells ın 
the several unbalanced states with regard to protem, 
leoxyribonucleic acid, and ribonucleic acid levels 
we have studied deoxyribonucleic acid synthesis 
after X-ay exposure of such cells In the present 
woik results aie presented which show (1) An 
mhibition by chloramphenicol of phasmg or 'syn- 
shromization’ of the deoxyribonucleic acid-synthesiz- 
mg system and (2) that the radiosensitivity of the 
synthesizmg mechamsm is altered by previous 
chloramphenicol exposure 

The conditions for obtaming log phase as well as 
establishing ‘unbalanced phase’ growth were those 
previously described? Following the various treat- 
ments to be described for obtammg unbalanced 
growth, the cells were cooled m an 1ce-bath, harvested, 
washed and 1esuspended in cold minimal-salts—glucose 
medium to give a final concentration of about 20 
times the original number (1-2 x 101° cells/ml) in 
order to obtam satisfactory levels of material for 
chemical analysis The concentration of cells during 
exposure was higher than the level used im the 
earlier studies by a factor of approximately 100, 
as a result the number of colony-formers found after 
a dose of 10,000 r was higher m the experiments 
ieported here?? Following X-ray exposure at 1ce- 
bath temperature the cells were added to twice, the 
original cultuie volume of pre-warmed mmunal 
medium supplemented with 20 ugm jml thymme 
and re-3neubated with aeration at 37? C Aliquots of 
this culture were removed at intervals for analysis 
as detailed earlier! 

Prior to treatment with 10,000 r of X-rays, log 
phase E cole lör- cells were mcubated m mimmal 
medrum at 37° C for 1 hr under the followmg 
conditions (A) meubation ın the presence of thymine 
(normal log-phase cells), (B) meubation in the 
presence of 10 ugm /ml chloramphemecol and (1) 
plus thymune (mereased ribonucleic and deoxyribo- 
nucleic acid/protem content), or (2) without thymme 
(creased ribonucleic acid/deoxyribonucleie acid and 
protem content), (C) meubation m the absence of 
thymine (mereased ribonucleic acid and protem/ 
deoxyribonucleic acid content) 

In normal log-phase E cola 15r- (condition A) 
exposed to 10,000 r of X-rays, deoxyribonucleic acid 
synthesis proceeded rapidly for 30-60 mm (Fig 1) 
This was followed by a period m which no net synthe- 
sis was detectable In other experiments in which 
survival was higher than that found n the experiment 
from which the data of Fig 1 were taken, renewed 
synthesis was sometimes seen by 90 mun The 
number of colony-forming cells m the irradiated 
suspensions (10-25 per cent of the controls) remained 
constant or showed a shght decline durmg the first 
30mm A rapid increase then occurred that probably 
accounted for the renewed synthesis observed m 
some experiments 

When chloramphemcol was added to log-phase 
cells (condition B1) ribonucleic and deoxyribonucleic 
acids continued to accumulate while protem synthesis 
was largely mhibited! Such cells washed free of the 
antibiotic and re-incubated ina thymine-supplemented 
minimal medium showed a delay of approximately 
30 mın before net deoxyribonucleic acid synthesis 
was resumed (Fig 1) When the washed cells treated 
with chloramphenicol were exposed to 10,000 r of 
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Fig 1 
subsequent deoxyribonucleic acid synthesis Prior to treatment 
with 10,000 r of X-rays, log-phase Æ colh 157- cells were in- 
cubated for 1 hr under the following conditions @- --@, normal 
log-phase cells (condition A of text), O- - -O, condition 4, and 


The influence of prior chloramphenicol treatment on 


then exposure to 10,000r , @——@, exposed to chloramphenicol 
(condition B1), Bees AH ue Bi, then exposure to 
l r 


X-rays and then resuspended ın thymıme-supple- 
mented medium no net mcrease in deoxyribonucleic 
acid content was observed during the 2 hi the cultures 
were studied (only the first 90 min are shown m Fig 
1 A sumiar result was found for cells washed 
free of thymme prior to mcubation in thymime-free 
minimal medium to which chloramphenicol has been 
added (condition B2) Durmg such incubation only 
ribonucleic acid was observed to accumulate in 
large amounts durmg the 1l hr exposure to the 
antibiotic! As seen in Fig 2, deoxyribonucleic acid 
synthesis ın such cells was completely suppressed 
after X-ray exposure 

Log-phase cells, washed free of thymine and then 
re-incubated for 1 hr at 37? © m thymme-free 
minimal medium (condition C), showed a marked 
imcrease in ribonucleic acid and protem nitrogen 
while deoxyribonucleic acid synthesis was essentially 
ml This was the ‘unbalanced growth’ reported 
for this stram of E col by Barner and Cohen‘ 
Followmg this treatment the cells, after harvesting 
and washing at i1ce-bath temperatures, appeared to 
be synchronized® with respect to deoxyribonucleic 
acid synthesis (Fig 2) The deoxyribonucleic acid 
nearly doubled 1n 30 mm _ This was followed by a 
period of reduced deoxyribonucleic acid synthesis 
before a new rate of deoxyribonucleic acid accumula- 
iion was seen X-irradiation did not greatly alter 
the synthesis during the mitial doubling period 
(Fig 2) However, after this initial burst no further 
merement was found durmg 120 mm of observation 
The loss of acid-msoluble deoxyribonucleic acid 
observed in the irradiated cell culture after 60 min 
was due to lysis of a portion of the cells as reflected 
by a decreased turbidity of the cultures as well as 
a reduction m the harvested cell yield (protem) 
The surviving cells did not grow at a sufficiently 
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Fig 2 The effect of thymine starvation during chloramphenicol 
exposure on subsequent deoxyribonucleic acid synthesis — Prior 
to treatment with 10,000 r of X-rays, log-phase E coh 157r- cells 
were incubated for 1 hr under the following conditions &——— e, 
incubation in the absence of thymine (condition C of text), 
O——O, condition C, and then exposure to 10,000r 5 
exposed to chloramphenicol in the absence of thymine (condition 
2), O---O, condition B2, and then exposure to 10,000 r 


rapid rate to be reflected in the analysis durmg 
these 2 hr Jt required more than 2 hr for dividmg 
survivors to reach the mutial level of umrradiated 
cells of the controls 

Thus, durmg the mcubation in the absence of 
thymine (condition C), a radioresistant synchroniza- 
tion of deoxyribonucleic acid appeared to have 
occurred Similar treatment did not synchronize 
ribonucleic acid or protem synthesis? The addition 
of chloramphenicol to such cells prevented the 
development of the radioresistant system synthesiz- 
ing deoxyribonucleic acid It ıs also apparent that 
the addition of chloramphenicol to log-phase E colr 
157. incubated ın the presence of thymune resulted 
in & physiological state such that deoxyribonucleic 
acid synthesis did not occur immediately after 
removal of the antibiotic Cells ın this physiological 
state could not synthesize deoxyribonucleic acid 
until a radiosensitive process had been mutated 
Although the mechanism whereby chloramphenicol 
brmgs about this effect ıs unknown, ib 1s tempting 
to speculate that the antibiotic-mduced mbhibrtion 
of protem synthesis was involved The protem 
(and/or ribonucleic acid) synthesized in a given time 
period (in the presence or absence of net deoxyribo- 
nucleic synthesis) may be a necessary prerequisite 
for subsequent deoxyribonucleic acid synthesis 
One may envisage this protem as bemg involved in 
the formation of a template’! or as specific enzymes 
perhaps similar to the polymerases described by 
Kornberg and collaborators!! which were found to 
be capable of «n vitro deoxyribonucleic acid synthesis 
Additional expermments planned may provide further 
msight into the true nature of the radiosensitive 
process inhibited by chloramphenicol 

The results with wradiated H cols 15r- correlate 
well with the findings of others in plant}? and 
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a&nunal44 studies that there 1s a radiosensitive 
process mvolved m deoxyribonucleic acid synthesis 
which 1s not the deoxyribonucleic acid replication 
system itself The radiosensitive process occurrmg 
prior to actual deoxyribonucleic acid synthesis may 
imvolve protem synthesis as suggested from the 
results presented here Log- or stationary-phase cell 
suspensions when exposed to X-rays contam organ- 
isms im various phases of ther division cycle One 
may speculate that there occurs, m normal growth 
of individual cells, a phase such that the products 
of the radiosensitive process are exhausted and must 
be synthesized anew before deoxyribonucleic acid 
replication can proceed If most cells of an exposed 
population were in the active deoxyribonucleic acid 
synthesizing (radioresistant) phase they would con- 
tinue to make deoxyribonucleic acid until a pre- 
determined level would have been reached There- 
fore at doses of X-rays m which most of the popula- 
tion no longer were colony-forming cells a good 
amount of deoxyribonucleic acid as well as ribonucleic 
acid and protem synthesis would occur? The extent 
of deoxyribonucleic synthesis would be determined 
by the length of the deoxyribonucleic synthetic 
period relative to thet of the sensitive pre-synthetic 
phase In a log-phase population most cells would 
be m the deoxyribonucleic acid synthesizmg phase 
if this period occupied most of the division cycle of 
the cell Based on this model our results would 
suggest that most log-phase cells are not m the radio- 
sensitive pe11od since irradiated populations mereased 
significantly their deoxyribonucleic acid-levels upon 
remcubation The radiosensitive pre-synthetic pro- 
cess, having been mhibited by radiation exposure, 
would no longer function and thus deoxyribonucleic 
acid synthesis would come to a close if 15 18 assumed 
that the radiosensitive process ıs permanently 
inhibited by irradiation When sufficient numbers 
of survivors were present these would grow at a rate 
reflecting therr physiological state prior to exposure 
and eventually produce measurable amounts of 
deoxyribonucleic acid If the number of survivors 
were high enough and exhibited little lag upon 
resuspension m & complete growth medium they 
would produce sufficient amounts of deoxyribonucleic 
acid to be measurable soon after exhaustion of 
deoxyribonucleic acid synthesis m dying cells Thus 
the termination of deoxyribonucleic acid synthesis in 
dymg or dead cells would be masked by the dividing 
viable cells At higher doses of X-irradiation 
deoxyribonucleic acid synthesis may be completely 
suppressed by the destruction of the radioresist- 
ant deoxyribonucleic acid synthesizmg mechanism 
itself® 


1 Billen, D , Biochem Biophys Acta (1n the press) 
2? Stapleton, G E, Bullen, D , and Hollaender, A , J Bacteriol , 63, 
805 (1952) 


* Gunter, S E , and Kohn, H I,J Bacteriol , 72, 422 (1956) 

t Barner, H D „and Cohen, S S , J Bacteriol , 71, 149 (1956) 
‘Barner, H D,and Cohen, S S , J Bacteriol , 72, 115 (1956) 

* Billen, D (unpublished v ork) 

? Draculic, M , and Errera, M , C R Soc Bol , Paris, 152, 1208 (1958) 
‘Stent, G 8 , “Advances ın Virus Research”, 5, 95 (1958) 


*Doudney, C O , and Haas, F L, Proc US Nat Acad Scr, 48, 
871 (1958) J Molecular Biol (in the press), Proc US Nat 
Acad Sc (1n the press) 


10 EN M , and Zipporin, Z Z , Biochim Brophys Acta, 20, 439 


H Lehman, I R ,Zimmerman,S B ,Adler,J ,Bessman, M J , Simms, 
U obo} and Kornberg, A , Proc US Nat Acad Sev, 44, 1191 


u Howard, A, and Pele, S R , Heredity, 6, Supp , 261 (1953) 
* Ord, M. G, and Stocken, L A , Nature, 182, 1787 (1958) 


M Lajtha, L G , Oliver, R , Berry, R., and Noyes, W D , Nature, 182, 
1788 (1958) 


July 18, 1959 
APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LECTURER IN CHEMISTRY at the University of Canter- 
bury, Christchurch, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, Lon- 
don, WC 1 (September 30) 

ASSISTANT LECTURER (with an honours degree 1n geology and with 
ability to lecture in historical geology and mucro-palxontology) ın 
GEOLOGY at the University of Canterbury, Christchurch, New Zealand 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C1 (September 30) 

ASSISTANT LECTURER IN SOCIAL ADMINISTRATION—The Registrar, 
The University, Manchester 13 (September 30) 

ASSISTANT LEOTURERS IN BOTANY—The Registrar, The University, 
Manchester 13 (September 80) 

CHAIR OF EDUOATION in the University of the ‘Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer. 
sities of the British Commonwealth, 36 Gordon Square, London, W C 1 
(September 30) 

SENIOR LECTURER IN THE DEPARTMENT OF GxoPHYsIOS at the 
University of the Witwatersrand, J ohannesburg, South Africa—The 
Secretary, Association of Universities of the British Commonwealth, 
86 Gordon Square, London, W C 1 (September 30) 

SENIOR LECTURER or LECTURER (with an honours degree 1n engineer- 
ing and preferably with some professional experience since graduation) 
IN MECHANIOAL ENGINEERING—The Registrar, King’s College, New- 
castle upon Tyne (September 30) 

READER or SENIOR LECTURER (wtih experience in experimental 
physics, experience in some aspects of applied physics would be of 
particular value) IN THE DEPARTMENT OF Puaysics, to help arrange, 
and to take part 1n, the teaching of physics to engineers at alllevela— 
The Registrar, The University, Manchester 13 (October 5) 

DIRECTOR (with a wide scientific background) OF THE COMPUTATION 
QUNTEA- Mo Vice-Principal, McGill Unversity, Montreal, Que , 

anada 

LECTURER (wıth a good honours degree and some practical ex- 
perience, preferably in the field of structural steelwork » some teaching 
experience would be an advantage) IN THE DEPARTMENT OF CIVIL 
ENGINEERING—The Registrar, The University, Bristol 

LECTURER (with an honours degree in chemistry and postgraduate 
experience of academic or industrial research) IN INORGANIO CHEN- 
"uc eue Secretary, Sir John Cass College, Jewry Street, London, 
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oe for Oversea Governments and Administrations, E ) 
1s 225 
Research Programme and 
(Littlehampton Glasshouse 


Glasshouse Crops Research Institute 
Guide to Experiments, 1959 Pp 30 
Crops Research Institute, 1959 ) [225 

Some Observations on Gold Refining and the Standards for Gold 
and Silver Colnage By Dr J H Watson (Presidential Address 
delivered at the Annual General Meeting of the Institution of Mining 
and Metallurgy, Thursday, 21st May, 1959 ) PP u+6 plates (London 
Institution of Mining and Metallurgy, 1959 ) (225 

The Conservation of English Wallpaintings (Bemg a Report of a 
Commiitee set up by the Central Council for the Care of Churches 
and the Society for the Protection of Ancient Buildings ) Pp 304-18 
platos (London Central Council for the Care of Churches, 1959 ) 
78 225 
Ministry of Housing and Local Government Department of nip 
for Scotland  Alkali, &c Works Regulation Act, 1906, and Alkali, 
ete Works Orders 1928-1958 Alkali,ete Works Regulation (Scotland) 
Acts, 1906 and 1951, and Alkah, ete Works (Scotland) Orders, 1952 
and 1958  Ninety-fifth Annual Report on Alkali, ete Works by the 
Chief Inspectors, 1958 Pp 65 
1959 ) 3s. 6d net [225 

National Pensions an Appeal to Statesmanship Pp 11 (London 
Institute of Actuaries , Edinburgh Faculty of Actuaries, 1959 ) [225 

Institution of Gas Engineers Publication No 540 96th Annual 
Report and Accounts Pp 45 Publication No 541 Presidential 
Address, 96th Annual General Meeting, Llandudno, 26th to 29th May, 
1959 By E M Edwards Pp 14 Publication No 543 Putting to 
Work the Natural Gas Deposits at Lacq By J Fouchier and M Vicart 
Pp 20 Publication No 547 Sources of Gnd Gas Supply 1n Wales 
By S L Wright Pp 37 Pubheation No 548 The Transmission of 
Gasin Wales By W T Hird Pp 34 Publication No 550 The Rom- 
ford Gas Reforming Plant By Dr J Burns and E R Stewart Pp 
28 Publication No 551 Operation of Liquid and Gastechnik Purifi- 
cation Plants at Cardiff By J Powdrill Pp 44 Publication No 552 
Official Programme, 96th ual General Meeting, Llandudno, 
26th to 29th May, 1959 Pp 13 (London Institution of Gas En- 
gineers, 1959 ) (225 

General Register Office Studies on Medical and Population Subjects 
No 15 Social and Biological Factors in Infant Mortahty By J A 
Heady and M A Heasman Pp vin--195 (London HM Stationery 
Office, 1959 ) 20s net (225 

The Annual Review of the Solartron Electronic Group for the year 
1858 y? 28 (Thames Ditton The Solartron Electronie Group, “ad 
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Journal of Appled Polymer Science, Vol 1,No 1, (J: anuary-February, 
1959) Pp 127 Published bi-monthly, covering two volumes annually 
Subseription price, 17 50 dollars per volume  T'o1eign postage 0 50 
dollars per volume (New York Interscience Publishers, Ine , 
London Interscience Publishers, Lid , 1959 ) 55 

Carnegie Institution of Washington Annual Report of the Director 
of the Department of Terrestrial Magnetism, 1957-1958 Pp u+ 
95-166 +6 plates (Reprinted from Carnegwe Institution of Washington 
Year Book 57, for the year July 1, 1957—June 30, 1958 ) (Washington, 
DO Carnegie Institution of Washington, 1958 ) 5 
United States Atomic Energy Commission Technieal Information 
Service Technical Book sponsored by the U S Atomic Energy Com- 
mission Pp 40 (Washington,DC United States Atomic Energy 
Commission, 1959 ) [55 
Yearbook of the Society for General Systems 
Research, Vol 3,1958 Edited by Ludwig von Bertalanffy and Anatol 
Rapoport Pp xxii+259 (Ann Arbor, Michigan Society for General 
Systems Research, Mental Health Research Institute, University of 
Michigan, 1958 ) [55 
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Achtzehnter Jahresbericht der Schweizerischen Gesellschaft fur 
Vererbungsforschung, Société Suisse de Génétique (SSG), 1958, 
mit Unterstutzung der Julius Klaus-Stifsung fur Vererbungsforschung, 
Sozialanthropologie und Rassenhygienein Zurich Pp 116 (Separatab- 
druck aus Archiv dei Juhus Klaus-Stiftung fur Vererbungsforschung, 
Sozialanthropologie und Rassenhygiene, Band 33, 1959, Heft 3/4 ) 
(Zurich Art Institut Orell Fussli, 1959 ) [55 

World Health Organization Technical Report Series No 168 
Hypertension and Coronary Heart Disease Classification and Criteria 
for Epidemiological Studies—First Repoit of the Expert Committee 
on Cardiovascular Diseases and Hypertension Pp 28 (Geneva 
World Health Organization, London HM Stationery Office, 
1959) 1 Swiss franc, 1s 9d , 0 30 dollars [55 

Mauritius Sugar Industry Research Institute Annual Report 
1958 Pp 108+.1xvi+42 figures (Réduit Mauritius Sugar Industry 
Research Institute, 1959 ) 25 

Transactions of the American Philosophical Society New Series, 
Vol 49, Part 3 Aleut Dialects of Atxa and Attu By Prof Knut 
Bergsland Pp 128 (Philadelphia American Philosophical Society, 
1959 ) 8 dollars (125 

Institut Royal Meteorologique de Belgique Publications Serie 
A, No 8 (1) Equipments pour l'Obseivation des Courants Telluriques 
et pour l'Observation par une Méthode d’Induction des Variations 
Rapides du Champ Magnétique Terrestre au Centre de Physique du 
Globe a Dourbes Par Prof E Lahaye et A de Vuyst (2) Enregis- 
treurs Rapides pour le Géomagnétisme Par A de Vuyst. Pp 4-59 
(Uccle-Bruxelles Institut Royal Météorologique de Beles 

125 


Contributions from the Institute of Geology and Paleontology, 
Tohoku University No 49 Tertiary Orogenesisin Northeast Honshu, 
19005 By Nobu Kitamura Pp 98 (Sendai Tohoku piu" 

1 

Australian Defence Scientific Service Defence Standards Labora- 
tories Technical Memorandum No 2 The Intensity of Infrared 
Absorption Bands à Bibhography Compiled by Dr G R Gills 
Pp 1+48 (Maribyrnong, Victoria Defence Standards Laboratories, 
Department of Supply, 1958 ) 125 


. Developmental Brology, Vol 1, No 1, (April 1959) Pp »+124 
Yol 1 (6 issues) 1959, 14 dollars (New York and London Academic 
Press, Inc , 1959 ) [125 

Experimental Neurology, Vol 1, No 1, (April, 1959) Pp v+95 


Vol 1 (6 issues) 1959, 16 dollars (New York and London Academic 
Press, Ine , 1959 [125 

National Institute of Genetics, Japan Annual Report, No 8, 
1957 Pp v+115  (Misima, Sizuoka-ken — National Institute of 
Genetics, 1958 ) 

New Zealand Forest Service Annual Report of the Forest Research 
Institute for the year ending 31 March, 1058 Pp 100 (Wellington 
Government Printer, 1958 ) 12 

Imperial College of Tropical Agriculture Report of the Governing 
Body and the Principal’s Report for 1957-58 Pp 64+4 plates (St 
Augustine, Trinidad and London Imperial College of Tropical Agri- 
culture, 1950 ) [125 

Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Memoir No 291 Mount Head Map-Area, Alberta 
By R J W Douglas Pp vu-+241+10 plates (Ottawa Queen's 
Printer, 1958 ) 2 dollars [125 

Research Council of Alberta Thirty-ninth Annual Report, 1958 
dd (Report No 78) (Edmonton Research Council of Alberta, 

125 

Uganda Electricity Board Eleventh Annual Report and mec. 
foi the year ended 31 December, 1958 Pp 44 (Kampala Uganda 
Electricity Board, 1959) 5s [125 

University of California Publications ın Botany, Vol 30, No 3 
Chromosome Numbers in the Hydrophyllaceae V By Marion S Cave 
and Lincoln Constance Pp 233-258 (Berkeley and Los Angeles 
University of California Press, London Cambridge University 
Press, 1959 ) 50 cents [12 

Fonds National de la Recherche Scientifique, Bruxelles 
et uniéme Rapport Annuel, 1957-1058 Pp 278 (Bruxelles 
National de la Recherche Scientifique, 1959 ) [ 

Bulletin of the American Museum of Natural History Vol 117, 
Aitiele 2 Variationin and Distribution of Lizards of Western Mexico 
Related to Cnemidophorus sack. By Richard G Zweifel Pp 57-116+ 
plates 43-49 (New York American Museum of Natural History, 
1959 ) 125 dollars 125 

Trinidad and Tobago Administrative Report of the Forest Depart- 
ment for the year 1956 Pp 41 (Trinidad Government Printing 
Office, 1958 ) 75c 

Metropolitan Life Insurance Company Statistical Bulletin, Vol 40, 
(March, 1959) Survival to Age 65 and Beyond Disability Rate Down 
in 1958 Health Problems in Later Life Loss of Life in Floods— 
a 30-year Survey Pp 12 (New York Metropolitan Life Insurance 
Company, 1959 [125 

United States Department of Agriculture Leaflet No 389 Canta- 
loup Insectsin the Southwest How to ControlThem Pp 8 (Washing- 
ton, DO Government Printing Office, 1959 ) [125 

East Africa High Commission East African Marine Fisheries 
Research Organization Annual Report, 1958 Pp 20 (Nairobi 
Government Printer, 1950 ) Sh 4 [125 

The Snellus Expedition in the Eastern Part of the East Indian 
Archipelago, 1929-1930 Under the Leadership of P M Van Riel 
Vol 2 Oceanographic Results Part 8 Chemical Results and a Sur- 
yey of Water Masses and Currents By H Postma Pp vi--116 
Vol 4 Chemical Results Tables Oxygen, Hydrogen Ion, Alkalinity 
ea al By Postma Pp vi4-116 (Leiden E J Brili, 
l 12 

Technicaland Vocational Educationin the USSR a fibhographs 
cal Suvey By M I Movsovic Pp 53 (Paris Unesco, London 
HM Stationery Office, 1959 ) 5s net {125 

World Health Organization Technical Report Series No 165 
Expert Committee on Plague—Third Report Pp 42 1 Swiss franc, 
is 9d , 030 dollars No 170 Expert Committee on Respiratory 
Virus Diseases—First Report Pp 59 2 Swiss francs, 33 6d , 0 60 
dollars (Geneva World Health Organization, London HM 
Stationery Office, 1959 ) [125 
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Companhia de Diamantes de Angola (Diamang) Servicos Culturais 
Dundo-Lunda, Angola Publicacoes Culturais No 44 Subsidios 
para o Conhecimento do Clima da Lunda Resultados das Observações 
Meteorológicas, (Area das Exploracoes da Companhia), Anos de 1952 
a 1957 Elaborados por Tomaz Rebelo do Espirito Santo Prefacio 
do Prof Amorm Ferreira Primereiio Volume — Apuramentos 
Anuais de Estação Meteorologica do Dundo, Postos Climatologicos e 
Udométricos Pp 807 (Lisboa Companhia de Diamantes de Angola, 
1958 P 

Institut Royal des Se:ences Naturelles de Belgique — Exploration 
Hydrobiologique des Lacs Kivu, Edouard et Albert (1952-1954) 
Resultats Scientifiques Vol 3,Fascicule3 Le Régime Alimentaire des 
Poissons des Lacs Édouard et Albert (Congo Belge) Par Jean Verbeke 
Cladocera Par Vineenz Brehm Dermaptera Par W D Hincks 
Trichoptera du Lac Abert Par Serge Jacquemart  Larves de Chiro- 
nomidae (Diptera Nematocera) Par Anna Chrispeels Bostrychidae 
(Coleoptera) Par Jean-Marie Vrydagh Pp 196 (Bruxelles Institut 
Royal des Sciences Naturelles de Belgique, 1959 ) [225 

Board of Grain’'Commissionersfor Canada, Winnipeg Grain Research 
Xu Ie 1958 Report Pp vi+76 (Ottawa Queen's Printer, 
i 


225 

Forest Research Institute, Dehra Dun Indian Forest Leaflet No 
154 (Entomology) Results of Experimenta on Basal Girdling 1n Four 
Species of Timbers in Bihar in Relation to Anti-Insect Protection 


By M L Roonwal, P N Chatterjee and R. S Thapa Pp 1425 
(Delhi Manager of Publications, 1957 ) Rs 150, 2s 3d [226 
Académie Royale de Belgique Annuaire pour 1959 Pp 251+59+6 
planches (Bruxelles Academie Royale de Belgique, 1959 ) [225 
Svenska Linne- Sallskapets Arssknft, Arg 41, 1958 Pp 154 
‘Uppsala Svenska Linné-Sallskapet, 1959 ) 22 


Geological Society of America Special Paper No 65 The Floors 
ofthe Oceans,1 The North Atlantic Text to accompany the Physio- 
graphic Diagram of the North Atlantic By Bruce C Heezen, Marie 
Tharp and Maurice Ewing Pp xu4-122--30 plates 4 50 dollars 
Physiographic Diagram 150 dollars (New York The Geological 
Society of America, 1959 ) [225 

Union of South Africa Department of Agriculture Science Bulletin 
No 877 Investigations on the Composition of South Africa Milk 
7 The Compositional Quality of the South African City Milk Supply 
By S Bakalor Pp 114-117 (Pretoria Government Printer, 1958 ) 
8s 

Commonwealth of Australia Department of External Affairs 
Australian National Antarctic Research Expeditions ANARE 
Reports Series C, Vol 2 Cosmic Rays Cosmic Ray Records, Maw- 
son, 1955 ByN E Parsons Pp 59 Seriesd, Vol 8 Meteorology 
Mawson and Macquarie Island, 1959 Pp 77 (Melbourne Antarctic 
Division, Department of External Affairs, 1958 ) [225 

The Year Book of the International Council of Scientific Unions, 
1359 ra 77 (The Hague International Council of Scientific Unions, 

Fondation Universitaire ‘Trente-hutiéme Rapport Annuel, 1957- 
1958 Pp 148 (Bruxelles Fondation Universitaire, 1959 ) (225 

Proceedings of the United States National Museum No 8411 A 
Revision of the Milliped Genus Brachoria (Polydesmida — Xystodes- 
midae) By William T Keeton Pp 58 No 3413 Notes on Aradidae 
inthe US National Museum (Hemiptera) 1 Subfamily Calisimae 
By Nicholas A Kormilev Pp 209-222 (Washington,DC Govern- 
ment Printing Office, 1958 and 1959 ) [225 

United States Department of Commerce ‘Weather Bureau Tech- 
nical Paper No 35 Climatology and Weather Services of the St 
Lawrence Seaway and Great Lakes Prepared by Marte Area Section, 
Office of Climatology Pp 1+75 (Washington,DC Government 
Printing Office, 1959 ) 45 cents [225 

Records of the Queen Victoria Museum, Launceston New Series 
No 10 Geology of the Beaconsfield District, including the Anderson’s 
Creek Ultrabasic Complex By David H Green Pp 25--1 map 
No 11 The Coastal Geomorphology of King Island, Bass Strait, in 
Relation to Changes 1n the Relative Level of Land and Sea By J N 
Jennings Pp 39 (Launceston Queen Victoria Museum, 1959 ) [225 

South African Association for the Advancement of Sciences Cumula- 
tive Index, 1903-53/54, Incorporating South African Journal of 
Sevence v 1/50, 1903-53/54 , South African Sewnce v 1-2, 1947/48— 
1948/49 , Addresses and Papers v 1~4,1905 Compiled by I Isaacson 
Pp vit92 (Johannesburg South African Association for the 
Advancement of Science, 1959 ) 308 225 

Annual Report of the Trustees of the Museum of Apphed Arts and 
Sciences, Sydney, for the year ended 31st December, 1957 P. 
(Sydney Museum of Apphed Arts and Sciences, 1959 ) [225 

South African Council for Scientific and Industrial Research 
National Building Research Institute Technical Report No 7 
Colour and the Child—Colour and Its Contribution to School and Hostel 
Buildings By R Merle Frean and D M Calderwood Pp vu+27 
(Pretoria National Building Research Institute, 1959 ) [225 
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RESEARCH ASSOCIATIONS AND THEIR FUNCTIONS 


N its report for the year 1958, the Council for 
Scientific and Industrial Research discussed 
briefly its general policy towards the research 
associations, expenditure on which, in revenue and 
capital grants, 15 envisaged as rising by about a thud 
durmg the next five years, because ther scope and 
activities are growing steadily m response to the 
expressed needs of industry The Councils policy, 
however, 18 that mdustry should bear an increasing 
share of the total ope1atang cost of the associations, 
and ıt 18 envisaged that over the next five years 
giant-earnmg income from industry will be 46 per 
cent greater than durmg the past five years, while 
the grants themselves will be only 34 per cent greater 
For the year ended March 31, 1958, annual grants to 
the associations totalled £1,700,330, compared with 
£1,424,830 in the previous year, with special grants 
of £32,571, compared with £126,954 The total 
1ncome of the associations 1s given as just under £7 
milhon Jt was stated that durmg the fifteen months 
ended December 31, 1958, new or revised terms of 
grant had been awarded to ten of these associations 
The new terms are set out m “Research for 
Industry, 1958”™ (see also p 238 of this issue) This 
report on the work of the industrial research associa- 
tions meludes a summary of the report of the 
Industral Grants Committee, which at the re- 
quest of the Council has surveyed the work done 
by research associations, and the methods used 
to assess the applications for grants recerved 
from mdustry The maim conclusions and recom- 
mendations of this Committee have been accepted 
by the Council and, besides considering research 
association grant policy m the period 1957-64, the 
Commuttee’s report reviews particularly the achieve- 
ments of the ten associations which have received 
new or modified terms of grant “Research for 
Industry, 1958" also inoludes an assessment by Dr 
D T A Townend of the place of the research associa- 
tions m. the evolution of scientific endeavour in Great 
Brita, and a report prepared for tho Committee of 
Directors of the Textile Research Associations on 
how co-operative research serves the textile indus- 
tries These two surveys throw rather more hght 
than the new terms of grant on how in practice the 
Council's new policy 1s bemg interpreted 
The Industrial Grants Committee was greatly mm- 
pressed with the rapid progress of research associa- 
tions towards maturity and with the rismg quality 
of the research they carry out and the services they 
give to industry The Council 1s satisfied that 
co-operative research, as fostered by the Department, 
1s of great value to industry and the nation, and that 
the Department of Scientific and Industrial Research 
should contmue to give it whole-hearted support 


* tment of Scientific and Industrial Research Research for 
maues "1958 a Report on Work done by the Industrial Research 
Associations in the Government Scheme Pp 1v4-135 (London 
H M Stationery Office, 1959 ) 7s 6d net 


All told, the grant-aided organizations in the scheme 
serve about 55 per cent of British manufacturmg 
industry, and besides basic and applied research 
ther activities include the study of factory operations 
and working conditions, library and information 
services and technical and advisory work for mdi- 
vidual firms The largest sigle function 18 apphed 
research on problems common to the whole of the 
industry served 

The Council also endorses the Commuttee’s view 
that co-operative research brings umportant specific 
benefits to industry, economizing on money and 
scientific man-power, and offermg a scientific service 
to firms that cannot afford research departments of 
their own It helps to guide mdustry towards an 
appreciation of the value of research m general and 
facilitates an exchange of technical information and 
other forms of mutual assistance Fmally, 1+ builds 
up a store of knowledge on which the nation, through 
Government departments, can draw 

These are large claims, some of which have been 
challenged, at least to the extent of asking whether 
certam functions could be more efficiently served m 
other ways or by changing the technical character of 
the associations themselves Nevertheless, ther 
acceptance by the Council seems to dispose of any 
suggestion that the Council is mtendmg to wmd up 
some of the research associations Indeed, it is 
specifically stated that the expansion contemplated 
over the next quinquennium allows for an mcrease m 
ther number, since recent estimates of the Depart- 
ment suggest that nearly a fifth of the net output of 
British manufacturmg industry comes from trades 
which ın the Commuttee’s view are not fully covered 
by existing research facilities Some of these trades 
mught m future be appropriately served by grant- 
aided research associations 

Until the Second World War, Government aid to 
research associations in Britain was based on the 
assumption that they would eventually support them- 
selves entirely In 1945, however, ıt was decided 
that this policy was no longer in the national mterest, 
and that mdustrial grants should become one of the 
continuing activities of the Department The pro- 
cedure now generally followed ıs to award a basic 
‘block’ grant and supplement it with an ‘mcentive’ 
payment which varies (up to a maximum) according 
to what mcome an association can raise from its 
members Aid is generous to a young research 
association serving an industry which does not yet 
recognize the full value of research, but, as the 
association establishes itself and increases both tho 
scale of its work and the contribution science can 
make to the productivity of its member firms, the 
1ncentive 1s gradually reduced, and 1t ceases altogether 
when the association reaches rts appropriate size 

Even so, Dr D T A. Townend pomts out that 
eleven associations have an annual mcome of less 
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than £50,000 and only two receive more than £500,000 
Enghteen have incomes between £50,000 and £100,000, 
eight between £100,000 and £250,000, and seven 
between £250,000 and £500,000 These are not high 
figures for research to-day, and ıb could be asked 
whether they are always high enough for efficiency 
The Industrial Grants Commuttee ıs clearly askmg 
the right questions when a grant comes up for review 
at the end of five years, and the Council accepts its 
view that ıt 1s 1mportant to continue paymg a block 
grant after the association has reached an appropriate 
81ze 
This size obviously must take account of the 
adequacy of the facilities of an association for effective 
research, but the Council concurs m the Commuttee’s 
view that continuance of the block grant will enable 
the Department to exercise an important and bene- 
ficial influence on industria] research and ensure that 
each association has the necessary proportion of basic 
research m its programme It 1s also argued that a 
channel is thus kept open for the steady flow of 
research results to Government departments, this 
helps to prevent undesirable overlapping of projects 
and to secure desirable co-operation on programmes 
of wide interest 
Before these propositions are accepted, ther xm- 
plications for the Council of Scientific and Industrial 
Research require examination They presuppose the 
existence of an admumustrative structure for which 
even the Lord President of the Council has disclaimed 
responsibility Some overlappmg should certamly be 
prevented by the Council for Scientific and Industrial 
Research , but 1t should be clear from the discussion 
aroused by recent proposals for a programme of 
space research to be undertaken by Britam that there 
1s by no means general agreement that admmustrative 
arrangements are yet such as to ensure the minimum 
of overlapping, much less the most desirable balance 
and distribution of research effort 
Since the policy of reduemg incentive grants was 
adopted m 1951, the overall ratio of grant to imndus- 
trial income has fallen from 1-165 to 1 2 5, and 
the lowest individual ratio is now 1 4 6 There ıs 
nothing mechanical about the trend, and although 
the ratio 1s not given for the ten associations for 
which the terms of grant were revised durmg the 
past year, the ratio of mcentive grant to additional 
income varies from 1 1 to 1 2, and the maximum 
incentive grant from £3,000 to £18,000 These figures 
show, however, that the reduction of mcentive grants 
1s bemg exercised with the flexibihty which the 
Council adumbrates 
It 1s recognized that a long time may be required 
for an association to convince industry of the value 
of its work and that if the mcentive grant 1s reduced 
too quickly, industria] research may be discouraged 
and the purpose of the grant defeated Likewise, 
changes m the purchasmg power of money have to 
be considered, particularly when research associations 
recerve only a block grant An allowance to restore 
the real value of the grants was made 1n 1955, and the 
Industrial Grants Committee recommends a similar 
provision if necessary for the next qumquennium 
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More important than this question of finance, how- 
ever, 18 that of function ‘The Council endorses the 
Industrial Grants Commuttee’s view that 1t 1s very 
important to keep a proper balance m the activities 
of the associations between basic research, applied 
research (including development work) and mforma- 
tion, liaison and consultant services In some indus- 
tries pioneering studies of factory operations and 
working conditions are best made on a co-operative 
basis, and the Council believes that research associa- 
tions should extend this work where conditions are 
suitable, and that, wherever appropriate, the Depart- 
ment of Scientific and Industrial Research should 
carry out its research in this field and dissemmate 
the results, 1n close collaboration with the associations 

No indieation 1s given as to what is regarded as a 
proper balance between the various activities That 
will naturally vary from industry to mdustry, as well 
as with the maturity of the association It is left for 
Dr Townend to supply a rough estimate as to tho 
proportion of the £7 millon of the total mcome which 
is spent on fundamental research, though this 
estimate does not necessarily also indicate tho pro- 
portion of man-power which 1s devoted to funda- 
mental research Of a total staff of some 5,000, 
1,450 are graduates or possess equivalent qualifica- 
tions, 1,750 are research assistants, 850 artisans and 
950 admmustrative staff 

Both the Council and its Industrial Grants Com- 
muttee hold that, so long as co-operative research 
programmes do not suffer, research associations 
should be encouraged to undertake a reasonable 
amount of sponsored research Some associations 
are already prepared to do so, and generally have a 
small proportion of ther staff engaged im this way The 
practice offers definite advantages m givmg research 
workers useful experience and in strengthening the 
contact between research associations and mdustry 

The Council msists, nevertheless, that the chief 
task of tho research associations is co-operative 
research and that there are other facilities for spon- 
sored research, offered by private bodies without 
Government assistance It would welcome creased 
participation by research associations m sponsored 
research, but such activities must be kept within 
reasonable limits In future a grant-aided association 
1s free to undertake sponsored projects without con- 
sulting the Industrial Grants Committee provided 
the mcome arising 1s unlikely to exceed 15 per cent 
of total income m any year, and that the estimated 
cost of any one project ıs not more than £5,000 

Dr D T A Townend's review examines this 
question of function a httle further He ponts out 
that the present total come of the research associa- 
tions in Britain, namely, £7 millon, must be compared. 
with the expenditure of private mdustry on research 
and development of £58,000,000, or 0 8 per cent 
of industria] output, and this £7 milhon 18 Jess than 
half the £14 4 million expended on research under- 
taken within the universities ın science, technology, 
medicine and agriculture, towards which the Govern- 
ment provided about £12 million Tho universities 
are maimly concerned with extending the frontiers of 
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scientific knowledge m. an atmosphere of intellectual 
freedom and usually without regaid to the immediate 
and specific applications of ther work Industrial 
laboratories, he suggests, are mostly devoted to study 
of the processes and products of a particular firm, 
with the object of developmg something which that 
firm can do, and will do, probably to the exclusion 
of others 

That the last proposition should not be accepted 
without qualification does not, however, affect the 
validity of Dr Townend’s claim that the research 
associations are m a unique position to pmpomt the 
research problems of importance to the whole of their 
respective industries The validity of that claim 
depends rather on the effectiveness of their contact 
with the mdusiries they serve, then ability to recruit 
and retain staff of appropriate experience and ability, 
and on the quahty of them directorate Some of 
these factors can be influenced by the Counei for 
Scientific and Industrial Research, but only to a 
limited extent, and they should be borne m mund m 
considermg Dr Townend’s argument There is a 
separate domain between the universities and mdus- 
try, he argues, m which knowledge of the basic 
prierples of mdustrial processes has to be sought 
with a particular and definite objective This region 
accordingly 1s mostly unsuztable for the universities 
and ıs also somewhat too long 1n range or too expen- 
sive, at least for the smaller mdustrial firms m their 
own laboratories This, he clams, 1s particularly the 
domam of the research associations, with ther 
resources and teams of scientists capable of covermg 
a variety of disciplines with a character and mdi- 
vidualitty of ther own ‘There ıs no fuss about 
elaunmg freedom of action—the Industrial Grants 
Commuttee is emphatic as to the need for preserving 
the autonomy of the associations—nor are unattrac- 
tive features of the field of vestigation neglected 

Dr Townend beheves that mdustry m Brrtam has 
been well served by the research associations for many 
years in a well-defined field uniquely appropriate to 
the associations, with no fear of overlap, and he also 
suggests that the practice m most associations of 
pursumg both long-range and short-range objectives 
side by side contributes to the long-term future of 
the industries they serve, as well as to the virility of 
the overall activity of the associations As to the 
balance of research, Dr Townend refers to a recent 
survey of the activities of some thirty-two associa- 
tions, which showed that the proportion of effort 
devoted to basic research varied from 10 per cent to 
67 per cent, the average bemg about 28 per cent, 
whereas that devoted to applied research averaged 
63 per cent Close contact has almost mvariably 
been established between the associations and the 
universities, wherever research work of relevance to 
that of the association 1s already undertaken at uni- 
versities Sometimes the associations assist univer- 
sity departments by contracts or by financmg 
fellowships or bursaries, and this assistance may be 
given to an existing programme in a university 
department, or an association may seek to arouse the 
interest of a university department m a new subject 
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Dr Townend appears to be satisfied that these 
arrangements are adequate They ierease the 
‘thinking potential of an association and help to 
relate the work of university scientists to the needs 
of industry Often they are particularly effectrve m 
ensurmg that university workers are provided with 
a correct translation of an industrial problem into 
scientific terms, and they supplement the necessarily 
lmuted results obtamed by postgraduate students 
with ancillary measurements and background m- 
formation, thus enabling the results of the work to 
be applied more readily What ıs not specifically 
stressed 1s the atmosphere for research which the 
associations could provide and which was rightly 
stressed by Mr J Wilson in his Hinchley Memorial 
Lecture last year, and this atmosphere 1s one which 
the Council for Scientific and Industrial Research 
could certainly foster 

Clearly the interchange of staff between the 
research associations and the universities can be 
beneficial here, but Dr Townend notes that such 
transfer has decreased ın recent years, possibly in 
consequence of the general shortage of scientists and. 
of the rapid growth of departments of science and 
technology within the universities This mterchange 
could well be as umportant as the interchange of staff 
between the associations and industiy itself, and 
valuable as may be the contributions of the associa- 
tions in research, they will only render thew full 
service to industry when such interchange of staff 
proceeds freely and to the maximum extent It can 
be an mmportant factor, as Dr Townend notes, m 
supplymg mdustry with senior staff at the managerial 
as well as the technical level, and the educational 
potential of the associations 1s not the least reason 
for justifymg the contmuance of support from the 
Department of Scientific and Industrial Research 
There may well be scope for further specific develop- 
ment of the tramimg potential of the associations 
without interfernng with ther primary and main 
function of co-operative research It should be clear, 
however that if they are to render ther full con- 
tribution to mdustrial development, they must be 
assured not only of wise and far-sighted leadership, 
but also of sustamed financial support, probably on 
a more generous scale than the resources at present 
available to the Department of Scientific and Indus- 
trial Research have yet permitted. 


ROCKETS AND SATELLITES 


Manual on Rockets and Satellites 

Edited by L V Berkner, m association with Gilman 
Reid, John Hanessian, Jr, and Leonard Cormier. 
(Annals of the International Geophysical Year, 
Vol 6) Pp xx+508 (London and New York: 
Pergamon Press, 1958 ) 160s 


HERE is little doubt that this volume of the 
Annals of the International Geophysical Year 
contains the most comprehensive account yet pub- 
lished of the researches bemg carried out and the 
methods and techniques bemg used m the fields of 
rockets and satellites Any book dealing with such 
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a young and rapidly growmg subject will inevitably 
date rather quickly, and it so happened that the 
launching of the first Russian Earth satellite occurred 
at a very late stage 1n the preparation of this work 
The prelummary account of the Russian results, and 
the rapid switch m the emphasis of the American 
satellite programme from the Vanguard to the 
Explorer series, are dealt with rather briefly m 
annexes It ıs perhaps fortunate that we have on 
record here, written before 1t was overtaken by 
events, the American plan for the scientific programme 
intended for the Vanguard satellites 

Viewed as a whole the volume cannot fail to be an 
invaluable source of reference to workers im the 
field The upper atmosphere research rocket which 
still has a vital part to play is not neglected, but the 
greater part of the book 13 devoted to Earth-satelhte 
programmes and plans Those whose interest 1s more 
general will gain an insight into the complexities of 
planning and the widespread co-operation needed in 
& space research programme, in addition to a sober 
review of the many new avenues of scientific research 
now bemg opened The volume takes the form of a 
series of scientific papers, covering subjects as diverse 
as the design of instruments for many rocket- and 
satellite-borne experiments, and the organization of 
volunteer visual observing teams, both m the United 
States and in the USS R It ıs mdeed pleasmg to 
find an international flavour throughout, with 
significant contributions from the USSR 

The book 1s handsomely produced and illustrated, 
as ıs to be expected for the price One must hope 
that the end of the International Geophysical Year 
itself will not prevent the compilation of further 
authoritative international volumes in these expand- 
ing fields 


MICROCOSM TO MACROCOSM 


Matter, Earth and Sky 
By Prof George Gamow Pp 314-593 
Macmillan and Co, Ltd, 1959) 50s net 


HI and encyclopedic are the only 
terms to describe this interpretation of the 
material universe, most appropriately dedicated to 
"Aspmmng Youth" In the days of stone-turnmg 
and avenue-exploring, barriers had to be either 
surmounted or torn down, Prof Gamow himself 
was the first to realize that with the mght kind of 
approach nothmg so drastic 1s needed, and that they 
can be gently tunnelled through There is certamly 
a barrer between the experience of the ordmary 
individual and the physicist’s interpretation of ıt 
In this book, without demanding excessive penetra- 
tion on the part of the reader, the author has success- 
fully brought mto the open the truths that occupy 
the mner levels of the well 

The style follows the author's usual successful 
formula—saying what comes naturally There are 
some old friends, meludmg C G H Tompkins, 
translated to an American setting, but still on a 
communal Cambridge bicycle The illustrations are 
excellent, original and relevant—even those that are 
put m just for fun, like the one showing an ‘expert- 
ment’ on the thermal expansion of a body, which 
looks rather unkmd Scientists are pictured with a 
richly human touch—Otto Hahn registermg sheer 
amazement at the fission of wamum, Compton 
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stiumming his banjo with effect, and Bohr m orbit 
on a motor-cycle 

The book 1s divided into three sections The first, 
on "Matter and Energy", deals with the elementary 
physics of the surroundings, relating everyday 
obseivations to fundamental prmeiples This ranges 
widely from simple mechanics to computers and 
satellites and rocketry and relativity The second, 
entitled “Microcosm”, starts with the kinetic view 
of matter in terms of molecules, and covers atomic 
and nuclear physics, and a good deal besides The 
chapter on the chemistry of life, which goes very 
fully mto protem structure, and discusses Watson 
and Crick’s model of the structure of deoxyribo- 
nucleic acid and its implications for the possible 
working of heredity, 1s important both for 1ts contents 
and its influence on the young reader who may 
(though not if he has got so far through the book) 
tend to regard physics as a little remote from hvm 
The thmd part, *Macrocosm", deals with the Earth 
and its history, the planets, the evolution of the 
stars, the origin of the elements and of the galaxies, 
and the recent theory of continuous creation 

So much could not have been achieved m a single 
book without very careful planning of the sequence 
of material, and much skill has been devoted to 
plaemg the discussion of & fundamental topic 1n rela- 
tion to the geneial framework Electrolysis, for 
example, appears in the second part, where the 
electrical nature of matter 1s treated This means 
that ıt 1s a book to be read through, without dodging 
back to the begmning for explanations 

It 1s a splendid book, and highly to be recommended 
to the general reader and for the hbrary Although 
very good value for money, its price unfortunately 
places ıt high up in the gift-book class The unkind 
experiment mentioned above supposes the co-opera- 
tion of & good-natured relative, and any aspiring 
youth who can get such a one m an expansive mood 
would be well advised to clamour for this book as 
a present instead G R Noakes 


SURVEYS IN ‘APPLIED’ 


MATHEMATICS 


Some Aspects of Analysis and Probability 

By Irvmg Kaplansky, Marshall Hall, Jr, Edwm 
Hewitt and Robert Fortet (Surveys m Applied 
Mathematics, Vol 4) Pp xı+243. (New York 
John Wiley and Sons, Inc , London Chapman and 
Hall, Ltd, 1958) 72s net 


Ts book is the fourth of John Wiley's “Surveys 
m Appled Mathematics”, its production was 
sponsored by the United States Office of Naval 
Research and by the editorial board of "Applied 
Mechanics Reviews" , its authors are described as 
bemg, and indeed are, “internationally recognized 
authorities in the areas of applied mathematics 
covered by them surveys" Hall writes on com- 
binatorial analysis, and Fortet on probability theory, 
while functional analysis and abstract harmonic 
analysis are surveyed respectively by Kaplansky and 
Hewitt An English reader, accustomed to the rigid 
division between applied mathematics (where nothing 
18 proved) and pure mathematics (where nothmg is 
useful) may well fmd the classification puzzling Only 
the probabihst will be untroubled by 1$, his subject, 
having an axiomatic foundation and yet derivmg 
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all its mspiration from practical problems, has no 
place ın the traditional classification, he will be 
quite happy in the apphed mathematical club so 
long as the topological-algebraists are there to keep 
him company 

Kaplansky’s article (32 pages) 1s the shortest 1n the 
book, but 1s supported by a magnificent bibhography 
of 113 entries, nearly half of them concerning papers 
by Russian authors, he gives a remarkably clear 
and concise account of many topics of current 
interest m the theories of Banach spaces, locally 
convex spaces and Banach algebras 

Hall’s survey of combinatorial analysis will be of 
value not only to algebraists but also to statisticians 
interested m the existence and construction of 
designs and to the industrial mathematician con- 
cerned with hnear programming For the latter there 
is a fascmatmg chapter on the theorems of Philip 
Hall, Komg and Ramsey, and their applications , 
these include the transportation problem, the travel- 
ling-salesman problem, and also such curiosities as 
the followmg (Erdős and Szekeres, 1935) ‘‘There 
exists an integer-valued function N(n) of the mteger 
variable n such that every set of N points in the 
plane, no three on a hne, will contam n points form- 
mg a convex n-gon” 

Hewitt’s long article on abstract harmonic analysis 
presents a connected account of a difficult and 
important field, which 1s the more valuable because 
a large number of the most important papers reviewed 
here were published m Russian Readers of the 
older text-books on Lebesgue integration encounter 
theorems of two kinds those which make essential 
use of the group structure of the real line, and those 
which do not Those which do not (foi example, the 
Lebesgue convergence theorems) properly belong to 
measure theory, while those which do (for example, 
theorems about convolutions, and the whole of the 
Fourier theory) can nearly all be generalized to the 
situation m which the real lme 1s replaced by a (say, 
abelian) locally compact group and Lebesgue measure 
18 replaced by Haar measure, and this 1s the situation 
with which abstract harmonic analysis ıs concerned 

Fortet gives a most valuable account of a number 
of special topics ın probability theory, of which the 
most characteristic 1s development of techniques for 
handlmg random elements of general type A prob- 
ability space ıs a non-vacuous set Q, a Borel field J 
of ‘measurable’ subsets of Q, and a totally finite 


measure p on SJ normahzed so that u(Q) — ] A 
random variable «( ) 1s a mappmg from Q to the 
real line such that all counter-ımages of real 
intervals are SJ measurable, and an n-dimensional 
random variable 1s defined similarly The classical 
theory was concerned exclusively with finite sets of 
such random variables, the modern theory of 
stochastic processes 1s concerned with infinite sets 
of random variables, suitably parametrized, and the 
theory of general random elements 1s concerned with 
Qn the first mstance smgle) random variables x( ) 
where now the range of the mappmg o — a(w) hes 
not on the real line nor ın ”-dimensional euclidean 
space, but ın some more general topological-algebraic 
structure For example, Mourier and Fortet have 
studied random variables takmg values in a Banach 
space, and Gel'fand has studied random (Schwartz) 
distributions In a sense the distmetion between 
stochastic processes and general random elements is 
artificial, for if  — «(t,@) (for each tin some parameter 
set T) 1s a set of random variables constituting a 


NATURE 


215 


stochastic process, then c — v( ,@) can be thought 
of as a general random element, and conversely most 
of the general random elements one wishes to con- 
sider m practice (random age-distributions, random 
energy-spectra, etc) can be reduced to systems of 
numerical random vanables But the direct treat- 
ment of a random variable of general type, where 
possible, offers many attractions, and there can 
be no doubt that this branch of the subject will 
attract considerable attention durimg the next few 
years 

The publishers aie to be congratulated both on 
the quality of the surveys included in this volume 
and on their decision to publish this group of four 
surveys together D G KENDALL 


FUTURE MARINE BIOLOGICAL 
RESEARCH 


Perspectives in Marine Biology 

A Symposium held at Scripps Institution of Oceano- 
graphy, University of California, March 24-April 2, 
1956 Edited by A A Buzzati-Traverso Pv xvi+t 


621 (Berkeley and Los Angeles University of 
Califorma Press, London Cambridge University 
Press, 1958) 75s net 


= PPROXIMATELY 90 to 95 per cent of all 
biologists are engaged 1n terrestrial biology. 

These biologists have a tendency to consider Marine 
Biology as a somewhat secondary biological annex ” 
P Drach (p 603 e£ seg ) further states that general 
biology can never be properly balanced if based 
predominantly on terrestrial forms, however ım- 
portant they are to our welfare, a view shared by 
many of the contmbutors The expansion of marme 
biology is reflected by the wide range of subjects 
presented at a symposium planned to focus attention 
on forthcoming fields of marme research It 1s sig- 
nificant that a number of contributions come from 
non-marine biologists Forty-one papers, with sub- 
sequent discussions, are arranged in four sections: 
ecology , physiology and biochemistry , behaviour , 
evolution and genetics 

Ecological papers by P Drach, L Zenkovitch, G 
Thorsen, A C Hardy and others, while emphasizing 
that more field observations on animal communities 
are required, show the urgent need for new design 
and international standardization of instruments and 
techniques for quantitative samphng Field observa- 
tion 1s so much stiessed that K M Rae’s plea, 
echoed elsewhere, for laboratory observation and 
experiment on marine equivalents to the guinea pig 
and fruit fly stands out from the rest D P Wilson's 
studies on the ability of organisms to detect factors 
at present defying analysis, and so select a particular 
substrate, are stimulating Furthe: emphasis on this 
need for study on mueroconstituents is given by 
S K Kon (vitamms and external metabolites), 
D I Amon (meronutrients) and L  Provasoh 
(growth factors of marme algae) E Baldwin’s paper 
on biochemical perspectives and the need for more 
biochemists ın marme research 1s timely 

Papers on reef-bwlding corals (C M Yonge), 
productivity, patehuness and succession in plankton 
(W Rodhe etal, R Margalef, A C Hardy, L Tonelli 
and V Tonelli), cell ehemustry (E S G Barron, 
A Szent-Gyorgyi), biological clocks (C 5$ Pitten- 
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dngh, F A Biown, jun ) show the variety of future 
problems That the section on behaviour consists 
of four papers as compared with twelve or thirteen of 
the other sections emphasizes our lack of know- 
ledge W H Thorpe’s excellent discussion of 
ethology mdicates the vast amount of data awaiting 
discovery by simple observation assisted by aqualung, 
television and camera, and T H Waterman’s 
eontiibution on underwater polarization patterns 
suggests many new ideas about plankton behaviour 

If the biochemist 1s rare m marme biology how 
much more the geneticist Yet D L Ray shows that 
many species are suitable for genotical study, while 
papers by V L Loosanoff and Y Matsu point the 
‘way to controlled shellfish breedmg and farming 
Geographical distribution, races, speciation of pelagic 
forms where there appears to be no barrier to gene 
flow, are challengmg problems to all 

This book ıs not just a lst of problems for the 
future Most contributors base ther speculations 
on accounts of present work, much of 1b unpublished 
Many contributions are of mmediate concern and 
ib 18 regretted that ıb has taken more than two and 
a half years to produce a book that one might expect 
—and hope—will soon be out of date Errors are 
few, the chef bemg the transposition of legends to 
text-figures 2 and 12 m Hardy’s paper, while the 
last two lines to the legend of text-figure 1 of Bogorov's 
paper should read “‘contmuous hne mdicates quantity 
of phytoplankton and broken lme quantity of zoo- 
plankton” That the contributions are contamed in 
621 pages 1s largely due to the small type, but ıb 
remains easy to read and the tables and figures are 
well set out Non-marme biologists would do well 
to read this book for much of 1t has general biological 
implications J A ALLEN 


HETEROCYCLIC CHEMISTRY 


Heterocyclic Chemistry 

An Introduction By Prof Adrien Albert Pp 
vin-F424 (London The Athlone Press, University 
of London, 1959 Distributed by Constable and Co, 
Ltd) 45s net 


Six-Membered Heterocyclic Nitrogen Compounds 
with Three Condensed Rings 

By © F H Allen, m collaboration with G M 

Badger, Brice Graham, G A Reynolds, James H 

Richmond, John R Thirtle, J A Van Allan and 

C V Wilson (The Chemistry of Heterocyclic Com- 

pounds a Series of Monographs, Vol 12) Pp 


xxu+624 (New York Interscience Publishers, 
Inc , London: Interscience Publishers, Lid , 1958 ) 
1968 


HEMISTS in general and students ın particular 
have long been in need of a book of reasonable 

size on heterocyclic chemistry, but the digestion, 
selection and presentation of the subject have appar- 
ently daunted chemusts, for Morton’s book, published 
m New York m 1946, has been the only work of 
note to appear for many years This is not sur- 
prismg, for our present detailed knowledge of hetero- 
eyche chemistry must exceed in volume that of alı- 
phatie or of aromatic chemistry, and the mfinte 
variety of heterocycle compounds must cause this 
difference to become ever greater A work by Prof 
Albert is therefore warmly welcome, and ıt is ex- 
ceptionally mteresting to see how he has approached 
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the task of giving a concise account of this subject 
in 875 excellently printed pages 

He has certamly broken completely away from the 
orthodox treatment, m which each class 1s usually 
discussed largely ın the order syntheses, reactions, 
and finally structure on the basis of these two sections 
Instead, Prof Albert makes primarily an electronic 
structure approach to the various classes, and also 
discusses ther physical properties, particularly 
spectra, ionization constants, oxidation-reduction 
potentials, and dipole moments in considerable (and 
very valuable) detail, relegating much of the synthetic 
side to smaller prmt This makes absorbing reading 
to the more advanced chemist, but one wonders 
whether students will both grasp and then continue 
to visualize the main bulk of heterocyclic compounds 
as “x-Deficient N-Heteroaromatics’’, ‘‘n-Excessive 
N-Heteroaromasties", and  '"x-Exeessive O- and 
S-Heteroaromaties", which form the titles of the 
author's three mam chapters ? 

The author has dealt wrth the problem of condensing 
the sheer bulk of material partly by confining refer- 
ences to original literature to papers published since 
1930, on the ground that these papers will provide 
sufficient references to earlier work The result can 
be unfortunate, for an account of fundamental work 1s 
often followed solely by & recent reference, which 
may record comparatively trivial modifications or 
extensions of the earher work consequently the 
student may often lack the means to honour “the 
memory of the pioneers of heterocycle chemistry” 
to which the book ıs dedicated It ıs a pity, further- 
more, that although two distinct series of volumes on 
heterocycle chemistry are still appearing, references 
are given almost solely to Elderfield's series, and the 
larger Weissberger series is almost ignored 

The reviewer notes with interest the categorical 
statement that purmes synthesized by buildmg a 
pyrimmidme ring on to an munazole ring “have always 
introduced a hydroxy- or amimo-group m the 6- 
posttion” (p 198) Mann and Porter, m 1945, 
synthesized by this method a number of 1 7-dialkyl- 
purmes which did not contam these groups in this 
position 

The fresh approach, the clear lucidity of the 
presentation, and the author’s personal enthusiasm 
have produced a book which chemists will read with 
great mterest 

The other volume, the twelfth to be published in 
the Weissberger series, ıs devoted solely to the 
chemistry of compounds having three six-membered 
rings fused together, the only hetero element bemg 
one or more nitrogen atoms The vast amount of m- 
formation, carefully classified and coded in about 
600 pages, vividly illustrates the reviewer's earher 
comment on the expanse of our knowledge of hetero- 
cyclic chemistry The book deals with the chemistry 
of aza- and polyaza-anthracenes, -phenanthrenes and 
-benzonaphthenes, the amount of work entailed 
becomes apparent when one recalls that the monaza- 
phenanthrenes alone form a group of five isomers 
Furthermore, tables are provided enumerating all 
the known simple and substituted members of each 
class up to 1952 This vast accumulation of know- 
ledge has required the services of several chemists, 
and ıt concludes with an excellent chapter on “The 
Ultraviolet Absorption Spectra of Polycyclic Hetero- 
cycle Aromatic Compounds” by Prof. G M Badger, 
of the University of Adelaide. This volume forms 
an outstandmgly valuable addition to the Wess- 
berger series. F G MANN 
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Puzzle-Math 


By Dr George Gamow and Dr Marvm Stern Pp 


119 (London Macmillan and Co, Ltd, 1958) 
8s 6d net 


Bes of the ‘mathematics for fun’ type are often 
neither very mathematical nor very funny, but 
those who know some of Dr Gamow’s earlier writings 
will expect this volume, m spite of rts catchpenny 
title, to combme amusement with instruction, and 
they will not be disappomted The thirty-three 
problems are entertamungly set out, and solved by 
honest mathematical processes, mvolving httle or 
no manipulative technique There are some ‘chest- 
nuts’—the three travellers with dirty faces, the fly 
between two approaching trams—but many of the 
problems are new or not widely known Is a motorist 
hkely to be held up longer at a level-crossing if the 
track ıs double than if 16 ıs single ? When we rmg 
for a lift, why does ıt seem to come ın the wrong 
direction more often than not’? A bright student 
might easily be led to a better appreciation of the 
fundamental logic of mathematics by readmg this 
cheerful little book T A A BROADBENT 


Transactions of the International Conference on 
the Use of Solar Energy 

The Scientific Basis, held at Tucson, Arizona, USA, 
October 31 and November 1, 1955 (Sponsored by 
University of Arizona, Tucson, Arizona, Association 
for Applied Solar Energy, Phoenrx, Arizona, Stan- 
ford Research Institute, Menlo Park, Cahforma ) 
Vol 1 The Available Energy Measurement of 
Radiation Pp xvi+135 Vol 2 Thermal Pro- 
cesses, Part 1, Section A, Flat Plate Collectors 
Pp 1x+145 Vol 2 Thermal Processes, Part 1, 
Section B, High-Temperature Solar Furnaces Solar 
Power Pp v+146—-264 Vol 3 Thermal Processes, 
Part 2, Solar House Heatmg Solar Water Heatmg 
Solar Stoves Solar Distillation Pp x+168 Vol 4 

Photochemical Processes Pp xu+187 Vol 5 

Electrical Processes Pp xn-4-132 (Tucson, Arizona 

The University of Arizona Press, 1958 ) 12 50 dollars 
the set 


HESE ‘Transactions, contammg 85 scientific 

papers totalhng 887 pages, represent one of the 
most valuable publications on solar energy research 
It ıs therefore all the more regrettable that although 
the conference at which these papers were presented 
was held late m 1955, publication has been delayed 
until the end of 1958, and moreover that there 1s no 
record of the valuable discussions that took place at 
the conference 

The conference discussed the scientific basis of solar 
energy research and was followed by the World 
Symposium on Apphed Solar Energy at Phoenix, 
Arizona The papers at the latter conference, which 
dealt preferentially with applications, were published 
in 1956, and the proceedmgs were reviewed by the 
writer (Nature, 178, 229, 1956), who also described 
m some detail the general features of both con- 
ferences soon after the meetings (Nature, 177, 110, 
1956) 

The present review 1s therefore restricted to con- 
sideration of a few aspects which have since been 
emphasized as 1mportant by the trend of solar energy 
research in the interval that has elapsed since 
presentation Interest in the flat-plate type of 
collector used for water-heatmg continues, but 
research is concentrated on the simplification of 
design and the use of metallic oxide surface coatmgs 
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to restrict re-radiation of long wave-length and thus 
enable higher temperatures to be attained The high 
cost of the silicon photo-cell, which was then newly 
developed, has as prophesied been reduced to econo- 
mie competition with electricity from dry cells and 1s 
coming into general use for portable radio and tele- 
phone equipment, not excluding such objects as 
space satellites The solar furnace sponsored by the 
French Government and described by M. Trombe in 
Vol 2 ıs the most active achievement at present, 
and simular furnaces have been sponsored by the 
governments of other countries for testmg materials 
to resist the thermal shock encountered m high-speed 
rocket flight and space travel 

The Transactions are essential to those embarking 
on solar energy research, or wishing to ascertain the 
state of knowledge up to very recently Although there 
have been some remarkable developments smce the 
conference, this set of volumes, which has been 
compiled by Prof Carpenter of the University of 
Arizona Observatory, constitutes a record of perman- 
ent value H Herywoop 


The Fundamentals of Statistical Reasoning 

By M H. Quenoulle  (Griffin's Statistical Mono- 
graphs and Courses, No 3) Pp 169. (London 
Charles Griffin and Co , Ltd , 1958) 24s 


GOOD short book on the basic principles and 
theory of statistical inference, expository of 
those parts of the subject on which statisticians are 
now generally agreed and objectively errtical of some 
of the more controversial lines of thought, would be 
of great value Such a book appears to have been 
Mr Quenouile's aim, but he has had indifferent 
suecess Few subjects are m greater need of careful 
choice of every word, yet all too often the writing 
here ıs ambiguous or lacking in clarity For example, 
the opening paragraph of a chapter on testing hypo- 
theses tends to obscure the important distmetion 
between decision theory and scientific ference that 
Fisher and Barnard have so usefully emphasized m 
recent years Later m the same chapter “restriction” 
of errors of both the first and the second kind 1s said 
to be essential to a significance test of (surely “of 
deviations from” would be clearer) a null hypothesis 
The first four chapters rapidly survey the concepts 
of probability, elementary distribution theory, 
estimation, and hypothesis testing The second half 
of the book is of & different order of difficulty and 
of much greater mterest ‘Here 1s an introduction to 
maximum likelihood and fiducial inference that 
could well form the basis of & more substantial text 
and could stimulate further research Mr Quen- 
ouille has a gift for devising the Ulummating example 
He has evidently devoted much thought to fiducial 
distributions, and one wishes that he would undertake 
the systematic and critical account of this topic 
that must supplement Fisher’s more intuitive 
approach if ıt is to attain its proper recognition 
Unfortunately, the present book 1s again unsatisfying, 
not only because of limitations of space but also be- 
cause too often the reader cannot tell what 1s part of 
standard theory, what 1s a new contribution from the 
author (possibly deserving more explanation or more 
detailed reference to other publications), and what 1s a 
tentative suggestion for future exploration However, 
although one may question the wisdom of mcludmg 
some of this material m an introductory book, 
undoubtedly the more advanced student will value 
1b D J FINNEY 
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The Nature of Experience 

. By Sir Russell Bram, Bt (The Riddell Memorial 
Lectures, Thirteenth Series, delivered at King’s 
College m the University of Durham, 12, 13 and 14 
May 1958) Pp vm-+73 (London Oxford Univer- 
sity Press, 1959) 8s 6d net 


CCORDING to the trust deed, the Riddell 
lecturer is required to discuss “the relation 

between religion and contemporary development of 
thought" It ıs interesting to look back over past 
titles, and to see how successive speakers have 
interpreted their task In this context, how well these 
discourses—the thirteenth—fit mto the series, and 
maintain their tradition 

The theme is the field of perception, which the 
author explores with the object of attamung a view 
sufficiently comprehensive to restram, if possible, the 
excessive specialization which is the outstanding 
characteristic of modern thought The three lectures 
are entitled, (1) “Vision and Fantasy", (2) “The 
Nature of Perception", (3) "Symbol and Image" 
Some useful notes and references follow at the 
end 

Sir Russell 1s a leading neurologist, and one would 
expect to find a telling picture of mental processes , 
in the event, this knowledge is Imked with rare 
aesthetic msight 

The first lecture reviews the conventional sense- 
impressions and ther many contrasts with the 
structure of matter as the physicist knows 11 The 
author believes that the qualities perceived are 
constructs of our own brains Of particular mterest 
is the account of abnormal states produced, for 
example, by mescalme The second lecture contains 
a well-balanced review of the objections which have 
been raised agamst the writer’s theory In tho last 
lecture, perhaps the most difficult, art ıs taken “as 
the embodiment of feelings m perceptual form”, and 
thus embraces that subjective element deep in human 
nature which raises ib, at times, to an image of the 
Divine F I G RawrrNS 


Kingdom of the Octopus 

The Life-History of the Cephalopoda By Frank W 
Lane Pp xx+287+48 plates (London Jarrolds 
Publishers (London), Ltd, 1957) 30s net 


ME LANE’S book provides a collection of superb 
photographs for which the amateur naturalist 
and professional zoologist must be equally grateful 
The full bibhography, clearly representmg an 1m- 
mense amount of hard work, will be of value to the 
teuthologist, making available a number of obscure 
references and enabling him to examme for himself 
the provenance of the many curious and often enter- 
tainmg legends and observations embodied im the 
text, and thus to make his own estimate of ther 
scientific value 

The text has the inevitable failmgs of one written 
by an author who has no (and does not claim to 
have) specialist knowledge of the subject, and for 
whom ıt 1s therefore hard to assess the relative mpor- 
tance of the different facts and concepts which he 
has collected Without such evaluation, however, 
verbally accurate statements can become misleading, 
and this fault 15 intensified, m Mr Lane’s book, by a 
tendency to dramatic presentation which results m 
mmportant aspects of the subject receiving less full 
treatment than relatively trivial but striking details 
A similar weakness is to be found m the references 
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made to authors m the text Mr Lane is most 
careful to quote his sources, but, too often, equal 
weight ıs apparently given to the long-established 
findings of famous zoologists, to isolated observations 
scarcely yet verified, and even to statements, not 
necessarily accurate, introduced casually in the 
writings of speciahsts on other ficlds 

These failings will not diminish the interest which 
the rich anecdotal material and fine illustrations will 
rouse m the general reader , but, as a result of them, 
the book 1s scarcely suitable for the use of the student 
who seeks accurate and balanced information, and 
is not a book to be used for professional teaching 
without constant checking Anna M. BIDDER 


Die gesunden und die erkrankten Zahngewebe des 
Menschen und der Wirbeltiere im Polarisations- 
mikroscop 

Theorie, Methodik, Ergebnisse der Optischen Struk- 

turanalyse der Zahnhartsubstanzen samt ihrer Umge- 

bung Von Prof W J Schmdt und Dr A Kel 

Pp 3860 (Munchen Carl Hanser Verlag, 1958) 

48DM 


HIS book 1s undoubtedly a classic of 1ts kind by 
authors who are world authorities in this particu- 
lar field It deals m the greatest detail with the 
normal structure of the calcified tissues of the teeth 
of man and animals, and then proceeds to a considera- 
tion of their structure m disease The study of the 
calcified tissues of the teeth has always presented 
considerable difficulty The two methods which have 
been used most are microradiography and polaiized 
hght It seems a pity that no attempt has been 
made in this book to consider microradiogiaphy , 
but there 1s no doubt that the use of polarized light 
as here described and the mterpretations given make 
ib & very delicate method for this work Much 
difficulty has been caused m the past by faults m 
interpretation arising from form birefringence and the 
possibility of birefrmgence arising from the organic 
matrices of some of these structures, but these aro 
now all explamed m detail, giving a proper scientific 
basis for further study 
This 1s the only authoritatrve work on the subject 
It 1s beautifully produced and very well illustrated 
No department, dental or zoological, dealmg with the 
structure of normal or diseased teeth can afford to be 
without ıt A I DARLING 


Hundred Years of the University of Calcutta 
Supplement Pp xvui4-732--95 illustrations 
cutta University of Calcutta, 1957) np 


Tm Centenary History of the University of 
Calcutta, was reviewed m these columns a little 
more than a year ago (Nature, 180, 1152, 1957) 
This massive supplement adds a large volume of 
material, including descriptive accounts of the 274 
colleges which are or have been affated with the 
University , similar accounts of the development and 
present state of the institutes and departments of 
the University , a select lst of research publications , 
8 list of University and College teachers in 1956, 
and a record of the speeches and ceremonies with 
which the centenary was celebrated m January 
1957 There are nearly one hundred attractive 
photographs, chiefly of college buildmgs This is 
the largest University m the Commonwealth— 
probably m the world—putting ıtself on record for 
posterity R S ArrkEN 


(Cal- 
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RADIATION MEASUREMENTS TO 658,300 KM. WITH PIONEER IV 


By Pror JAMES A VAN ALLEN and LOUIS A. FRANK 


State University of lowa, lowa City 


Introduction 


ana present report comprises. (a) the radiation 
observations obtamed with the US deep-space 
probe Peoneer IV , (b) a comparison of these observa- 
tions with those of P«oneer III and of the first Soviet 
cosmic rocket, and (c) an interpretative discussion 

The Pioneer IV programme was conducted under 
the same auspices as those for Pioneer III The 
radiation detectors and the payload assembly were 
developed, calibrated and tested co-operatively by 
the Jet Propulsion Laboratory of the Califorma 
Institute of Technology and by the State University 
of Iowa The four-stage rocket vemcle and 
associated aspects of the enterprise were handled 
jomtly by the US Army Ballistic Missile Agency 
and the Jet Propulsion Laboratory, and the launching 
was conducted at the Atlantic Missile Range, Cape 
Canaveral, Florida 

The radiation ‘package’ was very nearly identical 
to the one flown! on Pioneer III except for one 
essential change—the Anton type 213 Geiger tube 
was encased in an additional shield comprismg & 
closed-end cylinder of lead of thickness 4 0 gm /em ? 
and an mner cylinder of stainless steel of thickness 
06 gm/em? (Fig 1) On the basis of extensive 
laboratory calibrations at the State University of 
Iowa, the respective Anton 302 Geiger tubes in 
Pioneers III and IV had identical charactoristics 
(that 1s, effective dimensions, shielding, etc) to 
withm + 10 per cent (see ref 1 for further detail) 

The purposes of the radiation expermnents in 
Pioneer IV were as follows (a) a re-survey of the 


Thin fibre-glass case 


Lead shield on 


G M. tube GM tube type 218 


type 302 





Ur 
a I 


Fig 1 Physical arrangement of radiation detectors in conical 

payload of Pioneer IV Base diameter 23 cm Total payload 

weight 6 1kgm The arrangement of Pioneer III was identical 
except for omission of the shield over the 218 tube 





Fig 2 Plots of the projection of the trajectories of Peoneer III 
and Pioneer IV on & geomagnetic meridian plane (centred dipole 


model) Unit of distance, pg = 6,371 km 
intensity-structure of the zones of trapped radiation. 
around the Earth, with special mterest m temporal 
changes since December 6 and 7, 1958, (b) & crude 
determmation of the absorptivity of the trapped 
radiation as a function of position ın order to increase 
knowledge of 15s composition and spectral character , 
(c) a re-determination of the effective extent of the 
geomagnetic field, (d) a search for magnetically 
trapped radiation in the viemity of the Moon, 
(e) & re-determmation of the cosmic-ray mtensity in 
interplanetary space, (f) a search m interplanetary 
space for ‘blobs’ of plasma contaimng particles 
sufficiently energetic to be detected by the present 
equipment 


Flight of Pioneer IV 


Launch from Cape Canaveral, Florida (28 7° N 
80 7° W ) at 05 11 ut on March 3, 1959 

Burn-out velocity (‘space-fixed’) 11 08 km /sec 

The positional co-ordmates as & function of time 
were measured by the Jet Propulsion Laboratory 
tracking array to an uncertamty of some +5 km 
throughout the region of the trapped radiation and 
to a slowly increasing uncertainty thereafter Table 1 
hsts representative values of the co-ordinates, and 
Fig 2 gives a plot of the trajectories of Peoneers III 
and IV m the viemity of the Earth 


Telemetry 


The array of Jet Propulsion Laboratory telemetry 
stations comprised receivers at Cape Canaveral, 
Florida (5-ft dish), near Mayaguez, Puerto Rico 
(10-ft dish), and at Goldstone Lake, Califorma 
(85-ft dish), as before In addition, there was the 
valuable Jodrell Bank 250-ft dish, through the 
courtesy of Prof A C B Lovell The following 1s a 
summary of flight periods durmg which usable 
radiation observations were obtamed 
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(d) Jodrell Bank 


1 
w OP nS OB March 3 06 31-12 24 UT 


~ March3 0511-0523 UT 


(b Puerto Rico March4 07 52-08 08 
March3 05 14-05 52 U T Ee 

07 23-15 32 March 5 05 41-12 58 

(c) Goldstone Lake March 6 065 42-12 59 


March 8 11 58-21 03 U T 
March 4 12 34-21 15 
March 5 12 40-21 12 
March 6 12 53-15 00 


From the pomt of view of the radiation experi- 
ment, the only serious loss of data occurred m the 
period 05 52-06 31 v T on March 3 

Beginning at about 1420 v T on March 6, the 
strength of the radio signal fell rapidly and no usable 
data were received after 15 00 ut In view of the 
rapidity of the decline (m spite of a trivial rate of 
change of distance) and of its occurrence at about 
the end of the expected life-time of the batteries, 16 
is presumed that loss of signal at about x + 82 hr 
was due to exhaustion of the mercury batteries in 
the power supply of the payload The radial distance 
from the centre of the Earth was 658,300 km at 
1500 UT 


Radiation Observations 


Due apparently to a lugh-g shock which was 
recorded during the launching phase, the high scalmg 
factor (217) element of the 302’s scaling circuit did 
not function in flight This failure gives some cause 


Table 1 REPRESENTATIVE VALUES OF POSITIONAL CO-ORDINATES OF 
Pioneer IV 


(Bv courtesy of Jet Propulsion Laboratory) 

















Geo- Radial Radial 
Date Geo- graphical distance distance 
and hour graphical longitude | from centre | from centre 
(UT) latitude (ER) of Earth of Moon 
March 8 (km ) (km ) 
05 16 28 08° 289 38? 6,079 376,902 
05 20 24 49 310 24 7,484 374,585 
05 25 18 51 327 98 8,894 371,731 
05 30 13 16 339 29 10,518 369,039 
05 35 8 90 346 70 12,221 350,532 
05 40 5 55 352 00 13,940 364,193 
05 45 2 88 355 74 15,646 361,998 
05 50 0 72 358 48 17,326 359,927 
05 55 —1 07 0 52 18,977 357,960 
06 00 —2 57 2 04 20,596 356,084 
06 10 —4 95 3 98 23,739 352,556 
06 20 —6 77 4 92 26,767 349,272 
06 30 —8 20 518 29,691 346,184 
06 40 —9 37 497 32,522 343,255 
06 50 —10 34 441 5,271 340,460 
07 00 —11 16 3 58 37,947 337,779 
07 30 —13 03 359 98 45,004 330,280 
08 00 —14 34 355 31 52,812 323,400 
08 30 —15 31 349 99 59,067 316,982 
09 00 —16 07 344 25 66,236 310,917 
10 00 —17 20 331 92 78,606 299,593 
11 00 —18 00 318 88 90,452 289,070 
12 00 —18 61 305 41 101,662 279,139 
18 00 —20 53 220 44 161,788 226,753 
March 4 
00 00 —21 39 132 74 214,953 180,855 
06 00 —21 89 44 07 204,261 138,707 
12 00 -—22 23 314 91 311,064 100,511 
18 00 —22 46 226 44 356,113 70,343 
23 00 —22 59 150 71 392,608 60,149* 
March 5 
00 00 —22 61 135 74 399,796 60,624 
06 00 —22 08 45 8 442,117 79,376 
12 00 —22 72 315 95 483,204 113,528 
18 00 —22 74 225 97 523,322 153,484 
Maich 6 
00 00 —22 76 135 95 562,660 195,942 
06 00 —22 76 45 90 601,348 239,979 
12 00 —22 77 315 83 639,476 285,112 
18 00 —22 77 225 75 677,116 331,132 

















* Nearest approach to the Moon (approx ) 
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for uneasiness concerning the proper operability of 
all other elements of the payload But we have been 
quite unable to find any evidence for any other mal- 
function and believe that the results reported below 
are trustworthy 

In Fig 3 ıs plotted the true counting rate, R, of 
the 302 Geiger tube as a function of time Errors 
are insignificantly small except where error bars are 
drawn The constant counting rate beyond 11 10 v 
continues without significant variation to the outer- 
most hmuit of observations Also shown 1s the equi- 
valent counting rate of the heavily shielded 213 
Geiger tube Normalization of the counting rates of 
the two tubes was done m pre-flight laboratory tests 
by subjecting them (both unshielded) to identical 
exposure in a beam of hard X-rays The quasi-dc 
output of the 213 tube was measured by the audio- 
frequency of the subcarrier oscillator to which its 
amplifier was connected A substantial temperature 
correction was necessary and was made by comparison 
with another, similarly located oscillator the input of 
which was digital and the temperature coefficient of 
which was simular The temperature of the inner 
portion of the payload rose from a launching value 
of 15° C to an asymptotic value of 415 4- 10* C 
with a time constant of about 3 hr The 302 system 
had zero temperature dependence over this range 
In the lower left-hand corner of Fig 3 1s plotted as a 
dashed line the ratio of the equivalent counting rate 
of the (shielded) 213 tube to that of the 302, this 
ratio 1s the apparent transmission, T, of the shield 
The absolute value of T is uncertam by some 
+ 25 per cent of ıts value due to a combmation of 
systematic errors 

In the time-period 06 31-06 53 vu T the true 
counting rate of the 302 may lie either on branch A 
or on branch B Such an ambiguity is mtrinsic to 
the characteristic curve of apparent rate versus true 
rate of the system (cf ref 1) and can be resolved 
only by auxihary data The corresponding trans- 
mission curves are labelled A and B, respectively 
Further discussion ıs deferred to the next section 

In Fig 4 the observations with the nearly identical 
302 tubes of Pioneer III and Pioneer IV are shown 
as & function of radial distance from the centre of 
the Earth, ignormg differences of longitude and 
latitude 


Discussion and Interpretation 


The most strikmg features of Fig 4 are the ım- 
mensely greater quantity of trapped radiation m the 
outer zone on March 3, 1959, than on December 6, 
1958, and the detailed structure present, especially 
in the 60,000-90,000 km region It may also be 
noted that the observations by Vernov e£ al? with 
the Soviet cosmic rocket show that the situation on 
January 2, 1959, was similar to that on December 
6 and 7, 1958 It is very suggestive that there was 
a substantial magnetic storm commencing at 02 15 
UT on February 25 and that there were aurore of 
strong intensity on February 25-28 and on March 1 * 
A special study of this event by Trotter‘, of the High 
Altitude Observatory, makes ıt appear hkely that at 
least three sequences of geophysical events starting 
on February 25, March 26 and April 23, respectively, 
were due to a solar M region In any event, i6 18 
noteworthy that the flight of Pioneer IV was preceded 
by five consecutive nights of strong auroral activity, 
whereas the periods preceding the flights of Proneer 
III and of the Soviet cosmic rocket were especially 
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trons of such energies But 
transmission curve A ıs alto- 
gether consistent with this radia- 
tion situation 

Adopting branch A and mak- 


130,000 km 





mg use of our absolute X-ray 
cahbrations of the 302 tube, we 
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Fig 3 The counting rate observations during the early part of the flight of Pioneer IV 


(see text for further description of data) 


quiet geophysical periods Hence we suggest that 
the great temporal differences shown in Fig 4 con- 
stitute the direct observation of the changes which 
occur in the outer radiation zone of trapped radiation 
following strong corpuscular emission from the Sun 
If this view be accepted then ıb &ppears that the 
Pioneer IV observations provide the most persuasive, 
direct evidence thus far available for the solar ongm 
of (at least) the outer radiation zone 

The inner peak of the Proneer IV data (at 11,000 
km) ıs about three times as intense as that of 
Proneer III, but reference to Fig 2 and to a largo- 
scale, corrected’ plot as m Fig 5 of ref 1 shows that 
the inner zone was not significantly different on the 
occasions of the two flights From this fact 16 may 
be concluded that the mner zone, lying as ıt does m 
the region of strong geomagnetic field, is relatively 
well isolated from direct solar 
influence 

The A-B ambiguity referred 
to im the precedmg section m 
connexion with Fig 3 (and Fig 
4) has not been conclusively 
resolved, but the following dis- 
cussion strongly favours branch 
A as the correct one The work 
of Vernov et al? makes i6 


1,000,000 








1000 1100 1200 1800 1400 1500 
vT 


find that the omnidirectional 
flux of electrons of energy greater 
than about 20 keV was of the 
order of 1 x 10!/em? sec at 
30,000 km radial distance on 
March 3, 1959 

Also ıb is evident that the 
omnidirectional flux of electrons 
of energy greater than 200 keV 
did not exceed 1 x 108/em ?see , 
of electrons of energy greater 
than 25 MeV did not exceed 
l x 10%/em ? sec , and of protons 
of energy greater than 60 MeV 
did not exceed 1 x 10?/em ? sec 

The observations of Proneer 
IV m the mner zone are unam- 
biguous and show that about 
30 per cent of the radiation 
recorded by the 302 m the lower frmge of the zone also 
penetrates an additional 4 0 gm [em ? of lead and 
0 6 gm /em ? of steel The radiation becomes rapidly 
and progressively softer as one goes outwards from 
the Earth (Fig 8) On the basis of two recent rocket 
investigations into the lower frmge of the inner 
zone" and of our extensive Haploier IV and Proneer 
III observations! *, we propose the followmg ten- 
tative composition of the trapped radiation present 
in the heart of the mner zone (altitude about 3,600 
km on the geomagnetie equator) (a) electrons of 
energy greater than 20 keV —maximum unidirec- 
tional mtensity ~ 2 x lO?/em ? sec steradian, (b) 
electrons of energy greater than 600 keV —maxmum 
unidirectional mtensity ~ 1 x 107/em? sec stera- 





dian , (c) protons of energy greater than 40 MeV — 
omnidirectional mtensity ~ 2 x 10#/em ? sec 


The 
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appear hkely that in the outer 
zone the effects recorded by a 
detector under more than 1 gm / 
cm? of absorber are due to 
bremsstrahlung from the bom- 
bardment of the outer skm 
of the payload by electrons of 
energies less than 100 keV and 
with a spectrum steeply rismg 
toward lower energies If this 


R counts/sec 























be so, then we note that trans- 
mission curve B of Fig 3 not 
only has a quite unreasonable 
steepness but at its mner end 
has a value at least an order 
of magnitude greater than that 
measured ın the laboratory with 
X-ray beams generated by elec- 





10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000 
Radial distance from centre of Earth (km ) 


Fig 4 A comparative plot of the intensity data of Pioneer IIT and Pioneer IV on the 
* same soale of radial distance but ignoring differences of latitude and longitude 
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latter two of these three figures are probably trust- 
worthy to a factor of 2, the first one to a factor of 5 
These results favour the neutron albedo hypothesis 
of origm of the mner zone of Vernov and others (cf 
discussion of ref 8), m respect to both the electron 
and proton components A valuable discussion of 
the proton component has been given recently by 
Hess? Some residual doubt may be felt as to the 
adequacy of the source function Jt should also be 
noted that there 1s a rapidly developmg body of 
knowledge on the sporadic, though relatively frequent 
(order of once a month) arrival of solar protons 
having energies up to several hundreds of MeV and 
mtensities up to several orders of magnitude greater 
than that m the quiet cosmic ray beam!0713 

The conclusive identification of protons in the 
lower frmge of the inner zone? and the resemblance 
of their spectrum there to that expected on the 
neutron albedo hypothesis? has been accepted by 
many workers as conclusive evidence for the adequacy 
of this hypothesis The quantitative considerations 
of Hess bave also added strongly to this pomt of 
view But ıt should be remarked that others, in- 
cluding Morrison, Gold and the present authors?, have 
some uneasiness m aeceptang a trappmg.hfetime of 
several years, as 18 necessary for the success of the 
neutron albedo hypothesis Thus, ıb 15 comfortmg to 
find that there 1s now an alternative source of protons 
(that 1s, direct solar emission) of suitable energy and 
intensity, provided a valid mechanism can be dıs- 
covered for their admission mto the mner zone The 
reader 1s also cautioned to await observations durmg 
the oncoming period of mımmum solar activity for 
ilummatimg evidence on temporal changes ın both 
inner and outer radiation zones Such a programme 
of observation 1s bemg undertaken by this laboratory 


Radiation Intensity Beyond 92,000 km 


Pioneer IV provided a total of 45 hr of observation 
of the counting rate of the 302 Geiger tube im the 
range of 92,000-658,300 km from the centre of the 
Earth (The counting-rate-meter circuit of the 213 
was not sufficiently sensitive to provide a reading at 
any time durmg this portion of the flight ) The mean 
countmg rate was calculated over each mierval of 
time durmg which 256 (29) counts were recorded 
The distribution of counting rates m the 695 such 
intervals (each of about 4 mm duration) has been 
studied ın detail and it has been found that during 
no one of these intervals did the counting rate differ 
with statistical significance from the overall mean 
value of 1 090 + 0 003 counts per sec 

A broader scale survey of the mean counting rate 
during larger segments of the trajectory was obtained 
by tabulating the times at which ‘flips’ of the major 
scaler (213 = 8,192 counts per major ‘flip cycle’) 
occurred The constancy of the countmg rate durmg 
observed periods encouraged us to also ‘count 
through’ the unobserved periods of time, durmg 
which the payload was below the effective horizons 
of the receiving stations | Durmg the longest such 
period six major firps were missed, and durmg the 
other two such periods four major flips were missed 
if 1t be assumed that the counting rate did not differ. 
markedly when under observation and when not 
under observation The results of this process are 
shown ın Table 2 The trustworthmess of the tabu- 
lated counting rates durmg unobserved periods rests 
on a postervor« evidence as follows On the assump- 
tion that the unobserved counting rates did not differ 
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Table 2 SUMMARY OF DATA FROM 802 TUBE BEYOND 92,000 ku BY 
FLIPS oF MAJOR SCALER 


(8,192 counts per flip cycle) 



































Radial | Radial 
Seral| "Time of flip Mean distance | distance 
No and station, counting rate to to 
of |day,hr,mm, Ab (sec y= centre | centre 
flip sec sec | of Earth| of Moon 
(km (km ) 
0 | 8/121819 7B 
0 | 3/1218 22 PR 
1 | 3/142318 PR| 7,401 | 1 094-0 012 
0 | 3/12 18 22 GL 104,920 | 276,240 
1 | 38/1423 10 GL | 7,488 | 1 09440 012 | 126,740 | 257,180 
2 | 3/162918 GL, | 7,568 | 1 0824-0 012 {147,440 | 239,080 
3 | 8/18 3418 GL | 7,500 | 1 092+0 012 | 167,020 | 222,150 
4 | 3/20 3915 GL 497 ! 1 09384-0 012 | 185,880 | 205,940 
5 | Not observed 
s at EMT | 
ot observe: 
8 | Not observed 52,620 | 1 090+0 005 
9 | Not observed 
10 | Not observed 
11 | 4/11 1615 JB 305,450 | 104,880 
12 | 4/13 20 55 GL | 7,480 | 1 09510 012 | 321,340 | 92,750 
13 | 4/15 2707 GZ | 7,572 | 1 082+0 012 |337,150 | 81,680 
14 | 4/17 3818 GZ | 7,571 | 1 0824-0 012 | 350,930 | 73,140 
15 | 4/19 38840 GL | 7,522 | 1 089--0 012 | 366,420 | 65,620 
16 | Not observed 
17 Not observed |37,386 | 1 09640 005 
18 | Not observed 
19 | Not observed 
20 | 5/06 01 46 JB 440,610 | 79,840 
21 | 5/08 0618 JB | 7,467 | 1 0974-0 012 | 454,910 | 88,010 
22 | 5/10 12 23 JB | 7,570 | 1 082+0 012 | 470,990 | 102,420 
23 5/1216 32 JB | 7,449 | 1 10040 012 | 485,110 | 115,320 
24 | 5/14 22 88 GL | 7,501 | 1 083+0 012 | 499,230 | 128,950 
25 | 5/16 2721 GL | 7,448 | 1 1000 012 | 513,040 | 142,816 
26 | 5/183055 GL | 7,414 |1 1054-0 012 | 525,090 | 155,280 
27 | 5/2085 18 GL | 7,460 | 1 0984-0 012 | 540,350 | 171,510 
28 | Not observed 
29 | Not observed |37,620 | 1 089+0 005 
30 | Not observed 
81 Not observed 
82 | 6/07 0215 JB 607,950 | 247,650 
383 | 6/09 08 41 JB | 7,588. 11 0804-0 012 | 619,840 | 261,660 
34 | 6/1113 48 JB) 7,507 | 1 090+0 012 | 634,630 | 279,290 
85 | 6/13 2057 GL | 7,629 | 1 074-0 012 | 447,990 | 295,390 





Overall mean for 35 intervals, 1 090 + 0 002 counts/sec 
Overall] mean for 17 observed intervals, 1 090 + 0 003 counts/sec 
PR, Puerto Rico, GL, Goldstone Lake, JB, Jodrell Bank 


markedly from the observed ones, it is found m 
Table 2 that the unobserved counting rates differed 
by less than 1 per cent (that 1s, to with statistical 
uncertainty) from the adjacent, observed ones The 
precision of this agreement m all three of the cases 
under consideration gives one a strong feelmg of 
assurance that the counting rate of the 302 did not 
differ significantly at any time m the mterval 92,000 
to 658,000 km (March 3, 1110 uz, to March 6, 
15 00 v T ) from 1ts mean observed value of 1 090 4- 
0 003 counts per sec Several valuable conclusions 
follow from this analysis and are described m sub- 
sequent sections 


Paucity of Energetic Plasma in Interplanetary Space 
during March 3-6, 1959 


On the basis of Table 2 and the foregomg dis- 
cussion, ib appears that, to high accuracy, the 
apparatus did not encounter any solar plasma con- 
taming particles suíficently energetic to register 
efficiently on the 302 tube durmg some 76 hr of 
interplanetary flight 

Since the burden of evidence for the origin of the 
outer radiation zone of the Earth requires that plasma 
fly outwards from the Sun sporadieally, ıt must be 
concluded that there happened to be a notable 
absence of such plasma durmng this period This 
finding is especially strikmg in view of the strong 
geophysical activity during the preceding week An 
alternative view 1s that the acceleration of the com- 
ponents of the plasma to sufficiently high energies 
to be registered efficiently by our equipment occurs 
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only in the geomagnetic field The 302 tube in the 
present arrangement had an efficiency of about unity 
for protons of energy greater than 30 MeV , an 
efficiency of the order of unity for electrons of several 
MeV energy, and an efficiency of the order of 10-4 
to 10-* for electrons ın the hundreds to tens of keV 
energy-range (by way of ther bremsstrahlung) 
Hence, durmg the 76 hr ın question the tıme- 
integrated flux of the higher-energy electrons and 
protons could not have exceeded 100/em* m an 
isolated burst durmg any one of the 695 observed 
4-min intervals , could not have exceeded 1,000/em * 
m an isolated burst during any one of the three un- 
observed periods which had a duration of some 10 hr 
each , and could not have exceeded 2 x 105/em ? 1£ dis- 
tributed (with quite unbelievable uniformity) over the 
76-hr period ‘The corresponding figures for 60 keV 
electrons, for example, are 4 x 105 times as great 


Lack of Influence of the Moon 


Pronee: IV's closest approach to the centre of the 
Moon was 60,149 km at about 23 00 v T on March 4 
(Table 1) The telemetered signal was not bemg 
received at that time (see section on “Telemetry” 
and Table 1) But observations were obtamed as 
close as 61,700 km , and Table 2 and the accom- 
panying discussion make it exeeedmgly unhkely that 
any significant change of counting rate occuried at 
any place m the viemity of the Moon The quanti- 
tative discussion of the preceding section 1s applicable 
here also The geometrical shadow of the Moon on 
the apparatus was, of course, negligible Hence, this 
result suggests as an upper limit to the Moon’s 
magnetic moment a value comparable to that of the 
Earth This high an upper hmit is, of course, of 
little mterest in the hght of other, probably more de- 
finitive, knowledge which favours a much smaller value 

The Soviet cosmic rocket passed much closer to 
the Moon than did Proneer IV, but unhappily the 
radiation mtensity was unreadable at that range 

None the less, the determmation of the Moon’s 
magnetic moment by mvestigating its trapped cor- 
puscular radiation on near approaches remains a 
technique of potential value It will doubtless be 
wise to use a detector of the lowest feasible energy 
threshold and of the highest feasible sensitivity 


Re-determination of Interplanetary Cosmic-ray 
Intensity 


On the basis of Table 2 and of our best present 
values of absolute geometric factor and efficiency of 
the 302 Geiger tube, we find for the mterplanetary 
value of the omnidirectional cosmic-ray intensity 
Jo = 1 8 + 0 8/em? sec durmg the period March 
3-6, 1959 

It may be noted that this value 1s one-half of that 
measured! on December 6 and 7, 1958, with Proneer 
III On the basis of a recent re-study of Pioneer III 
data, Snyder™ presents evidence that Peoneer III 
did not reach a sufficiently great distance to be 
entirely free of the influence of the geomagnetic field 

The Proneer IV observations to very much greater 
distances (out to 103 Earth radu) are not subject to 
this uncertainty Hence, we have considerably 
greater confidence m the new value quoted above, 
though 16 should be understood that the counter will 
record protons of energy as low as 30 MeV and 
electrons of energy as low as 2 2 MeV In any event, 
the measurement provides a solid upper hmut to the 
total primary cosmic-ray mtensity m the general 


NATURE 


223 


astronomical vicmity of the Earth durmg early 
March 1959 

Using balloon-borne equipment of discrummatmg 
character, McDonald!’ finds primary unidirectional 
cosmic-ray intensities (corrected to zero atmospheric 
depth) at geomagnetic latitude 55° on July 2, 1958, 
as follows 

(a) Protons of energy greater than 280 MeV 

em ?sec steradian 
(b) a-Particles of energy greater than 158 MeV /nucleon 
0 0149 + 0 0012 

(c) Sum of (a) and (b) 
An interesting comparison results from multiplying 
McDonald’s sum of 0 11/em ? sec steradian by 4 x to 
obtam an estimate of the omnidirectional intensity of 
primary cosmic rays remote from the Earth The result 
18 Jo = 1 38/cm ? sec In so far as McDonald has 
been able to eliminate fast, downward-moving albedo, 
his umphed J, has the nature of a lower limb 

Vernov and Chudakov? report a value of 2 3 + 

0 l/en ? sec on January 2, 1959 


0 0950 + 0 0070/ 


0 1099 


Effective Extent of the Geomagnetic Field 


Our origmal interpretation of the Pioneer III 
observations! meluded the conclusion that the geo- 
magnetic field loses 16s ability to trap charged particles 
at about 10 Earth radu Snyder’s discussion makes 
it appear that this was too small a value The 
Pioneer IV observations (Fig 4) indicate that geo- 
magnetic trapping 1s significantly present out to as 
far as 14 Earth radu, at least on a specific occasion 
The loss of geomagnetic trapping efficiency 1s, of 
course, a loosely defined concept and there are 
doubtless marked fluctuations in the radiation 
regions at the outer fringes of the Earth’s field. 


Terrestrial Ring Current of Dolginov and Pushkov 


Measurement of the scalar magnetic field mtensity 
with the magnetometer m the Soviet cosmic rocket 
on January 2, 1959, provided results of very great 
interest!$ m the present connexion The observed 
scalar field mtensity fell gradually and progressively 
farther below the curve representing the extra- 
polation of the surface field (usmg an eight-coefficient 
harmonic expansion and assummg a curl-free field 
outside the solid Earth) im the radial distance 
range 14,000-21,000 km At 21,000 km, the experi- 
mental curve was some 700 gammas below the 
‘theoretical curve’ (about 1,200 gammas) At greater 
radial distances the experimental curve rose toward 
the theoretical one and approximated to ıt beyond 
26,000 km ‘These results imply a westward-flowmg 
ring current havmg the maximum value of the 
apparent current density at about 21,000 km radial 
distance from the centre of the Earth By com- 
parison with Fig 4 of the present article, 16 1s seen 
that the most mtense portion of the ring current lies 
mm the mner side of our outer peak of radiation 
intensity and indeed ın just the region m which the 
gradient of the volume density of charged-particle 
kinetic energy has its greatest value The under- 
standing of the detailed relationship between the 
Dolgmov-Pushkov rmg current and the trapped 
radiation now becomes one of the most challenging 
and timely problems of geophysics?’ 

It may be speculated that the modification of the 
geomagnetic field by the rmg current at about 3 Earth 
rada influences the structure of the radiation zones 
and perhaps contributes to the existence of the ‘slot’ 
between the two zones 
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RADIOCARBON DATING OF THE PILTDOWN 
SKULL AND JAW 


By Pror H. pe VRIES 


Natuurkundig Laboratorium, Rijks-Universiteit, 
Groningen 


Introduction 
(K P Oakley) 


N 1950 ıt was shown! by the fluorme method of 

relative dating that the Piltdown mandible and 
cranial bones were considerably younger geologically 
than the Lower and Middle Pleistocene fossils said 
to have been found at the same site Assuming that 
they were genuine finds, the hommoid remains were 
not older than Upper Pleistocene, but ıt was noted 
that drill-holes mto the teeth revealed that they were 
“apparently no more altered than the dentine of 
recent teeth from the sol’? In 1953, Dr J S 
Wemer, reviewing this evidence in the hght of 
anatomical considerations, suggested that the 
mandible was that of a recent ape which had been 
broken and stamed to resemble a fossil, and the 
teeth artificially abraded to suggest wear through 
the human type of mastication Accordmg to his 
hypothesis, the fraudulent jaw-bone had been placed 
in the Piltdown gravel pit so as to appear associated 
with fragments of a thick human cranium of presumed 
antiquity 

Determination of the organic content and xo-determ- 
mation of the fluorme content of these specimens, 
together with evidence obtamed from a detailed 
anatomical analysis of the teeth, confirmed this 
hypothesis? (Table 1) The mandible had the com- 
position of modern bone, whereas the cranial frag- 
ments were very slightly ‘fossilized’ 

In 1953-55, the possibility of datmg the Piltdown 
bones absolutely by the radiocarbon method was not 











Table 1 
Fluorine Fluorine Nitrogen| Carbon 
(per cent) | (percent) |(per cent)| (per cent) 
(1950) (1953) 
Piltdown mandible 02 + 0 2 <0 03 39 4 
Piltdown cranium |02 +01/010 +001 14 5 
Fresh bone 003 +001 40 4 














Dr. K. P OAKLEY, FB A 


British Museum (Natural History) 
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seriously considered because ıt would have involved 
total destruction of the specimens to provide the 
minimum quantity of carbon (2 gm ) then demanded 
by radiocarbon laboratories for a single determina- 
tion Durmg the past four years, improvement of 
technique has made it possible to attempt radio- 
carbon dating on the basis of much smaller quantities 
With the agreement of Dr E I White, keeper of 
paleontology, powder samples of the Piltdown 
mandible and nght parietal bone were submitted to 
Prof H de Vries after repeated washmg m acetone 
and then m warm water (at 70? C ) which was carried 
out under rigorous conditions in the Department of 
the Government Chemist The nitrogen content of 
powder samples of these bones proved to be the same 
before and after submission to this extraction treat- 
ment, proving ther freedom from nitrogenous 
contaminants (for example, glue, gelatine, celluloid) 
Their nitrogen content represents the bone protein 
(collagen), which 1s not removable by acetone or 
warm water This is the material which provided 
the carbon the radioactivity of which has now been 
measured 


The Radiocarbon Results 
(H de Vries) 


The sample of Piltdown mandible was burnt 
without any further pretreatment The sample of 
the Piltdown skull (right parietal) was given a treat- 
ment which will be described m more detail elsewhere 
It was dissolved m hydrochloric acid the fraction 
which was not precipitated by alkah was dated 
Both samples gave a very small amount of carbon 
dioxide, corresponding to about 0 l gm of carbon 
Therefore, the precision is not what ıt could have 
been, but certamly good enough for the present 
purpose Though controversial dates on bone have 
been pubhshed, our recent experience indicates that 
the conclusions drawn from the present results are 
trustworthy (Table 2) 
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Table 2 
| Piltdown mandible (GRO 2204) | 
Piltdown skull (GRO 2203) 





500 — 100 years* 
020 + 100 years* 





Expressed in terms of statistical probability, there is 1 chance in 
3 that the ages of these specimens lie outside the stated limits, but 
only 1 chance in 20 that they lie outside the ranges 500 + 200 and 
20 + 200 years, respectively. 
* Allowance has been made for the Suess effect (that is, the age 
was calibrated against nineteenth-century wood). 


Comments on the Results 
(K. P. Oakley) 


The results are satisfactory. In the first place 
they eonfirm that the Piltdown jaw is geologically 
quite recent. (Even since the exposure of the hoax 
in 1953 and 1955, statements have appeared in print 
maintaining that it is a Pleistocene fossil, considerably 
more ancient than the cranial bones.) The indication 
that this mandible is a few centuries old raises the 
question of its origin. When Sir Wilfrid Le Gros 
Clark established that it was the jaw-bone of a 
modern orang-utan (and therefore came from Borneo 
or Sumatra), it was assumed to be a zoological 
collector’s piece. Is it not very unlikely that an 
orang-utan jaw-bone falling into the hands of a 
collector would prove to be several centuries old ? 
In fact, this is not so improbable as might be sup- 
posed. One possibility is that the specimen was 
obtained from a dealer in ethnographical material. 
Prof. G. H. R. von Koenigswald has pointed out 
that the Dyaks of Borneo have been known to keep 
orang-utan skulls as fetishes or trophies in their 
long-houses for many generations. Mr. Tom Harris- 
son, curator of the Sarawak Museum, recently sent 
to the British Museum (Natural History) a photo- 
graph of an orang-utan skull, with mandible, which is 
said to have been preserved for twenty generations— 
about 400 years (Fig. 1). However, the chances of 
an ethnographical dealer obtaining such a highly 
treasured object directly from living Dyaks are 
regarded by Mr. Harrisson as negligible. On the 
other hand, he has pointed out that a number of 
sub-recent bones of orang-utan, obtained in Sarawak 
in various circumstances, were brought back to 
Britain in 1875 by A. H. Everett 
and briefly described’. Some were 
obtained from caves the contents of 
which were washed by Chinese gold 
workers. At least one of the 
specimens (No. 55) appears to have 
been a trophy skull. Part of 
Everett's collection (including the 
last specimen) was presented to the 
British Museum (Natural History). 
All the orang-utan skulls and jaws 
listed as received by the Museum in 
1879 can be accounted for; but 
Mr. Harrisson believes that Everett 
brought much more material to 
Britain, and what became of it is 
unknown. Did it pass into the 
hands of dealers ? 

Comparison between one of the 
‘sub-recent’ orang-utan jaw-bones 
in the Everett Collection (No. 100 
in  Everett's list, recorded as 
“doubtfully from a cave” in Sara- 
wak; registered as ZD.84.10.30.2) 
and the Piltdown jaw-bone has 
brought out a number of points of 
resemblance. Not only is the nitro- 
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gen content of the ‘antique’ Bornean specimen 
likewise undiminished (4-6 per cent, determined by 
Mr. G. Ross in the Central Laboratory, Department of 
Zoology, British Museum (Natural History); he has 
reported 4-0-5-3 per cent nitrogen in other recent 
Hominoid bones) but also the surface of the bone is in 
the same finely cracked condition, which was difficult 
to account for if the Piltdown specimen came from a 
modern zoological collection. Attempts to reproduce 
the appearance of the Piltdown jaw by artificial treat- 
ment of modern bones failed in just this respect. 
The condition of the collagen fibres, revealed by the 
electron-microscope, indicated that it had not been 
boiled. 

The radiocarbon dating of the cranial bones has 
confirmed that they also are Post-Pleistocene in age 
as indicated in the report of 1955 (p. 257). In 1953, 
it was thought that they might have been genuine 
finds which had served as the nucleus of the hoax A 
but as soon as it was proved (as reported by Dr. G. F. 
Claringbull and Dr. M. H. Hey in 1955) that all the 
cranial fragments had been artificially stained to 
match the gravel, it became clear that they were 
fraudulent introductions at the site, so the possibility 
of their being of Pleistocene age could be entirely 
discounted. The phosphatic matter of these cranial 
bones has been partially altered to gypsum. This 
is only explicable if they had been artificially stained 
by an acid iron sulphate solution. Experiments 
showed that this alteration only occurs if the bone 
has the porosity due to partial loss of organic matrix. 
Thus the Piltdown cranial bones are evidently of 
moderate antiquity. Presumably they were frag- 
ments of a skull selected on account of its unusual 
thickness from among a series obtained in the excava- 
tion of some ancient burial ground. The fluorine 
content of the unaltered portion of their bone sub- 
stance also indicates that they are of some slight 
antiquity ; but unless one knows the source of a bone, 
precise relative dating by fluorine content is impos- 
sible. However, in many British and foreign 
cemeteries bones less than a thousand years old can 
be found with the same fluorine content (0-1 per 
cent). 


(Photo : Tom Harrisson, Sarawak Museum) 


Fig. 1. Orang-utan skull with mandible kept as a fetish in a Dyak long-house seventy miles 
from Kuching and said to be twenty generations (about 400 years) old 
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- Although. the difference in ihe. radiocarbon ages 
of the cranial bones and mandible is less than might 
have been expected in view of their contrasting states 


of preservation, it should be borne in mind that 


whereas a bone that has been buried in the ground 
for a few centuries may have become porous and 
^"sub-fossil' (with some absorbed fluorine), a bone of 
equal antiquity that has been preserved in air, for 
example on the floor of a dry cave, in a building or 
in a reliquary, may have retained the composition 
¿of "recent! bone. 
ios 8ummary. Radiocarbon dating has confirmed that 
- the Piltdown skull (human) is Post-Pleistocene, 
probably less than 800 years old; and that the 


: |; Piltdown mandible (orang-utan) is younger rather 
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than older; although possibly several centuries old. 
It is shown that these findings are not inconsistent 
with the skull being in ‘sub-fossil’ condition whereas 
the mandible (of very different origin) has the 
preservation of ‘recent’ bone. 


1 Qakley, K. P., and Hosking, C. R., Nature, 165, 379 (1950). 

? Oakley, K. P., and Hoskins. C. R., Nature, 165, 331 (1950). 

3 Weiner, J. S., Oakley, K., P.. and Le Gros Clark, W. E., 
Mua. (Nat. IHist.), Geol., 9, No. 3, 189 (1953), reporting nitrogen 
determinations by Mrs. A. Foster in the Brit, Mus. (Nat. Hist 
Dept. of Minerals and fluorine determinations by Mr. C. F, M. Fry 
in the Dept. of the Government Chemist, n reas in Bull, 
Brit. Mus. (Nat. Hist.), Geol., 2, No. 6, 225 (195 4 

‘See, for example, Martin, R., "Über sent: und verwandte |^ 
Vorstellungen", Mit. Geogr. Ethnogr. Gesell.. Zürich 1920, Taf. sis 
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t Everett, A. H., Second Quarterly Report on the Bornean Cave 

Exploration, "Rep. Brit. Assoc., Sheffield, 144 (1879). T 





DISORGANIZATION OF THE SECONDARY STRUCTURE IN 
PROTEINS EXPOSED TO IONIZING RADIATIONS 
IN THE SOLID STATE 


By Dr. PETER ALEXANDER, L. D. G. HAMILTON and Dr. K. A. STACEY 


Chester Beatty Research Institute, Institute of Cancer Research, London, S.W.3 


 ITTLE is known of the chemical and physical 
2 changes which occur when proteins are exposed 
coto ionizing radiations under conditions where the 


effect is due to ionization within the protein molecules, 


. thab is, by ‘direct’ action. Detailed physical chemical 
“studies have only been made on protein irradiated in 


- solution when the reaction is indirect and due to free 


radicals. Most investigations of the direct effect have 
been confined to following the effect on their biological 
properties. It has been known for nearly fifteen years 
ds (cf. Lea!) that the inaetivation of dry enzymes by 


2 donizing radiations is exponential with dose, which 
| Suggests that one event leads to loss of activity. The 


- amount of energy which has to be supplied before 
this single reaction occurs is normally between 


| 5.50 and 200 eV. per molecule, depending on the 


Us enzyme. 
"Uevery primary ionization must be effective in destroy- 


Quantitatively this suggests that nearly 


ng the biological activity. A primary ionization in an 
organic substance brings with it far-reaching chemical 
‘changes which usually affect several groups, but 
"dt seems highly improbable that the inactivation of 
"All enzymes can be attributed to the chemical 
modification of a few amino-acid residues. 
Biochemical studies? have shown that for many 
; enzymes only a small part of the protein molecule is 
"necessary, and that a large proportion of the amino- 


acid residues can be modified without loss of activity. 
|. Energy transfer processes which were recognized in 


-organie macromolecules? cause preferential attack of 
some groups; but the effect is not sufficiently 
¿selective to provide a mechanism for the inactivation 
of all enzymes by a single random event. 

In & detailed study of the changes produced by 
irradiating solid erystalline bovine serum albumin 
(Armour Laboratories) containing 4-6 per cent of 
water with 2 MeV. electrons, in the absence of oxygen 
we have found that the first effect of irradiation is to 
disorganize a large part of the molecule. This 
alteration in structure is not dependent on covalent 
chemical changes which follow ionization, but is the 


result of a breakdown of many secondary valency. 
bonds brought about by a single event which occurs | 
on average for every 45 eV. deposited and can there- 
The. 
occurrence of a process of this type was predicted by 
Platzman and Franck and provides a mechanism for = 


fore be associated with a primary ionization. 


the inactivation of heat-labile enzymes of all types 
by ionizing radiations. 


Opening up the Molecule 


On irradiation the sedimentation behaviour of tho 


bovine serum albumin in the ultracentrifuge changes‘, 
and the decrease in normally sedimenting material 
follows an exponential relationship (Fig. 1), with a 
Do (dose required to change 63 per cent of all mole- 
cules) of 6-5 x 10* rads. 


plied to affect on average one molecule. Change in 


sedimentation implies an alteration in molecular. .. 
weight or in frictional resistance determined by the. ^. 


internal strueture of the molecule. Light-scattering 
measurements show that with a dose sufficient to. | 
alter the sedimentation of 75 per cent of the mole- 

cules, the average molecular weight of bovine serum ||. 
albumin rises only from 69,000 to 90,000. The ultra- 


centrifuge measurements therefore indicate that a 


single event which occurs on average for every 45 eV... 
of energy supplied changes the shape of the molecule. |... 

The assumption that the material sedimenting _ 
normally is native protein that has not been affected 
at al by radiation is confirmed by chromato- 
graphy. 

Evidence that radiation ‘opens up’ the molecule is 
provided by changes in the chemical reactivity of the 
constituent amino-acid residues. Bovine serum 
albumin contains seventeen disulphide groups per 
molecule, but at the isoelectric point none of these 
can be reduced to —SH groups*, or oxidized with 
peracetic acid to sulphonic acid groups* under stan- 
dard conditions. These groups are sterically in- 
accessible, but at pH. values away from the isoelectrie 


Bull. Brit... 






This corresponds to an. 2 
energy of 45 eV. per molecule, which has to be sup- 
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Fig 1 Effect of irradiation of 2 MeV electrons on some physical 
properties of bovine serum albumin 
a, Fraction of bovine serum albumin showing changed sediment- 
ation behaviour in the ultracentrifuge, 6, fraction of bovine 


serum albumin insoluble in water, c, fraction of bovine serum 
albumin insoluble in 44/15 phosphate buffer (pH 7) 


pomt, or followmg denaturation, some become aval- 
able for reaction Exposure to 4 M guanidine 
hydrochloride at the isoelectric pomt makes available 
70 per cent of the total present, and this 1s further 
increased at alkalme pH values On the other hand, 
a maximum of only 50 per cent are revealed by heat 
denaturation’ 

Trradiation of the sold protem progressively m- 
creases the number of disulphide bonds available up 
to a maximum of 50 per cent (Fig 2) (st the highest 
doses some of these are destroyed, but withm the 
dose-range studied this 1s negligible) From the 
wradiated bovine serum albumm a fraction can be 
separated which is no longer soluble m water, and 
dissolves only m salt solution In the water-soluble 
fraction an increasmg proportion of the disulphide 
bonds (up to 30 per cent) 1s revealed, and by 
applymg & correction, on the basis of the ultra- 
centmfuge measurements, for the presence of un- 
changed native material, the number of available 
groups in the molecules affected by radiation can be 
calculated (Fig 2) This first radiation change can 
be desertbed as an opening up of the molecule which 
changes the frictional properties but not the mole- 
cular weight, and reveals five disulphide bonds 
normally hidden Smee this change 1s associated 
with a single reaction which occurs when an average 
of 45 eV have been left m the molecule, it can 
probably be ascribed to the production of one 
primary iomzation 


Changes following a Multi-Hit Dose Relationship 


Another radiation effect ıs to render the protem 
insoluble m water, while remaming soluble at high 
and low pH values and in salt solutions To avoid 
‘trapping’, the msoluble fraction 18 determmed by 
measurmg the protem which comes out of solution 
on dialysing out the M/15 phosphate buffer (pH. 7) in 
which the irradiated protem 1s completely soluble 
Fig 1 shows that m the production of msolubility 
there ıs a pronounced threshold with dose, and tt fits 
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accurately a ‘two-hit’? curve This protem has a 
greatly increased hght-scattermg molecular weight 
with average values ranging up to 350,000, but is 
lughly poly-disperse. These aggregates are not 
broken up, that is, the average molecular weight 1s 
unchanged, by solvents breaking hydrogen bonds or 
disulphide bonds, and the cross-links jomung the 
molecules in the aggregates do not therefore mvolve 
either of these bonds An mterpretation consistent 
with all the facts ıs that & second ionization still 
further disorientates the secondary structure of the 
molecule and thereby changes 15s solubility behaviour, 
enabling cross-hmks to be formed between molecules 
In this extensively modified protem following the 
second ionization approximately half the disulphide 
bonds are available 

Further irradiation does not reveal any more 
disulphide bonds, but ıb does render the protem 
insoluble even in salt solution (curve O, Fig 1). This 
heavily wradiated material dissolves only in 4 M 
guanidme hydrochloride Probably extensive chemu- 
cal alterations now involving about 5 per cent of all 
the amimo-aeid residues made extensive intermolecular 
hydrogen bondmg possible 


ChemicalfChanges 


Chemical analysis of the irradiated protein for nine 
amino-acids shows that the disappearance of ammo- 
acids (the nature of the products was not established) 
was hnear with dose, but that the sensitivity of the 
constituent amino-aexds varies Cystme and dicarb- 
oxylic acids were the most sensitive, the aromatic 
and the basic ammo-acids came next in sensitivity 
and proline was the least affected by radiation of 
those studied However, the total range was leas 
than a factor of three, for example, 10* rads affected 
18 per cent of the cystme, 12 5 per cent of the 
histidine and 8 per cent of the prolme Thus, after a 
dose sufficient (that 1s, 45 eV /molecule) to ‘open up’ 
the protem, only one molecule m five will have a 
single cystime residue changed, one m six one histidine 
residue, and only one iu two will have lost a carboxyl 
group 

The possibility that mam-chain polypeptide bonds 
are broken was tested by looking for low molecular 
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Fig 2 Effect of radiation on the number of disulphide bonds 1n 
povme serum albumin which can be reduced at the isoelectric point 
with 8-mereapto-ethylamine 
—A—, For water-soluble fractions (that ts, including the molecules 
that have not been affected by radiation), —O—, for water- 
soluble fraction after correction for unchanged protein on the 
pasis of the ultracentrifuge data, —®—, for fraction insoluble 
in water, but soluble in salt solution 
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weight fragments which could be recovered by 
dialysis of solution of heavily irradiated protem m 
4 M guanidine hydrochloride To guard against the 
possibility that broken fragments do not become 
detached because they are hnked to the mam mole- 
cule by disulphide bridges, the irradiated protem 
dissolved in guanidme hydrochloride was oxidized 
with peracetic acid, which breaks all disulphide bonds 
under these conditions As no dialysable fragment 
could be found even after a dose of 2 5 x 10° rads 
16 can be concluded that mam-cham breaks play no 
part m the disorganization of the secondary structure 

Other chemical changes due to irradiation are the 
formation of carbonyl groups’ and of additional SH 
groups, as well as of a new amimo-acid which has 
the same chromatographic behaviour as %-amino-n- 
butyric acid 

The presence of oxygen during the irradiations did 
not alter tho first stage of ‘openmg up’ or the 
destruction of amino-acids However, the protem ıs 
rendered msoluble in water at lower doses and the 
greater radiation sensitivity of dry enzymes m 
oxygen? may be due to the increased tendency for 
aggregation, or the production of main-chain breaks, 
which 1s facilitated by oxygen 


Mechanism of Enzyme Inactivation 


Although bovine serum albumm has been studied 
by us m greatest detail, irradiation of solid trypsin, 
lysosyme and y-globulin produces & very similar 
sequence of events, and we beheve that the pattern 
outlined above applies generally to globular protems 
We mterpreb the changes which occur m a protem 
molecule by an ionization produced withm it by an 
atomic particle as a two-stage process First, the 
introduction of a positive charge disrupts the 
secondary structure over a large part of the molecule 
and introduces a new configuration Secondly, the 
group m the molecule that has become 1onized under- 
goes a chemical change The latter are not randomly 
distributed and energy transfer processes increase the 
probability of damage in certain amuno-aeid residues 
But these effects are not very selective and there 1s 
no indication that one particular type of side-chain 
will be altered in every protem molecule that had 
suffered an ionization This precludes the possibility 
that loss of activity can be due to these chemical 
effects, and ıt seems much more plausible to relate 
maetrvation to the mrtial disturbance of secondary 
structure as this 1s an 1mmediate consequence of the 
ionization An explanation 1s provided why ionizing 
radiations are much more effective (on a dose basis) 
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m inactivating enzyme? than ultra-violet hght or the 
indirect action of 10mizmg radiation (that is, H and 
OH radicals) Both these processes attack the 
protem chemically and alter side-chams, but they 
cannot disorganize the secondary structure directly 

We suggested tentatively’? that the sudden intro- 
duction of a positive charge breaks down induced 
dipoles and that the resulimg temporary opening of 
hydrogen bonds allows the protem molecule to adopt 
a configuration having a lower free energy The 
difficulty 1s to provide a mechanism by which the 
electric disturbance spreads over a significant part of 
the protem molecule Platzman and Franck"! were 
led from purely theoretical considerations to postulate 
that an ionization within a protein molecule changes 
the internal hydrogen bondmg They have discussed 
the probable range of the electrical disturbance in 
considerable detail and conclude that some fifteen to 
twenty hydrogen bonds can be severed m this way 
Not enough 1s known of protem structure to predict 
whether the breakage of this number of hydrogen 
bonds is sufficient to produce the observed dis- 
organization 

We wish to thank Mr W H T Davidson, of the 
Research Laboratories of Tube Investments, Ltd, 
for carrying out the irradiations, and Dr D Rosen 
for the ultracentrifugation 
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ORIENTATION OF ANIMALS TO POLARIZED LIGHT 
By Dr. H. KALMUS 


Galton Laboratory, University College, London 


wees done or published durmg the past year 
concerning the orientation of animals—mainly 
arthropods—to the plane of polarization of light 
indicates the emergence of two different and, up to a 
point, contradictory approaches to these visual reac- 
tions What may be called the orthodox view 
gradually developed since von Frisch’s origmal dis- 


covery ın 1948 of the ability of bees to orientate 
themselves with respect to the plane of polarization, 
has been ably summarized in a review article by 
Stockhammer! He considers the various types of 
arthropod eyes to be analysers and, m particular, 
thinks that the analysing faculty 1s not situated m the 
dioptric parts but depends upon special arrangements 
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of visual pigments m the receptor cells which, hke 
a polarizing screen, would combme the properties 
of analysis and absorption 

Quite different conclusions have been drawn by 
Baylor and Smith (Apis)*, Bambridge and Waterman 
(Mysedeum)*, Burdon-Jones and Charles (Littorina)t, 
as well as by Kalmus (Aedes, Drosophila, Thaumato- 
Wa), who considered that the onentational 
behaviour of these various animals in the presence of 
polarized hght might be explamed either by purely 
external mechanisms, for example, by brightness 
patterns resulting from unequal scattering or reflexion 
from environmental objects, or by similarly unequal 
refraction from some faces of the dioptric apparatus, 
such as the surface of the eye Neither of these mter- 
pretations requires analysing arrangements m the 
receptors 

The hypothesis that the rhabdomers of msect 
ommatidia are absorbmg analysers 1s supported by 
the electro-physiological results and electron muicro- 
scopical work quoted by Stockhammer! , 1t has been 
further strengthened by the beautiful electron micro- 
graphs of msect eyes by Fernandez-Moran‘, confirm- 
ing that each rhabdomer 1s built up of numerous rod- 
Shaped or tubular units which are oriented m regular 
array with their long axes more or less at right angles 
to the long rhabdomer axis In an opposite pair of 
rhabdomers m any ommatidium the rods or tubules 
show a similar orientation, but m adjoming rhab- 
domers their orientation differs The orientation of 
the rods m the rhabdoms of neighbourmg ommatidia 
may follow a regional pattern At the level of the 
basement membranes 7-9 smgle sheathed nerve 
fibres exist in every ommatidium, mdicating that 
separate signals might origmate and be transmitted 
from each rhabdomer Some of Móran's figures show 
indeed a striking similarity to the ‘star’ model of an 
ommatidium, which von Frisch proposed many 
years ago for its analysmg properties, and provided 
it can be shown that the dichroitic visual pigment 18 
incorporated into the rhabdomer pattern m a regular 
and orientated manner, a physical basis would seem 
to exist for the assumption that the rhabdomers of 
insect eyes are indeed analysers Thus equipped, the 
eyes of a bee should be able to distinguish between 
various areas m the blue sky which, durmg the day- 
time, are fairly characteristic ın them degree of 
polarization and direction of the plane of polariza- 
tion, and which, according to von Frisch’s experi- 
ments, they learn to recognize, and navigating 
bees might use this mformation, rather as they use 
the position of the Sun when ıt 1s directly visible to 
them 

A transversal arrangement of rod-shaped structures 
seems to be of wide occurrence m the rhabdomers of 
arthropods, and a simular organization, found m the 
visual elements of the squid Lohgo", may occur m 
the molluscs But m the rods and cones of verte- 
brates, the orientation of the structures to which the 
visual pigments are presumably attached ıs quite 
different and unsuitable for the detection of the plane 
of polarization of ight umpmging m the physiological 
direction. 

Reactions to polarized light strikmg the rounded 
surface of some types of bulgy eyes at a skew angle 
can be expected to produce specific orientational 
effects ın the absence of retmal analysers Castle 
(quoted by Stockhammer') has shown that a prumi- 
tive type of such orientation occurs even m the 
absence of eyes, for example ın fungi: the cylindrical 
sporangiophores of Phycomyces growing upwards 
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in a culture respond unequally to light of equal 
intensity but different planes of polarization If 
hght from two such sources strikes a sporangiophore 
from opposite directions it will bend, showmg that the 
horizontally polarized light has a stronger effect than 
the vertically polarized hght provided that the 
former 1s not the weaker m mtensity by more than 
10-15 per cent In compound eyes, perception of 
polarization m oblique rays of hght ıs only possible 
1f the optical isolation of the mdividual ommatadia 
1s not absolute, and if some hght muitially deviating 
from the ommatidial axis can produce visual effects 
Such a situation is admitted by Stockhammer 
(quoting Waterman) to exist m Limulus, but denied 
by him for Drosophila, Cladocera and Mysideum 
It may nevertheless occur in some commoner situa- 
tions, for example, when msects fly under large 
areas of strongly polarized light from the sky bordermg 
directly on dark areas in their visual field 

Selective reflexion of polarized hght by structures 
in the environment of an anımal provides another 
means of orientation, by producmg brightness 
patterns Such patterns bemg objective can be made 
visible to the human eye In Baylor and Smuth's? 
expermments, bees were released into a flat chamber 
covered with clear glass and illuminated only by plane 
polarized light from above Those bees which crossed 
the box tended to run preferentially at mght angles 
to the plane of polarization when the bottom of the 
chamber was covered with some dark and reflecting 
material, whereas over a white paper they did not 
show any directional preference Under unpolarized 
hght, preferential directions of runnmg were observed 
over a directionally biased dark reflecting surface 
Bees running under a source of polarized hght over 
the dark bottom of the chamber showed orientation 
even when the light eould not strike their eyes directly, 
regardless of whether they were running on the dark 
surface or upside down on the glass A periscope-like 
arrangement showed that the mtensity of the hght 
reflected at sighting angles of 10-30? from the dark 
surface under polarized light varied greatly m differ- 
ent directions , and it 1s 1n fact easy to demonstrate 
that reflexion of polarized hght from such a surface 
at low angles 1s strongly directional 

Making use of optomotor responses, I showed* 
that various dipterous (Aedes, Drosophila, Thaumato- 
mya) and other msects followed the rotation of a 
‘Polaroid’ sheet under vertical illummation only 
when they were moving on or over dark reflecting 
material, but did not react agamst a bright back- 
ground The existence of an objective brightness 
pattern m the light reflected at low sightimg angles 
was agam demonstrated, and movement of this 
pattern can explaim the optomotor responses 

Baimnbridge and Waterman? showed that orienta- 
tional responses to polarized hght of the marme 
crustacean Myswuwvum grace, previously reported by 
them, occur only when tbe water contamung the 
animals ıs made turbid by the addition of yeast 
No significant results were obtamed in carefully 
purified sea-water The orientational responses of 
Mysidvum under a vertical source of polarized hght 
thus seem dependent upon the discrrmmation by 
these crustaceans of differences of mtensity m hght 
scattered horizontally 

Burdon-Jones and Charles‘ have shown that 
photonegative winkles of the species Lettorma hito: - 
alist move along the plane of polarization of hght 
from an overhead source when 1t strikes them directly 
from above, even when the animals are allowed to 
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crawl on a small ball ın such a way that no hght is 
reflected from the substrate The snails, however, 
orientate themselves equally well when their eyes 
are shielded from direct light and the only hght 
they can see 1s reflected from the substrate Photo- 
positive individuals orient themselves ab right angles 
to the plane of polarization Burdon-Jones and 
Charles beleve that in either situation the snails 
orient themselves with respect to a pattern of hght 
and shade, perhaps arismg from the Fresnel laws of 
refraction of plane polarized light, and that the 
anmals do not possess any special powers of analysis 
whereby they could discern the polarized hght m 
another way 

Our knowledge of orientational behaviour ın polar- 
ized hght is as yet too scanty and msufficiently 
integrated to permit of a general resolution of the 
apparent contradictions, and m fact it 1s not at all 
certam that sumular mechanisms operate m all situa- 
tions where polarized light has been shown to produce 
orientational effects Some suggestions mught, 
however, be useful One might distinguish. between 
phototactic responses of animals which are correlated 
with the plane of polarization of hght and the more 
complex perception and consequent utilization of 
polarization patterns m the blue sky as inferred for 
the bee by von Frisch Indirect directional effects 
of overhead sources of polarized light striking certain 
structures m the natural or experimental environment 
or m the dioptric apparatus and resulting in objective 
brightness patterns might frequently provide a 
sufficient explanation for the orientational behaviour 
of animals whether they m fact possess retinal recep- 
tors with analysmg properties or not On the other 
hand, 16 1s rather difficult to see how orientation with 
respect to small areas of blue sky could occur without 
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such receptors. However, m many situations bright- 
ness gradients and polarization patterns in various 
parts of the blue sky are associated, and bees might 
m fact orient themselves to the former Furthermore, 
reflexion patterns caused by sunhght will often 
have their maximum brightness m the same azimuth 
as the Sun itself and the same apphes to polarized 
light from a small area of sky reflected in a substrate. 
Thus the position of the Sun might be percerved by a 
bee directly or, when the Sun 1s invisible, 1ts azimuth 
might be inferred from a brightness maximum in an 
area of the sky or a reflecting background ‘The 
reactions of Inttorma m the different conditions 
described above conform with such an explanation 
and might perhaps be taken to support this specula- 
tion 

Another aspect of the orientation to polarized 
hght might be mentioned finally, namely, its role m 
the hfe of the animals It 1s probably safe to assume 
that many of the observed reactions are merely 
experimental artefacts However, it 1s possible that, 
in other instances, orientation to sources of polarized 
hght—however ıt works—may be of great ecological 
importance Progress in this field will depend on the 
careful weighmg of evidence from such diverse 
techniques as electron microscopy, electrophysiology, 
photometry and not least from observations of the 
animals concerned 
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OBITUARIES 


Sir lan. Clunies-Ross, CM G. 


Sm Ian Cnumrzgs-Ross, chairman of the Common- 
wealth Scientific and Industrial Research Orgamiza- 
tion (Australia), died on June 20 im Melbourne, 
Victoria, im his sixty-first year He was born at 
Bathurst, New South Wales, and educated at 
Newington College, Sydney He graduated as 
bachelor of vetermary science from the University of 
Sydney m 1921 and was awarded tho degree of 
doctor of veterinary science of that Umversity im 
1928 After graduation he was awarded a Walter 
and Ehza Hall Vetermary Research Fellowship and 
undertook postgraduate studies at the London School 
of Tropical Medicme and at the Molteno Institute, 
University of Cambridge In 1928 he went to Japan 
for parasitological studies at the Institute of Infectious 
Diseases at Tokyo Imperial University 

In 1925 Clunies-Ross was appomted lecturer m 
parasitology in the University of Sydney, and in tho 
followmg year Council for Scientific and Industrial 
Research parasitologist When the CSIR McMaster 
Animal Health Laboratory was established m 1931 
through the munificence of Sir Fredeiick McMaster, 
Clunies-Ross was appointed as the first officer-m- 
charge He held this position until 1937, when he was 
appomted Australian representative, and later char- 
man, of the International Wool Secretariat m London 


Early m his career Clunies-Ross specialized in 
veterinary parasitology—a much-neglected subject 
m Australa at that time He saw clearly its great 
economic significance, especially to the sheep and 
wool mdustry, and applied hunself to 1t so effectively 
that he quickly became one of the world’s leadmg 
scientists m that field Although most of his work 
dealt with helmmthiasis of sheep, his mterest ranged 
widely among parasitological problems of other 
domestic anumals and of man He brought to all his 
work a broad outlook and a depth of scientific under- 
standing which inspired his colleagues and mmo- 
diately won the confidence of the hvestock mdustries 
Between 1923 and 1937 he published some sixty 
articles as sole author and a further fifteen as senior 
author , m addition, he was co-author of a text-book 
on. the parasitic diseases of sheep 

Reahzing at the outset that the clarification and 
definition of the multiple and diffuse problems of 
ovine helmmthiasis were essential if effective means 
of therapy and prophylaxis were to be devised, he 
instigated widespread surveys of the meidence and 
distribution of the major worm parasites of sheep, 
and of the associated. climatic and other factors which 
determined their clmical significance Thus, for the 
first time a sound basis was laid for studies on 
epidemiology, host-parasite relationships and selective 
anthelmintic treatment He and his colleagues fol- 
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lowed up with great. vigour and enthusiasm the 
advantage this clearer understandmg of the problem 
gave them, and progress flowed from 15 rapidly 

Among his many outstandmg contributions, 
Clunies-Ross was the first to record the effect of 
copper sulphate on closure of the cesophageal groove 
m sheep This opened up a new approach to anthel- 
muntic treatment It was he who, by well-planned 
field trials, removed the fears of graziers that more 
intensive stocking of sheep on improved pastures 
would result m heavy losses from parasitism This 
led him to investigate the effects of mproved pastures 
on the quantity and quality of wool production It 
was widely held that the well-bemg of the Mermo 
and the quality of 1ts wool depended on extensive, 
highly selective grazing, and that mtensive grazmg 
on the narrow range of species imn sown pastures 
would result in coarse and inferior fleeces Clumies- 
Ross clearly demonstrated that not only can Mermo 
sheep tolerate mtensive grazmg but also that they 
respond to the higher nutritional levels of sown 
pastures by produemg much heavier fleeces with 
little change m fibre diameter 

Clunies-Ross was an mspirmg research leader He 
had the capacity to see problems clearly, to ask the 
crucial questions and to find ways of answering them 
effectively by laboratory or field experimentation 
His mterest m vetermary research, however, and his 
choice of problems was always greatly mfluenced by 
his genume love of anmmals This ıs well exemplified 
by the work m tick-paralysis of dogs, which was one 
of his most origmal and successful mvestigations He 
was then livmg m a part of Sydney where many 
hundreds of pet dogs died annually from the disease 
He was so moved by ther suffering and by the dis- 
tress of ther owners that, m addition to all his other 
work, he took ıt upon himself to study this problem 
also Withm three years he elucidated the epi- 
demiology of the disease, traced its cause to a toxic 
factor m the salivary gland of the engorgmg female 
tick (Ixodes holocyclus), and prepared an antitoxic 
serum of high curative value This was typical of 
hm, his mterest was not 1n gaming new knowledge 
for 1ts own sake but for the use which could be made 
of 1t Havmg once gamed ıt, he used to the full his 
great gifts as a writer and public speaker to explain its 
significance to all who could apply ıt with advantage 

Clunies-Ross’s active personal research had to be 
laid aside when he jomed the International Wool 
Secretariat Although he was appomted professor of 
veterinary science in the University of Sydney m 
1940, he had httle opportunity for scientific work, as 
he was called upon to serve durmg the war years as 
director of scientific personnel ın the Commonwealth 
Directorate of Manpower and with the Department 
of War Organization of Industry as an adviser on 
the pastoral industry The War interrupted his 
scientific career, but 1b gave him opportunities to use 
his unique knowledge of Austrahan agriculture and 
his outstandmg powers as a speaker and publicist to 
encourage and assist the remarkable growth of 
science and education in Australa durmg the years 
which followed In 1946 he jomed the Executive 
Commuttee of the Council for Scientific and Industrial 
Research, and m 1949, when the Council was 
reorganized as the Commonwealth Scientific and 
Industrial Research Organization, Clunies-Ross be- 
eame its first charman Hoe contmued to maintain 
his close interest m the wool mdustry and played a 
large part ın procurmg the funds which enabled 
CSIRO to buld up a major effort ın sheep and 
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wool research and wool textile research Throughout 
the pastoral mdustries is many friends had con- 
fidence m his judgment, and with their help and with 
the backmg of the Government he had the satis- 
faction of seemg, towards the end of his hfe, a large 
body of scientists workmg enthusiastically on many 
problems of great national mnportance The major 
contributions which CSIRO has made to the 
agricultural development of Australia have been 
largely due to his outstandmg and mspmmg leader- 
ship 

Clunies-Ross had many interests outside his 
scientific work The field of education was one in 
which he played a big part, and he was outspoken 
on the need for retammg breadth and liberalism in 
education He stressed repeatedly the dangers 
mherent in the imereasmg specialization of modern 
scientific and technological careers He played a 
large part in persuadmg the Government to set up 
the Murray Committee on Australian universities 
and made a major contribution to its outstandmg 
report He was deputy chancellor of the University 
of Melbourne and a member of the Counci of the 
Australian National University For many years he 
was active in the work of the Australian Institute of 
International Affairs and was well known as a public 
speaker on foreign affairs He was particularly 
interested ın the relations between Australia and its 
northern neighbours As chairman of the Inter- 
national House of the University of Melbourne, a 
hall of residence m which Austrahan and overseas 
students live together, he was instrumental m 
making the idea a reality 

Clunies-Ross was made CMG im 1954, and m 
zhe same year he was created a knight bachelor He 
was a foundation Fellow of the Australian Academy 
of Science He was awarded the honorary degrees 
of doctor of laws by the University of Melbourne, 
and doctor of science by the Universities of New 
England and Adelaide He ıs survived by Lady 
Clumies-Ross, three sons and one daughter 

At the memorial service held m Scots Church, 
Melbourne, shortly after lis death, Prof J D 
MeCaughey, Master of Ormond College, University 
of Melbourne, made a fittmg tribute to his memory 
He expressed in these sunple terms the feelmgs of 
his many friends and colleagues throughout Aus- 
trala and overseas “But m and through these 
achievements, ıt ıs Jan Clunies-Ross the man whom 
‘we remember with admiration, with respect and with 
affection to-day His capacity for work must have 
been enormous to die at sixty 1s young, yet into 
those years was packed an astomshmg variety and 
depth of mterests He lived a heavily commutted 
hfe , yet, I suppose, that many of us m this Church 
;hmk of him, with gratitude, as one who had time 
for friendship He accepted us with a smue It must 
have been given to few who have lived so fully, yet 
zo be loved by so many” 

FW G WHITE 
D A GUL 


Dr V Korenchevsky 


Dr V KoRENOHEVSKY, who died suddenly on 
July 9, was born m 1880 m Russia and graduated 
from the Imperial Military Medical Academy m St 
Petersburg m 1903 After military service in Man- 
churia durmg the Russo-Japanese War, he worked 
m Metchnikoff’s department at the Pasteur Institute 
m Paris and in Pavlov’s laboratory mn St Petersburg 
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In 1911 he was appomted professor of experimental 
pathology m the Imperial Military Medical Academy 
and remaimed there until the Revolution Has dıs- 
agreement with the policy of the newly formed 
Soviet Government made it necessary for him to 
leave St Petersburg and he escaped to south Russia, 
where he served as & doctor with the White Army 
for about a year After the defeat of the White 
Army he made his way to England and m due 
course became naturalized 

During 1929-45 he was a member of the staff of 
the Lister Institute Afterwards he established the 
Oxford Gerontological Research Unit, with the 
support of funds provided by Lord Nuffield, and 
remained there until his retirement in 1952 

The bulk of Korenchevsky’s work between the 
Wars was primarily endocrinological and was con- 
cerned with studies of the effect of sex and thyroid 
hormones, separately and m combmation, not only 
on the reproductive organs but also on the other 
organ systems of animals of different ages His work 
was characterized by a very close attention to detail, 
the use of first-class histological techniques and 
insistence on the need for healthy experimental 
material Korenchevsky regarded this work as a 
necessary prelmunary to provide a rational basis for 
use of hormones m mitigatmg some of the degenera- 
tions which occur with agemg 

Dr Korenchevsky will be especially remembered, 
however, for hus pioneer achievements in stimulating 
interest ın the field of gerontological studies His 
own concern with the problems of agemg went back 
to the early years of the century when he visited 
Russian infirmaries for old people, and durmg his 
stay with Metchmkoff m Paris he worked on the 
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effects of gastro-mtestinal automtoxication He 
always remamed convinced of the value of Metch- 
nikoff's theory, and he reaffirmed his belief m the 
importance of automtoxication as an agemg factor 
in several recent publications 

By the late 1930’s he felt that the change in the 
chmate of opmion, for which he had been waiting, 
had come and that vigorous efforts to emphasize the 
need for gerontological research might at last be 
effective He therefore set out with the intention of 
developmg an International Association of Geronto- 
logists which would be responsible for investigations 
in all branches of the subject His efforts were just 
beginning to bear fruit when the outbreak of the 
War m 1939 brought them to an end for the time 
bemg 

After the War, his retirement fiom full-time active 
laboratory work allowed him to extend his com- 
paigning even more vigorously He was an outspoken 
advocate of the importance of gerontology, and in 
his missionary ardour he sometimes appeared m- 
tolerant of the ideas of others But any uritation 
engendered by his mterventions were always more 
than outweighed by their stimulant effect, and ıt 
was clear to everyone that he was never seeking any 
personal advancement but only the benefit to his 
chosen subject which recognition might brmg The 
results of his hfetime of strenuous effort will be 
found not so much in his large series of careful 
scientific publications as m the numerous national 
societies for the study of problems of ageng through- 
out Europe and the Americas, in the International 
Association of Gerontology and m the enhanced 
status which the subject has now acquired 

P L Knosw 


NEWS and VIEWS 


Chief Scientist to the Ministry of Power 
Dr C M. Cawley, CB E. 


Dr C M Cawrzgvy, CBE, has been appoimted 
chief scientist to the Ministry of Power m succession 
to Sim Kelvin Spencer, who has retired from the 
public service Dr Cawley, who ıs fifty-two, has 
been at the headquarters of the Department of 
Scientific and Industrial Research for the past six 
years, where he has been responsible for admmus- 
termg general policy ın relation to the work of the 
Department’s research stations, and to grants made 
by the Department to the universities and other 
bodies, for the promotion of research and the traimmg 
of research workers He 1s a University of London 
graduate with first-class honours m chemistry and 
joined the Scientific Civil Service m 1929, serving on 
the staff of the Fuel Research Station until 1953 
He will take up his new appomtment at the Ministry 
of Power in the early autumn 


Ministry of Supply Appointments 
Dr N.J L Megson 
Dr N J L Mzasow has been promoted to be 
deputy chief scientific officer and appointed director 
of materials, research and development (air) at 
the Ministry of Supply Headquarters Dr Megson 
studied chemistry at the University of Birmingham 
under Prof G T Morgan He obtamed his B Se 
in 1923 and hus M Se ın 1925 He jomed the Chemical 
Research Laboratory, Department of Scientific and 


Industrial Research, ın 1927, as head of the Synthetic 
Resin Section and carried out fundamental and 
applied work on various aspects of polymers, particu- 
larly m the phenolic resin field 

On the outbreak of war he was appointed to the 
Ministry of Supply as advisor on plastics and later 
became assistant director ın charge of the Advisory 
Service on Plastics, Rubber and Parts, concerned 
with development and application of new and special 
materials for a variety of Service equipment In 
1949 he was awarded the degree of D Se by the 
University of Birmmgham for a thesis entitled 
“Polymer Investigations” He became head of the 
Chemistry Department, Royal Aurcraft Establish- 
ment, in 1951, responsible for research and develop- 
ment of non-metallic materials associated with a- 
craft and airborne equipment Dr Megson is the 
author of fifty or sixty publications, mcluding a 
book, “Phenolic Resm Chemistry", and he has 
recently been awarded the Gold Medal of the Plastics 
Institute He succeeds Dr H Sutton, whose direct 
contribution to and sponsorship of work on light 
metals for aircraft construction has brought him 
deservedly wide appreciation 


Dr B G Dickns, CBE 

Dr B G Dircks, who has been promoted to be 
chief scientific officer and appointed as director 
general of atomic weapons in the Mmistry of 
Supply, brings to that post wide knowledge of 
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operational problems and experience of weapon. 
development He obtamed a first-class honours 
degree in physics m the University of London and 
entered the Civil Service in 1932 He served at the 
Royal Amerafé Estabhshment until 1936 and was 
then transferred to Air Muustry Headquarters He 
was attached to the Royal Au Force Station at 
Biggin Hill as the scientific officer associated with the 
now well-known am defence experiments which 
were initiated by Sir Henry Tizard and his committee 
When he returned to the Air Ministry he was still 
closely concerned with air defence problems and ım 
addition became jomt Secretary of a committee 
under Sir George Thomson to advise the Government 
on the practicability of an atomic bomb He was 
for time responsible for arranging the officially 
sponsored work in various universities In 1941, he 
was put m charge of the newly formed Operational 
Research Section, Bomber Command, which analysed 
the Command’s operations from all aspects and made 
contributions to the knowledge available to the 
Command staff, which led to creased efficiency and 
improved operational methods After the War, at 
Air Ministry Headquarters, he assisted 1n the estab- 
lishment of the peace-trme organization of operational 
research m the Royal Air Force During 1948-1952 
he was director of technical personnel admmustration 
m the Mmuistry of Supply where his mam work was 
the planning of recruitment of technical staff particu- 
larly m the fields of guided weapons and atomic 
weapons Ho returned to the Am Mistry as deputy 
to the scientifie adviser, whose duties were to advise 
the Ai Staff on the mfluence of the new weapons 
on strategy and tactics and to direct operational 
research He was then appomted director of guided 
weapon research and development m the Ministry of 
Supply, where he was responsible for much of the 
Ministry’s research and development work on guided 
weapons for all three Services In a reorganization. 
m 1958 his work was concentrated on the development 
of the British intermediate range ballistic missile 


Mr P. A Hufton 

Mn P A Hurrox has been promoted to become 
chief scientific officer and appointed head of the Aero- 
dynamics Department at the Royal Aircraft Estab- 
lishment in succession to Mr L F Nicholson, who 18 
the new director general of scientific research (air), 
Mümstry of Supply Mr  Hufton graduated im 
engmeermg at the University of Manchester m 1933 
and obtained his MSc degree a year later Ho 
jomed the Aerodynamics Department of the Royal 
Aureraft Establishment 1n December 1934 and after 
working for a short period on low-speed. research, 
transferred to tho Aerodynamic Research Flght 
where he remained until March 1946 Before the 
War, he worked part-time with C N H Lock at the 
National Physical Laboratory on propeller theory 
and experiments During the War he was responsible 
for take-off and landmg research, particularly for 
heavily loaded aureraft, rocket-assisted take-off, 
development and flight testmg of high-hft devices, 
and work on carrer landmgs for the Royal Navy 
In the spring of 1946 he moved to the Aeroplane and 
Armament Experimental Establishment at Boscombe 
Down as supermtendent of performance He 
returned to the Aerodynamics Department, Royal 
Aureraft Establishment, Farnborough, m October 
1953, m charge of the Supersonics Division and moved 
to the Royal Aurcraft Estabhshment at Bedford as 
head of the Aerodynamics Division in September 
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1957 A year later Mr Hufton became chief super- 
intendent of the Royal Aurcraft Establishment at 
Bedford in succession to Mr L H G Sterne 


Chemistry at the Royal College of Science and 
Technology, Glasgow - 


Prof F S Spring, FRS 


Pror F S SPRING, whois retiring from the char of 
chemistry in the Royal College of Science and 
Technology, Glasgow, graduated at the University 
of Liverpool under Sir Ian Heilbron and received his 
first appomtment in 1930 ın tho University of 
Manchester, where he remained for sixteen years 
After Sir Ian Heilbron moved from Liverpool to the 
cham of organic chemistry ın Manchester he and 
Spring worked m close collaboration over a number 
of years and made notable contributions to ou 
knowledge of the chemistry of the sterols, vitamm D, 
and the triterpenes During this period Prof 
Spring’s work was particularly associated with the 
structure of ergosterol and caleiferol and with the 
B-amyrm group of triterpenes Prof Spring was 
elected to the Freeland chair of chemistry at the 
Royal Technical College (now the Royal College of 
Science and Technology) in Glasgow ın 1946 Here 
he has developed a flourishing school of research m the 
chemustry of the triterpenes and of certam heterocyche 
systems Prof Sprmg was a Tilden Lecturer of the 
Chemical Society and was elected a Fellow of the 
Royal Society ın 1952 


Prof. P. L. Pauson 


Dr Prrer Lopwia Pauson, who has been 
appointed to succeed Prof Sprig, graduated at the 
University of Glasgow with first-class honours im 
chemistry im 1946, and proceeded to Sheffield as 
holder of a Henry Elson Research Fellowship There 
he worked under R D Haworth on purpurogallin 
and was awarded the degree of Ph D ın 1949, having 
already shown his versatility by giving good service 
as temporary assistant lecturer m morganic chemistry 
He spent the next four years in the United States, 
first as assistant professor at Duquesne University, 
Pittsburgh, then as Research Fellow successively at 
the University of Chicago and at Harvard It was 
then that he discovered the novel ‘sandwich com- 
pound’, dicyclopentadienyl-mon, usually known as 
ferrocene The mterest aroused by this substance and 
its relatives was such that, less than four years later, 
Dr Pauson could publish a timely review article on 
work in this field, with eighty-eight references He 
returned in 1953 to the University of Sheffield, 
where he now holds the post of reader, vigorously 
pursuing the mvestigation of these remarkable sub- 
stances, both as quite exceptional cases of metallic 
co-ordmation and as organic aromatic systems of a 
new type 


Nuclear Physics at the University of the Witwaters- 
rand : Prof. J. P. F. Sellschop 


Dr J P F SrzrLsoHoP has been appomted to 
the chair of nuclear physics at the University of the 
Witwatersrand as from July 1 He will contmue 
to be director of the University’s Nuclear Physics 
Research Unıt, to which position he was appoimted 
in 1956 Prof Sellschop, who at the age of 29 becomes 
the youngest professor m the University, 1s at present 
m Britain carrying out research at the Atomic Energy 
Establishment at Harwell for six months He is a 
member of the Research Advisory Committee of the 
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Atomic Energy Board and represented the Union at 
a sSemunar on atomic energy and its educational 
problems which was held m Saclay, France, under 
the auspices of the International Atomic Energy 
Agency m July Prof Sellschop was also an official 
delegate to the second International Conference on 
the Peaceful Applications of Atomic Energy m Geneva 
last year Born m Luderitz, South West Africa 
Prof Sellschop received his early education at 
Christian Brothers’ College, Pretoria He then 
became a student at the University of Pretoria and 
received the BSc degree there cum laude m 1950 
After workmg at the National Building Research 
Institute m Pretoria for two years he was awarded 
an H B Webb scholarship and enrolled in the 
Merensky Instrtute of Physics at the University of 
Stellenbosch and in 1952 received the degree of 
M Se cum laude We then joined the Bernard Price 
Institute of Geophysical Research, later successfully 
readmg for the Ph D degree m the nuclear physics 
group of the Cavendish Laboratory, Cambiidge, as 
holder of a postgraduate scholarship awarded by the 
Shell Company of South Africa Ltd in 1954 


Microbiology at Sheffield Prof S. R Elsden 


Da Siuwzy Revusen Espen has been ap- 
pointed to the newly created cham of microbiology 
m the University of Sheffield, as from October 1 
Dr Elsden was educated at the Cambridge and 
County High School for Boys and the University 
of Cambridge He graduated BA in 1936 and 
obtamed first-class honows m both parts of the 
Natural Sciences Tripos Durmg 1937-38 he worked 
under Dr Marjory Stephenson in the Department of 
Biochemistry at Cambridge and was then appomted 
assistant lecturer, and later lecturer, m physiology 
in the Umwversity of Edinburgh In 1943 Dr Elsden 
jomed the scientific staff of the Agricultural Research 
Council's Umit of Animal Physiology at Cambridge 
He went to Sheffield ın 1948 as senior lecturer im 
microbiology m the Department of Bacteriology and 
m 1952, when the University created a separate 
Department of Microbiology, Dr Elsden was ap- 
pomted head of the new Department He has also 
been honorary director smoe 1952 of the Agricultural 
Research Couneis Unit of Microbiology, which 1s 
housed m his Department Dr Elsden’s Department 
has recerved generous support from the Rockefeller 
Foundation, and the Agricultural Research Council 
Unit has also received a grant from the Kellogg 
Foundation 


New Commonwealth Institute Building 


Prans for a new building for the Commonwealth 
Institute were made public on June 17 The new 
premises, which will replace the present accom- 
modation 1n the Colleutt building in South Kensing- 
ton, will be erected on a 3}-acre site at the southern 
end of Holland Park, fronting Kensmgton High 
Streot, at an estimated cost of £725,000 Work will 
start next sprmg and 1s scheduled for completion in 
1962, when the removal of the Institute from its 
present buildmg will be necessitated by Government 
plans for the expansion of the Imperial College of 
Science and Technology The new Institute will 
consist of a mam exhibition block with a wing on 
the western side In the wing will be housed offices, 
a restaurant, a reception centre and diming space for 
visiting school parties A large reception room for 
the Commonwealth Students’ Club and for confer- 
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ences and social occasions, a reference library and 
reading-room, a cmema to seat between 450 and 500, 
and a gallery specially designed for temporary art 
and other exhibitions are also mcluded m the plans 
The architects are Messrs Robert Matthew and 
Johnson-Marshal The Commonwealth Institute is 
the major centre m the United Kmgdom for mform- 
ation about the Commonwealth nations and their 
Dependencies Founded as the Imperial Institute 
in 1887, ıt has occupied its present accommodation 
in the Colleutt bulding since 1893 The name was 
changed from ‘Imperial’ to ‘Commonwealth’ Institute 
by the Act of 1958 


The British Non-Ferrous Metals Research Associa- 
tion 


THE opemng of the latest addition to the labor- 
atories of the British Non-Ferrous Metals Research 
Association by Sir Alexander Fleck on May 13 ıs a 
further step m the progress of an Association which 
has grown in activity and reputation ever since ib 
was first established some thirty years ago This 
reputation in the field of non-ferrous metallurgy 1s 
acknowledged not only in Britam but also abroad 
The restoration of the laboratories after serious war 
damage suffered serious delays, and with the mcrease 
in the Association’s work and the resulting congestion, 
the decision was taken m 1957 to complete the 
buldmg plans which had been formulated some 
twenty years earher The block now opened adds 
some 12,500 sq ft of floor space, bringmg the total 
to about 53,000 sq ft It contams new corrosion 
laboratories, 2 large new metal fimshmg shop, 
extensions to the physics laboratories and to the 
foundry Together with these a new council chamber 
and badly needed offices for the semor staff add 
considerably to the administrative amenities 


The Metropolitan-Vickers Nuclear-Metals Labor- 
atory 


Ir was with the view of ascertamung the effects of 
uradiating metals that Metropolitan-Vickers Elec- 
trical Co Lid decided to extend the existing facilities 
of the Research Department by buildmg a Nuclear- 
Metals Laboratory The Laboratory is equipped for 
the examination and testing of irradiated components 
and materials rangmg up to a complete fuel element 
having an activity of the order of 10 ke It is 
provided with two large concrete caves, and a train 
of five interconnected lead-walled cells is used to 
receive large wradiated objects Essentially the 
caves are constructed of barytes concrete blocks The 
air 1n the caves ıs arranged to be mamtamed at a 
shghtly lower pressure than that ın the open labora- 
tory, thus ensuring that no air-borne radioactive 
dust can escape Remote control manrpulators 
enable the operations to be carried out imside the 
caves from outside the walls The new laboratory 
will primarily be engaged on work for the Associated 
Electrical Industries—John Thompson Nuclear 
Energy Co , Ltd , and on work under contract for the 
UK Atomic Energy Authority The scope of work 
will be concerned not only with investigations mto 
the radiation effects on constructional materials 
such as graphite and steel of various types, but also 
with establishmg the behaviour of metals such as 
magnesium, zirconium, beryllium, ete , and of thermal 
and electrical msulation materials A highly organ- 
ized health physics service 1s mamtamed to safeguard 
the operating staff against all the hazards involved 
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Sponsored Research in Great Britain 


Faciiriss for sponsored research m Great Britain 
were increased by the formation m 1957 of the 
Arthur D  Lattle Research Institute which has 
laboratories at Inveresk, Midlothian The Institute 
18 a non-profit-making organization registered m 
Great Britam as a company under the Friendly 
Societies Act, and although the two concerns are 
Separate, ıt operates in close association with a 
similar group m the United States, Arthur D Little, 
Ine, of Cambridge, Mass The Institute has now 
issued its first annual report from which readers may 
gam some idea of the scope and objects of the new 
venture With Lord Bilsland as chairman of the 
Board of Directors, and with Dr F N Woodward 
as director of research, the Institute has been con- 
cerned with several projects, all of which are bemg 
treated with special reference to the fundamental 
scientific background The results will normally be 
given open publication when the work 1s complete, 
and interim accounts of the various projects are given 
in this annual report These projects include imnvesti- 
gations of the sodium derivatives of sucrose and of 
their condensation with a variety of organic halogen 
compounds, studies on the mechanism of the forma- 
tion of isotactic polymers, the development of rapid 
methods for assessmg the effectiveness of potential 
corrosion inhibitors, studies on the mechanism of 
mhibition of corrosion by electrochemical methods, 
and investigations into the modification of wood 
cellulose by chemical methods In addition, the 
report refers to lectures, publications and other 
scientific activities organized by the staff of the 
Institute It will be of great mterest to all those 
who wish to know more about this new development 
m sponsored research and its place m the general 
organization of research m Great Britam 


Nuclear Studies in the United Kingdom 


Tae Science Department of the British Council 
has issued its third list (May 1959) entitled “Nuclear 
Studies” This 1s a concise catalogue of courses in 
pure and applied sciences concerned with the use 
and development of nuclear energy It 1s issued 
plimarily as a guide for the overseas student who 
wishes to undertake specialized, formal traimmg in 
the United Kingdom Consequently ıt includes only 
full-time courses, generally of one week or more m 
duiation, and is not concerned with research topics 
or with the courses which may be regaided as formmg 
part of a normal first-degree comse Although the 
list has appeared too late for application to be made 
for many of the courses durmg the academic year 
1959-60, 1t serves to direct inquiries for courses m 
1960-61 Further information can be obtamed from 
the Science Department of the British Council, 65 
Davies St, London, W 1 


Building Research in New Zealand 


In recent years, a number of fields of mvestigation 
ielating to the buidmg mdustry in New Zealand 
have been pursued mdependently in various organ- 
izations and laboratories m which the main interests 
have been m quite different fields The Dommuion 
(Chemical) Laboratory has mvestigated pamts and 
local building materials, the New Zealand Forest 
Service has carried out work on timbers, both 
indigenous and exotic, suitable for bulding, the 
Pottery and Ceramics Research Association has in- 
vestigated the appropriate use of brick constructions 
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for earthquake conditions, and the Dominon 
Physical Laboratory has done some valuable work on 
methods of domestic heating, thermal insulation, and 
related physical problems But there has been no 
co-ordination between these diverse efforts , nor any 
mstitution wholly devoted to problems of the building 
industry 
This anomalous state of affairs ıs now to be 
abolished with the establishment of a Building 
tesearch Bureau, which is bemg sponsored by a 
Jomt committee of the New Zealand Master Builders’ 
Federation and the New Zealand Institute of Archi- 
tects Dr Lyndon Bastings has been appomted the 
first director It 1s mtended imtially to set up a 
library and an information service, but as funds 
allow, 15 1s hoped that laboratories and other practical 
facilities will follow ın due course The address of 
the new Bureau is Construction House, 66 Murphy 
Street, Wellington, N 1, New Zealand 


Postgraduate Courses at the Imperial College of 

Science and Technology, London 

ADVANCED postgraduate study has long been a 
special featine of the work of the Imperial College of 
Science and Technology, University of London As 
new types of technology emerge—of which nuclear 
power and soil mechanics are notable recent examples 
—they open up possibilities of study which must 
remain outside the scope of any course for a first 
degree but which are properly withm the field of 
university teachng The postgraduate courses at 
the College have been greatly increased in number in 
recent years to meet the wide range of technological 
development Postgraduate courses provide the 
opportunity for students, mcludmg many who have 
aheady spent a year or more m industry, to further 
ther knowledge m a particulai specialized field, and 
at the same time to learn from experts their experience 
of the application of this knowledge m indusiry. 
Details of the courses are set out in an impressive 
handbook pubhshed by the College (Postgraduate 
Courses, 1959-60 Pp xu+111 London Imperial 
College of Science and Technology, 1959), the list 
should give considerable satisfaction to all who are 
concerned with Britain's place m the world of tech- 
nology Many of these courses have been accepted 
by the Department of Scientific and Industrial 
Research as suitable for the tenure of advanced 
course studentships Grants for the courses 1elated 
to agricultural science are awarded by the Ministry 
of Agriculture, Fisheries and Food ‘The courses are 
assisted by industry, m particular, a number of 
firms support the work of the advisory committees 
in concrete technology and technical optics and 
provide bursaries for the respective courses 


Sandwich Course in Executive Development 


THE Department of Commerce and Management of 
Sheffield College of Technology :s to provide a 
sandwich course in executive development com- 
menemg in November 1959 The purpose is to 
provide for the young manager and potential manager 
a fully integrated plan of executive development, by 
bringing together in one scheme both education for 
management within the College and general and 
vocational managerial experience m his workmg 
environment Full-time attendance at the College 
will be required for approximately fifteen weeks 
during each year of the course, and will be spread 
over a period of two academic years Only students 
already engaged ın industry, and  mdividually 
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sponsored by their employers will bo accepted into 
the course Further mformation can be obtamed 
from the Head of the Department of Commerce and 
Management, 1, Melbourne Avenue, Sheffield, 10 


Developmental Biology 

Tus first number has recently appeared of a new 
journal, Developmental Brology, published by the 
Academic Press, and produced by an editorial board 
consisting of Prof J Brachet, Prof E  Hadorn, 
Dr P Weiss with Prof M V Edds of the Department 
of Biology, Brown University, as managing editor 
(Developmental Biology, Vol 1, No 1, April 1959 
Pp x+124 Volume l (6 issues) 14 dollars New 
York and London Academic Press, Inc, 1959) 
The manuscripts m English should be sent to 
Developmental Brology, Department of Biology, 
Brown University, Providence, Rhode Island, U S A 
those m French to J Brachet, Laboratory of Animal 
Morphology, University of Brussels, Brussels, Bel- 
grum, and those in German to E Hadorn, University 
of Zurich, Switzerland Many of the classical divisions 
of biology no longer correspond to the way m which 
research 1s organized and thought develops m biology 
to-day The formation of this journal 1s an attempt 
to produce some degree of rationalization by brmging 
together studies of all aspects of development and 
growth This 1s well exemphfied by the contents of 
the first number, which contains articles dealmg with 
the chick embryo, with Drosophila larve, with the 
ribonucleic acid mvolved m differentiation of a fern 
and with the function of SH groups in morphogenesis 
In the editonal to the first number the editors say 
that they are prepared to accept articles written 
from a wide variety of points of view, for example, 
analytical or descriptive, techmecal or theoretical, 
using eithear a molecular approach and/or an organis- 
mal appioach Micro-orgamisms plants and animals 
are all equally regarded as relevant to the problems 
of developmental biology 


Native Life in Angola 

Tum Portuguese Companhia de Diamantes de 
Angola ıs noted for the interest ıt takes ın archeology 
and the natrve cultures of the region m which i6 
operates Busmess firms are not usually directly 
concerned with interests of a cultural nature outside 
ther own money-making projects, and this makes 1t 
all the more remarkable that the Angola Diamond 
Mining Co has published already a large number of 
splendid volumes, full of illustrations which deal 
with many aspects of the past and present history of 
the country A recent volume (Companhia de 
DBiamantes de Angola (Diamang) Servicos Culturais 
Dundo-Lunda-Angole Museu do Dundo Pub- 
heaeóes Culturais No 37 Flagrantes da Vida na 
Lunda  Iotroducáo de José Osório de Ohvera 
Pp 192 (Lisboa Companhia de Diamantes de 
Angola 1958)) 1s & superb publication of large 
format contamung no less than 148 full-page illus- 
trations of the countryside and its mhabitants. We 
can see basket-makers at work, fishmg scenes, a 
moment m a divination ceremony, a Lunda chief 
with his robes and ceremonial insignia, ete The 
first 44 pages are devoted to an mtroduction by 
Dr José Osério de Oliveira, there bemg Portuguese, 
French, and English versions An account of some of 
the cultural activities of the company 1s given and 
also of the country and its people On the last page 
the author writes. “The honour attributed to the 
leaders of ‘Diamang’ in having anticipated m Africa 
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that which the experts convoked by UNESCO 
counselled ıs nothing more than justice, for one 
cannot fail to look upon the company as the keystone 
of local natrve hfe’? This 1s true, and furthermore, 
both archeologists and anthropologists all over the 
woild have reason to thank the Company for the 
Dundo Museum and many other contributions to 
learning 


Summer Tanager 


Forrowiwa a series of depressions and strong 
westerly winds, an unusual bird was observed on 
Bardsey Island on September 11, 1958 It was some- 
what smaller than a song thrush, olive green above 
and deep yellow below, with a heavy blunt bill and 
peculiarly short legs Subsequent observations sug- 
gested that the bird was a summer tanager, Piranga 
rubra, which had not previously been recorded in 
any European list , the few red feathers on the head 
and the back suggested that the specimen was a 
young male Details of the observation and of the 
highly successful work carried out at Bardsey Bird 
and Field Observatory during 1957 are described 
in the annual report of that Observatory for 1957, 
which can be obtained from W M Condry, Eglwys- 
fach, Machynlleth, Montgomeryshire 


Chromosome Numbers tn Solidago 


Iw further studies of the genus Solidago, J R 
Beaudry and D L Chabot (Canad J Bot, 37, No 2, 
1959) have observed the chromosome numbeis in 
25 taxa of the genus In all, the chromosome numbers 
of 42 taxa have now been published. The basic 
number of the genus is nme Thirty-three taxa are 
diploid (2n = 18), five are tetraploid (2n = 36), 
three are aggregate taxa contamung both diploid 
and tetraploid cytodemes, and one ıs hexaploid 
(2n = 54)  Polyploxdy has thus contiibuted to the 
evolution of the genus Solkdago but 1t seems that most 
of the species have differentiated gradually S 
decemflora DC of western North America differs 
from S nemoralhs Ait of the same contment by 
morphological characters, its geographical distribu- 
tion, and its chromosome number, the first taxon 
bemg tetraploid and the second diploid ; the two are 
thus good species and not merely varieties of the same 
species S rigida is considered to be an aggregate, 
consisting of two entities which are distinguished not 
only by them morphology and geographical distribu- 
tion but also by ther chromosome numbers; the 
eastern one (S rda L ) 1s tetraploid, whereas the 
western one (S parvirigida Beaudry) ıs diploid. The 
bog and marsh goldenrods, S Pursh» and S uliginosa, 
also possess different chromosome numbers, the first 
bemg diploid and the second tetraploid 


Soil Fungi in the Belgian Congo 


J Myer has given a comprehensive account of 
sou and litter fungi ın the Belgian Congo (region of 
Yangambi) (Publications de l'Institut; National pour 
l'Étude Agronomique du Congo Belge Série Scienti- 
fique, No 75. "Moississures du Sol et des Litiéres 
de la Région de Yangambi (Congo Belge)", par J 
Meyer Pp 211+4 planches Bruxelles: Institut 
National pour l'Étude Agronomique du Congo 
Belge, 1959 190 Belgian francs) In this work, the 
author has recorded his taxonomic observations on 
the very considerable number of fungi observed or 
isolated, leaving the questions of sociology, syneco- 
logy, etc, to be dealt with later The generally 


No 4682 July 25, 1959 


accepted classification of soil fung: mto native or 
cosmopolitan species, and exotie fungi (soil invadeis), 
1s followed, but the author notes that the exotic 
organisms require further sub-division mto two 
groups, namely, pieferent species (espèces p éférentes), 
mplying havmg precedence or pi lority, and exclusive 
species The nature of the vegetation, and the fruits, 
leaves and branches which fall from it to form the 
litter, carrymg down air-borne organisms by which 
they have become infected, mfluences the nature of 
the exotic fungal flora So also do rhizosphere rela- 
tionships Hence the author considers that the work 
of the soil mycologist must necessarily suffer limrta- 
trons if 16 fails to take mto account the nature of the 
vegetation and its htter, that is to say, properly 
envisaged, the phenomenon to be mvestigated is that 
of vegetation-htter-so:| In this muitial study, some 
251 species are listed, described and many of them 
illustrated Of these, 191 came fiom the soil (13 
Phycomycetes, 31 Ascomycetes, and 147 Deuteromy- 
cetes) and 60 were observed directly on debris The 
Hyphomycetes have been classified according to 
Hughes's system (1953) 


Precambrian Geology of South-western Australia 


Tur Precambiian geology of south-western Aus- 
taaha has recently been reviewed by A F Wilson 
(J Roy Soc Western Austraha, 41, 57, 1958), who 
provides a new tectonic-geological map of a quarter 
of a million square miles of this 1egion on a scale of 
20 miles to the inch This ıs the first attempt to 
integiate all known tiends of gianites, gneisses, and 
“‘gieenstones’, and on the map these and chainockitic 
10cks are distinguished for the fist time The well- 
known north-north-westerly trend of the Goldfield 
areas 1s found to extend in a general way throughout 
much of the region The strike of the gramtes con- 
forms to the regional strike of the metamorphic 
rocks, but magmatic emplacement ıs suggested 
locally Granitization contacts aie also common, and 
filter-press differentiation phenomena are known 
Geochemical and petrographic features suggest that 
many gneisses are similaa m composition to grey- 
wacke rocks, but that tho granrtes would need to have 
been subject to some K-metasomatism to have been 
produced from such a source Charnockitie rocks are 
found over a very large area, and seem to have 
developed ın at least four different ways, and in two 
main periods—one early and the other late Archean 
It would appear from radioactive age determinations 
that the bulk of south-westein Austraha is of eaily 
Archean age, and that a late Aichean period of 
metamoiphism has affected parts of the south and 
south-east, and also possibly the western margin 
of the shield which 1s down-faulted beneath the Perth 
basin, 


Perkin Centenary Trust Awards 


Tse Perkin Centenary Fellowship has been 
awarded to Mr Brian Whutear, a research chemist 
1n the laboratories of Messrs Ilford, Ltd Mr Whitear 
will work at the University of Southampton, under 
the supervision of Prof R OC Cookson, on photo- 
chemical reactions of coloured substances Perkm 
Centenary Scholarships have been awarded to the 
following Mr Ronald R Cox (tenable at the 
University of Bimmgham), Mr B T Lawton 
(tenable at the Royal Technical College, Salford), 
and to Mr D J Pearson (tenable at the Bradford 
Institute of Technology) 
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University News Hull 


Tzx annual report, 1957-58, of the University of 
Hull notes the establishment of the giade of senior 
lectureship, to which eight lecturers have been pro- 
moted, and also another large deficit on the halls of 
residence — Residence fees have been assessed to 
provide a surplus, and if costs do not rise appreciably 
an overall deficit should be avoided during the next 
three years The fist stage of the new library 
building 1s expected to be completed in the summer 
of 1959 and a provisional building programme at an 
estimated capital cost of £949,000 has been approved 
by the University Grants Committee for the years 
1960-63 including & new physics building, a hall of 
residence on the University site, an arts and social 
science building, and extensions to Ferens Hall 
The completed programme will cost nearly £2 million 
and wil provide places in Hull for about half the 
2,000 students expected in the Univeisity in the 
'60's The Senate’s report includes brief notes on 
research work ın progress, an account of the work of 
the Department of Adult Education and a list of 
publications during the year, arranged under depart- 
ments 


Announcements 


HRH Tar Duge or EDINBURGH has accepted 
an invitation to become the first Honorary Fellow 
of the Illuminating Engmeering Society 


Pror J H Marsewson, of the Institution of 
Transportation and Traffic Engmeermg, University 
of Califorma, will give two lectures at the Road 
Research Laboratory, Langley Hall, Langley, Slough, 
Bucks, on ‘“‘Expermments on Automobile Collisions” 
(September 9), and “A Srmulato: for Research on 
Driver Behaviour" (September 16) Both lectures 
will commence at 3 30 pm Tickets can be obtamed 
(free) on application to the Director of Road Research, 
Road Research Laboratory, Harmondsworth, West 
Drayton, Middlesex 


Sm James DENBY RonxzRTS has been appointed 
chairman of the Joint, Committee of the Agrieultuial 
and Medical Research Councils and the Development 
Commussion on Biological (Non-Medical) Problems of 
Nuclear Physics in succession to Lord Rothschild, 
who retired earher this year This Committee was 
formed to sponsor and co-ordinate research on the 
effects of radioactive substances on plants and animals, 
and is responsible for the supervision of monitormg 
fall-out m foodstuffs and other biological materials 
Sir James ıs chauman of the Scottish Society for 
Research m Plant Breeding and ıs particularly 
interested in farming in the Highlands 


Ir ıs announced that the Commonwealth Scientific 
and Industrial Research Organization (Australia) has 
formed a new Division of Mineral Chemistry, replacing 
the Minerals Utilization Section of the Organization’s 
Chemical Research Laboratories The Division's re- 
search under the leadership of Mr R G Thomas 
will be concerned with the chemical transformation of 
nunerals mto a wide variety of useful products 


A COLOURED wall-chart ilustratmg ın section the 
Metro-Vickers Type EM6 electron-microscope has 
recently been produced primarily for the use of 
technical colleges and teaching institutions Supplies 
have been reserved for lecturers and science teachers 
and requests for copies should be addressed to the 
Pubheity Department of Metropolitan-Vickers Elec- 
trical Co , Ltd , Manchester 
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INDUSTRIAL RESEARCH ASSOCIATIONS IN BRITAIN 


“Ty ESEARCH for Industry, 1958", which reports 
on work done by the industrial research 
associations in the Government scheme, this year 
adopts a new pattern which has much to commend 
ib It meludes the report of the Industrial Grants 
Committee of the Council for Scientific and Industrial 
Research which comprises a review of grant policy 
durmg 1957—64 (see p 211 of this issue), and a review 
of the achievements during the past five years of the 
ten research associations to which new or revised terms 
of grant were recommended durmg the year Apart 
from brief notes on any outstandmg features of the 
work of other research associations during the period, 
the bulk of the report comprises a lst of existing 
associations, giving their officers, total mcome and 
publications durmg the year and a brief note on the 
scope of the present work of each association There 
19 also an assessment by Dr D T A Townend of the 
place of the research associations m the evolution of 
scientific endeavour, and a report entitled “New 
Ideas, New Products, New Processes" on how co- 
operation research serves the texte mdustries In 
this report, which covers the work of several research 
associations, the pomt 1s made that one-fifth of an 
association’s resources is only adequate for funda- 
mental research if the total resources are big enough 
Of the research associations which recerved new 
or revised terms of grant durmg the year, stress 1s 
laid on the basic research mto the composition of 
gelatin and glue, the structure of the gelatm molecule, 
the properties of solutions and gels and the con- 
version of collagen into gelatm bemg carried out by 
the British Gelatine and Glue Research Association , 
the economic value of the work of the Britash Hat 
and Alhed Felt Makers’ Research Association, the 
achievements of the British Hydromechanies Research 
Association m the design and utilization of pumps 
and m high-pressure hydraulic machmery and m 
hydrauhe model testing The Furniture Development 


Council has conducted a basic mvestigation mto 
factors affecting the strength and rigidity of cabmet 
construction, developed test methods for furniture 
lacquers and worked on a new, economical material— 
wood chipboard The Heatmg and Ventilating 
Research Council began its first major research 
project in 1956-57—an investigation of problems 
amsing from the intermittent heating of buildings, 
with the view of ascertaming possible fuel savings by 
choosing in advance equipment and programme of 
the daily heating cycle in relation to the thermal 
characteristics of the buildmg and installation The 
Lace Research Association has carried out much 
work on new types of yarn and on problems arising 
m dyemg and dressing synthetic fibre materials, and 
1s engaged m a basic study of the bobbin and carriage, 
which 1s the central feature of major types of lace 
machines 

Basic research carried out by the British Flour- 
Millers’ Research Association includes a complete 
analysis of the ammo-acid composition of flour and 
of the changes which occur when it 1s made mto 
bread The Research Association of British Rubber 
Manufacturers has extended its cover to plastics, 
notably polyvmyl chloride and polyethylene, and 
has been mvestigating the basic physical character- 
istics of rubber and plastics and the influence of 
service conditions such as temperature on these 
characteristics An outstanding piece of chemical 
research mcreased knowledge of how traces of certam 
metals, notably copper and manganese, can cause 
premature deterioration of important classes of rubber 
products, especially rubber-proofed fabrics The 
British Coke Research Association has developed 
mstrumenis such as an isothermal bomb calorimeter 
for accurate determination of the calorific value of 
sold and liquid fuels and an electromagnetic semi- 
microbalance for use m fundamental studies relating 
to carbon 


AGRICULTURAL RESEARCH IN BRITAIN 


A CORRESPONDENT, commenting 1n a Scottish 
farmmg paper on the Report of the Agricultural 
Research Council for 1957-58, complaimed that he 
could find no reference to research on grass tetany 
Because of its current seriousness, he felt that some 
of the four million pounds that the Council admmusters 
Should be allocated directly towards research into 
this problem If be had read the report with deeper 
understanding he would have realized that such a 
criticism was not really justified For example, at 
the Rowett Research Institute there are m progress 
fundamental studies on the physiology of rumen 
digestion with particular reference to young grass 
which ıs high m potash and mtrogen The work 1s 
not labelled grass tetany or hypomagnesemia, but 
it 13 ın fact just the sort of work that will lead to a 
better understandmg of the metabolic diseases of 
hvestock which are still very largely unsolved 
Agricultural research has long since passed from its 
old phase of an empirical approach to outstanding 
problems, and this 1s well illustrated by this report, 


for the main emphasis 1s on fundamental studies 
necessary for a better understandmg of the vital 
mechanisms of plants and animals 

Another illustration of this approach 1s provided by 
the mvestigations, mainly at Rothamsted Experi- 
mental Station and at the University of Durham, 
into the biology of the potato root eelworm Studies 
have been made of diffusate from potato roots which 
stimulates hatching of the cysts, and investigations 
are proceeding at several centres into the chemistry 
of this material, with the view of obtaming a means 
of causing hatchmg in the absence of the host 
plant 

A feature of the report 1s the very considerable 
emphasis which is given to the several aspects of 
poultry research, which for a number of years was 
something of a Cinderella so far as the Council was 
concerned The industry, with an annual output of 
£200 millions, 1s second m importance in Britain to 
dairying, and 1t also 1s one of the most heavily sub- 
sidized It is very important that the mdustry 
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should be more efficient, and especially ıs this true m 
respect of disease control, for wastage 18 a very heavy 
source of loss To-day there are two poultry research 
institutes, one wholly and the other partly financed 
by the Council, while there 15 à considerable amount 
of poultry research being supported at other centres 
One pleasing aspect of the breeding work 1s the atten- 
tion that 1s bemg given to methods which will be 
within the compass of the small breeder, who 1s in 
imminent danger of bemg squeezed out by the large 
organizations producing hybrid chicks 

Possibly the most notable advance from the point 
of view of the farmer relates to the control of husk m 
cattle, which 1s caused by the lungworm, D«ctyocaulus 
vwvparus This work has been undertaken by the 
University of Glasgow Vetermary School and was 
started in 1952 The successful outcome of this work 
is that double vaccination, using doses of larvz that 
have been partially mactivated by irradiation with 
X-rays, gives an effective field control of a disease 
which has been a serious source of loss to farmers The 
cost to the cattle mdustry has not been confined to 
deaths and loss of thrift, but has included also the 
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cost of housing and hand-feedmg susceptible animals 
1n order to avoid infection Now that farmers have 
an effective control of the disease, ıt will be possible 
for them to put calves out to pasture and thereby 
considerably lower the cost of rearmg X-irradiation 
opens up enormous possibilities in the control of 
other endo-parasitic mfections, and further work is 
proceeding on this side 

One final pomt about the Couneil’s activities— 
though the greater part of its funds go to research 
institutes such as Rothamsted Experimental Station 
and the National Institute for Research mn Dairying, 
the universities are by no means neglected Apart 
from a number of research units, there were nmety-four 
separate projects at sixteen universities which were 
receiving grants m March 1958 It seems that fears 
expressed a few years ago that the big institutes 
would monopolize research ın agriculture, and the 
sciences basic to agriculture, are groundless, for ıt 1s 
obviously the Council's policy to encourage workers at 
the universities, who have, among their other duties, 
the task of traming research workers to staff the 
mstitutes 


SELF-REGULATION IN LIVING SYSTEMS 


Te first Ottawa symposium on self-regulation m 
living systems, held m October 1958 (see Nature, 
183, 730, 1959), led to requests for a second meeting 
with particular emphasis on problems of stabihty in 
self-regulating systems This meetmg was held at 
the National Research Council laboratories m Ottawa 
on March 11 As on the previous occasion, a very 
wide range of professions was represented, and the 
attempt was made to merease our understanding of 
the behaviour of livmg systems by analogy with 
known physical and mathematical techniques and 
concepts 

The openmg paper, outlmmg the nature of the 
problem, was by a physiologist, Dr A S V Burgen 
(McGill University, Montreal) Burgen emphasized 
that all physiological problems are multifactorial m 
character, and that m a real biological system ıb 18 
impossible to isolate a smgle variable A real need 
exists for more adequate mathematical techniques 
to deal with such problems However, at present, 
smnphfymg assumptions are essential in order to 
reduce problems to manageable form Thus we may, 
for example, consider the blood circulatory system 
as made up of two pumps—namely, the might and 
left ventricles of the heart—connected ın series with 
each other and with the blood vessels of the body 
The problem here 1s how the outputs of the two 
pumps are maintamed equal to one another It 1s 
found that over a wide range of input pressures the 
output flow ıs proportional to this pressure, and in 
this way automatic regulation is achieved It appears 
that blood pressure 1s controlled by sensors acting 
via the base of the brain to cause dilation or con- 
traction of capillaries m the circulatory system In 
these cases, and, for example, m the problem of 
maintenance of body temperature, the mechanisms 
by which the actual operating values are determined 
remam largely unknown at present It was also 
pomted out that there are definite trme-cycles within 
the body for which at present no explanations have 
been given Following Burgen’s paper there was 
considerable discussion as to whether the dependence 


on temperature of the rate of chemical processes 
might provide an adequate mechanism for the mam- 
tenance of an internal temperature standard 

Dr A C Smith (Computing Centre, University of 
Ottawa) presented some analysis of the properties of 
idealized control systems, using the method of the 
Laplace transformation The analysis, however, 
was limited to strictly linear systems, and it was felt 
that the non-hnear problem is in fact of great 
Importance to physiologists and others The con- 
clusion reached ın the analysis was that optimum 
control conditions obtam when the control action 
depends upon both the variable under control and 
its time derivative This conclusion agreed with 
the general experimental observations of the physio- 
logists present In the discussion the influence of 
time delay or phase of negative feedback on the 
stability of systems was of primary mterest Physio- 
logical systems discussed ın this connexion included 
problems of neurological instability and the recent 
work, reported in the hterature, on the relation 
between stammermg and delays in the reception of 
aural signals The galvanometer amplifier usmg a 
light beam and photocell to provide a high degree of 
negative feedback offers a simple mechanical system 
showing some of the mmportant features If the time 
delay 1n the response of the cell is appreciable, the 
galvanometer amplifier system may ‘build up’ to a 
state of oscillatory instability It should be emphas- 
ized that the polarity of the feedback 1s still nominally 
negative, if the feedback is connected up m the 
opposite sense (positive feedback) then the galvano- 
meter amplifier becomes entirely unstable, and 
obviously so! 

An outline of some modes of operation of digital 
computers by Dr Bradford Dunham (Research 
Laboratory, International Business Machines, Pough- 
keopsie, Now York) opened the way for analogies to 
be drawn with hving systems In programming a 
computer a specific problem must be given a precise 
mathematical formulation and then translated into 
machine language Under these conditions we may 
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say that the machme will either perform activities 
requiring no ‘judgment’, or ıt may be adapted to 
include activities requiring ‘judgment’ provided that 
the programme contams some means for evaluatmg 
consequences We can then go further and consider 
problems which are rather 3nexact, or poorly defined, 
with the condition that the answer(s) to the problem 
(which may be very difficult to find) must be easy to 
check or recognize as correct when arrived at In 
order to do this, the machine changes rts own pro- 
gramme 1n some successive manner and at the same 
time evaluates the effect of these changes It cer- 
tainly appears that this technique of ‘machme search’ 
can be regarded as a learning process (perhaps even 
more ?) m that the machine itself attempts to arrive 
at the correct way to tackle a problem 

Dr F L McNaughton (Montreal Neurological 
Institute) made some remarks on stability in relation 
to the human system, pomting out first that we are 
still far from an adequate understanding of how the 
bram works Experiments m which people were 
isolated from their environment result in hallucma- 
tions m the experimental subject and some distortion 
of perception when the period of isolation 1s ended , 
a clear mterdependence of nervous system and 
environment 18 indicated When this adjustment of 
man to his environment breaks down he shows the 
symptoms of disease Broadly speaking, 16 appears 
that only damage or disease in the general receptor 
or motor areas of the bram produce immediately 
identifiable external symptoms Considerable parts 
of other areas of the bram may be removed or quite 
drastic surgery carried out, with what appear to be 
only transient after-effects m many cases In dis- 
cussion, the close analogy between the apparent 
organization of the human bram and the problem of 
"machine search’, mentioned above, was pomted out 
Tt has been found that in machine ‘learnmg’ of this 
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type, the mutial and final stages of tho programme 
(which might perhaps be likened to receptor and 
motor areas) are critical in the solution of the problem, 
but otherwise many alternative programmes appeal 
to be possible 

Dr G Ghnsli (Department of Electrical Engmeer- 
mg, University of Ottawa) spoke on the general 
problem of stability and adaptability of multi-loop 
feedback control systems Systems of this type are 
much closer to living systems than the simpler control 
systems discussed earlier smce a number of variables 
are involved in controling a single output In 
addition, there may be feedback to one or more 
mputs and it ıs also possible to take mto consideration 
some interaction between mput variables 

In the previous symposium, Dr A C Burton 
(University of Western Ontario) presented some 
demonstrations on the significance of visual per- 
ception The present symposium concluded with a 
short demonstration by Dr Burton of mteraction 
between visual inputs This followed an experrment 
first performed by Mach m which an interaction 
between neighbouring receptors ın the eye leading to 
a sharpening of the contrast between light and dark 
regions 18 shown quite dramatically by the apparent 
presence of intensified dark and light bands in the 
penumbra region of a straight edge when projected 
on to a lantern screen 

Following the meeting, 2 panel discussion took 
place on the Canadian Broadcastmg Corporation 
system under the charrmanship of Sir Robert Watson- 
Watt, m which Drs Burgen, Dunham and MacDonald 
took part Durmg this spontaneous discussion the 
significance of ‘learnmg’ by machmes was explored 
further It xs probable that a further symposium 
will be held—perhaps this trme ın Montreal 

D K C MacDonarp 
Doveras L MARTIN 


THERMONUCLEAR PROCESSES 


CONVENTION on “‘Thermonuclear Processes" 
was held in the Great Hall of the Institution of 
Civil Engineers on April 290-30 The convention was 
organized by the Institution of Electrical Engineers 
in conjunction with the British Nuclear Energy 
Conference A total of twenty-two papers were read, 
half of which were concerned exclusively with the 
engineering problems arising out of research into 
controlled thermonuclear reactions The remamung 
papers were largely re-statements of results given at 
the Geneva Conference on the Peaceful Uses of Atomic 
Energy last year, albert presented m a form more 
suitable for a predominantly engmeermg audience 
However, some new results were given, particularly 
in the papers submitted by the United States and the 
USSR 
The mechanism of energy loss remains the out- 
standing question m connexion with the toroidal 
stabilized pinch or Zeta-type discharge At the 
Geneva Conference, Dr 8 A Colgate of the University 
of Cahforna claimed that the entire energy loss 
durmg the first 7-8 usec of the discharge life-time 
in his small torus was due to runaway electrons with 
an energy of about 2 keV striking the walls Later, 
Drs Hughes and Kaufmann of Associated Electrical 
Industries, Ltd, Aldermaston, published results 
obtained with the Sceptre apparatus showing that 


unpurity 10ns were drifting around the torus with the 
unexpectedly high velocity of 109 cm /see The 
angular momentum of the deuterium plasma deduced 
from these measurements was 1n agreement with the 
notion of runaway electrons as the chief source of loss 
This happy unanimity was destroyed by the release 
of two further results during questions at the Conven- 
tion First, a search had been made on Zeta for the 
Doppler shift i» impurity spectra mdicating drift 
motion and none had been found Secondly, the 
group at Los Alamos under Dr J A Phillips working 
with Perhapsatron S4 had some evidence to show 
that the whole of the energy loss from their torus was 
due to radiation m the vacuum ultra-violet region 
Clearly more work will have to be done before the 
problem 1s finally resolved 

Mr G B F Niblett of the Atomic Weapons 
Research Establishment, Aldermaston, described 
some new experiments on the rapid compression of 
plasma In this work a fast-rismg axial magnetic 
field 1s created inside a linear discharge tube by means 
of a long single-turn copper coil coupled to a condenser 
bank The resulting rmg discharge iomzes the gas 
and is rapidly collapsed by the ring magnetic 
pressure ‘The heating principle ıs the same as that 
of the fast lmear pinch first reported by Kurchatov at 
Harwell m 1956, but the changed geometry avoids 
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electrode effects and ıs expected to be hydromagnetıc- 
allymorestable Armgmg discharge with a frequency 
of about 200 ke /s was produced in a l4ł-m bore 
tube A rotatmg-mirror photograph of the discharge 
in nitrogen showed successive contractions of the 
discharge corresponding to the oscillations of the coil 
current In other measurements, the radial oscillation 
of the hollow cylindrical shell of plasma when con- 
fined between two magnetic fields was observed 
It was suggested that these oscillations might be used 
to heat the plasma 

A paper presented by Mr J D Jukes of the Atomic 
Energy Research Establishment, Harwell, analysed 
a system for extracting electrical energy directly 
from any fusion reactor which uses the principle of 
magnetic confinement To extract the energy, the 
plasma is taken through a compression cycle by 
varying the confinmg magnetic field Durmg the 
compressed state, energy accumulates m the plasma, 
due to the burning of the nuclear fuel ^ When 
expanded the plasma temperature 1s low so that 
fusion reactions occur mfrequently and the plasma 
cools, losing energy by bremsstrahlung radiation 
In this way, waste heat 1s removed from the plasma 
and a closed Carnot cycle can be achieved Since 
the neutrons produced in the fusion reactions are 
unaffected by the magnetic field, only the energy 
released in charged particles can be extracted ın this 
way Mr Jukes concluded that 1t should be possible to 
withdraw about one-third of the available energy from 
proposed fusion devices directly as electrical energy 

Dr C M van Atta of the University of Califorma 
Radiation Laboratory presented a survey of the very 
large American programme in this field which costs 
40 milion dollars a year and employs three hundred 
professional staff A new experiment demonstrating 
the propagation of torsional Alfvén waves through 
plasma was described To produce the plasma a linear 
discharge carrying a current of 20 k amp m an axial 
magnetic field of 10 kilogauss 1s used The waves 
are generated by applymg an alternating radial 
electric field between one of the electrodes and the 
conduetmg wall of the tube The measured velocity 
of propagation mereases lmnearly with the axal 
magnetic field strength and 1s m close agreement with 
theory if the 10n density is assumed to correspond 
to all the gas initially ın the tube bemg 1omized 
This work is bemg done by Dr J Wilcox at the 
Radiation Laboratory, Berkeley Among other 
experiments reported m this paper were hydrodynamic 
stability studies by Dr S A Colgate usmg high cur- 
rent pulses through sodium, and simular studies by 
Dr H P Furth usmg plasma and a variety of 
magnetic field configurations 

An important consideration ın the magnetio-mirror 
method of confinement 1s the accuracy of the assump- 
tion that the magnetic moment of a spiralling charged 
particle 1s a constant The prmeiple of mirror 
confinement is based on this adiabatic mvariance, 
and since a confined particle may undergo many 
mulhons of reflexions from the mirrors during its 
contamment, the accuracy required is of a high order 
In experiments by Dr E Lauer of Berkeley, posi- 
tions with energies of the order 1 MeV resulting 
from the B-decay of radioactive neon were shown 
to be contained between magnetic mirrors for 108 
reflexions The distance between the mirrors was 
Im and the Larmor radius of the electrons 6 cm 

Dr I N Golovin of the Institute of Atomic 
Energy, Moscow, gave an account of research into 
magnetic-mirror systems in the Soviet Union He 
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deseribed an experiment on the adiabatic invariance 
of the magnetic moment sumilar in principle to that 
reported by Dr van Atta In this case electrons 
from the radioactive decay of tritium were used and 
confinement for up to 10? reflexions had been demon- 
strated Work had also been done to find the effect 
of azimuthal asymmetries m the magnetic field on 
the number of reflexions It was found that until 
the azimuthal variations m the magnetic field strength 
exceeded about 10 per cent there was no effect on 
this contamment The remamder of Dr Golovin’s 
paper was devoted to a discussion of the work on 
Ogra, the large Russian murror machme Ho stated 
that Ogro was built to study plasma instabilities 
and was designed to produce a hot plasma with a 
density of 10! ions/cm ? if no mstabilities were 
encountered The prmeiple of mjection in this 
machmoe ıs that of dissociation of the mput beam of 
200-keV molecular 10ns through collisions with the 
residual neutral gas m the volume By balancing the 
favourable process of dissociation agamst the unfav- 
ourable one of charge exchange, ıt can be shown that 
a dense plasma will only be formed if the input beam 
current exceeds a certam value, the so-called burn-out 
current The burn-out current for Ogra was cal- 
culated assuming that the background neutral gas 
density was determmed by the ionization of neutral 
gas by fast 10ns and by the release of neutral gas from 
the walls through the mpact of fast particles A 
figure of the order 200 m amp was obtamed for the 
formation of a hydrogen plasma Another assump- 
tion in the calculation was that the path-length of an 
injected molecular 10n moving m the magnetic field 
and failing to make a collision should be not less 
than 105 em before ıt returns to the injector This 
length depends eritically on the magnetic field con- 
figuration and the ion gun alignment, and one of the 
first tasks with the machme will be to optimize these 
A very low initial pressure 1s also required and to date 
the lowest value achieved has been ~ 3x 10-8? mm 
mercury In view of the size of the vacuum chamber, 
15m bore and 20 m long, this represents a con- 
siderable technical achievement The present 10n- 
source gives 150 mamp of molecular ions at 100 
keV Up to the moment only a 30-m amp beam of 
ions has been injected into the machine and the burn- 
out condition has not been achieved Impressive 
photographs were shown of the beam spiralling m the 
magnetic field 

Durmg question time, Dr K W Allen of the Atomic 
Weapons Research Estabhshment, Aldermaston, 
raised the subject of the order of magnitude differ- 
ence in the relevant charge exchange cross-sections 
as measured by Fedorenko m the USSR and by 
Barnett ın the United States Replymg, both Dr 
van Atta and Dr Golovin declared their faith in the 
measurements carried out 1n their respective countries, 
but Dr van Atta hoped that the work would soon be 
repeated in a third and preferably neutral country 
Other points raised durmg discussion periods con- 
cerned the importance of the spectral region 10 A — 
400 A for plasma measurements, the power lost by 
synchrotron radiation from the electrons in a mag- 
netically confined plasma and the need for more work 
on surface bombardment effects 

Finally, Sir George Thomson called for more 
refined experiments, with purer plasma and more 
homogeneous magnetic fields He concluded by 
declarmg his faith in the ultimate solution of the 
problem of obtamung economic power from fusion 
reactions R BICKERTON 
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BRITISH NON-FERROUS METALS RESEARCH ASSOCIATION 


NEW RESEARCH LABORATORIES 


N May 13 Sir Alexander Fleck, chamman of 
Imperial Chemical Industries, Ltd, opened a 
new laboratory block for the British Non-Ferrous 
Metals Research Association at Euston Street m 
London The laboratories have gradually been 
extending on this site sce 1930 and now contam 
about 53,000 sq ft of floor space and house a staff 
of about 180 They serve the needs for co-operative 
research of practically all branches of the non-ferrous 
metals mdustry, and the 40-50 research projects m 
progress cover the production, properties and uses 
of the commoner non-ferrous metals, certain aspects 
of the metallurgy of the metals concerned with 
nuclear energy, and metal finishing 
The new laboratory was made possible by the 
generous response to & building fund on the part of 
the Association's membership of more than 600 firms 
and of the Department of Scientific and Industrial 
Research, which has treated contributions as grant 
earnmg The mam features of the new block are a 
much-enlarged foundry, new corrosion and physics 
laboratories and a new electroplatmg shop Alter- 
ations to existing buildings have enabled a new creep 
testing laboratory to be built which will allow the 
capacity to be doubled to more than 100 units, the 
rehousing of many different types of fatigue testing 
machines m one room, and the provision of more 
space for the General Metallurgy Section ‘This, 
among other things, gives the Section more room for 
vacuum apparatus for the determmation of gases m 
metals 
In the foundry, moulds are now made m one well- 
equipped bay and poured m an adjacent meltmg and 
casting shop The melting equipment consists of five 
gas-fired ift-out crucible furnaces, a gas-fired bale- 
out furnace for research mto die-casting problems, a 
600-Ib low-frequency mduction furnace for studying 
the performance of refractory hnmgs, and also an 
electric resistance furnace and a Ingh-frequency 
furnace each capable of melüng charges of up to 
20 Ib of copper or nickel alloys m vacuum or special 
atmospheres 
From the inception of the laboratories the value 
of physical methods of analysis has been realized and 
the Association's work in developing spectrographic 
analysis of metals to rts present state of efficiency 1s 
well known Recently, the X-ray fluorescence method 
of analysis has aroused considerable mterest and ıt 
appears extremely promising for analysing the major 
constituents m alloys and for the analysis of ores 
and slags Its potentialities are being studied, usmg 
a spectrometer designed by the Physics Section and 
built ın the Association's workshops In the Chemistry 
Section emphasis ıs on the physico-chemical methods 
of analysis, meluding polarography, spectrophoto- 
metry and the use of the flame spectrophotometer 
The Physics Section has two X-ray diffraction sets 
and a variety of special-purpose cameras for crystal 
orientation studies, the identification of phases m 
compounds and other tasks An electron diffraction 
camera 1s avaiable for studying oxide and other thin 
films on metal surfaces 
Instrumentation for automatic inspection and 
process control 1s becoming mereasingly umportant m 


the metal industry, and several studies are bemg 
made of problems in this field They include the use 
of eddy currents for rapid mspection of tubes and 
rods for flaws, an investigation into emussivity 
variations of hot metal surfaces which affect the 
performance of radiation pyrometers, and the 
development of a novel thermo-electric gauge for 
measuring, non-destructively, the thickness of electro- 
deposits 

Research on electroplatmg and alied metal- 
fimshing processes ıs now housed m a large new 
laboratory equipped both for fundamental work and 
for plating on a semu-ndustril scale m pilot plating 
lines Equipment 1s available for measurmg the 
stresses durmg plating, for measurmg cathode 
potentials and throwing power, and for assessing the 
ductility and adhesion of coatmgs Exposure tests 
on plated specimens are carried out on the roof of 
the laboratories, but much work has been done on 
accelerated corrosion tests, mcludimg one m which 
the parts are exposed to a humid atmosphere con- 
taining traces of sulphur dioxide which simulates in 
a few hours the effects of exposmg the parts to a 
city atmosphere for several months 

Many modern plating solutions contain organic 
additions which affect the smoothness, brightness 
and mechanical properties of the coatings in a 
beneficial way Exactly how these organic agents do 
this ıs not known, and typical addition agents pre- 
pared with tracers, such as carbon-14 and sulphur-35, 
are bemg used to study the mechanism of the 
process 

In the Corrosion Section one laboratory is em- 
ployed solely for sea-water corrosion studies, the 
current work bemg concerned mainly with the attack 
on heat-exchanger tubes handling heavily polluted 
estuarine waters m power stations, oil refineries and 
m ships Some of these tests are at controlled 
potentials to sumulate the effects of applied cathodic 
protection The influence of marme atmospheres 
18 assessed by exposure at a site on Hayling Island 
and the laboratory roof site 1s used mainly for 
inland tests Stress corrosion tests are carried out 
at both these sites and there ıs also a special high- 
humidity room for this purpose ım the corrosion 
laboratory 

One of the main uses of non-ferróus metals 1s the 
handling of supply waters, and the effect of water 
composition on the resistance to corrosion of various 
metals ıs being studied at field stations and also m 
the laboratories using synthesized waters 

The General Metallurgy Section, besides carrymg 
out the usual metallographic work, heat treatment 
and constitutional studies, contains a metal-working 
shop with a 12an rolhng mull, a 500-ton press for 
extrusion and forging, a small forgmg hammer and a 
drawbench This section of the laboratories is also 
working on the development of titanium, zirconium 
and thorium alloys and has argon-arc melting 
equipment appropriate for this type of work Special 
apparatus which uses an atmosphere of argon 
for earrymg out long-term creep tests on these 
reactive metals ıs housed in the new creep 
laboratory 
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HIGHER EDUCATION IN EAST AFRICA 


N 1954, a delegation, headed by Dr (now Sir) 

Eric Ashby, was appomted to assist m planning 
the development of Makerere College, Uganda In 
addition to indicating the general scope of the 
development which it thought appropriate, the 
delegation also made reference to the broad problem 
of developing higher education m East Africa as a 
whole Asa result, a working party, under the chair- 
manship of Sir Alexander Carr-Saunders, visited 
East Africa m July 1955, to review in greater detail 
the requrements of higher education Its findings 
were published ın a White Papert, m which the 
Governments of Kenya, Tanganyika, Uganda and 
Zanzibar fully accepted the desirability of further 
university college development, withm the scope of 
a single University of Hast Africa 

A second working party, under the leadership of 
Dr J F. Lockwood, visited East Africa m July 
1958 to examine proposals for the creation of new 
institutions of higher education, m particular within 
the framework of a University of East Africa 

Its report?, recently published, contains four 
main recommendations, which are bemg considered 
by the East African Governments (1) By re-organ- 
ization and extension, the Royal Technical College 
of East Africa, m Nairobi, should, without delay, 
become a university college of a new type, m which 
academic and professional courses of equal standmg 
would have ther place with Faculties of Science, 
Arts, Engmeermg and Special Professional Studies 
(2) That plans should be formed for the establish- 
ment of an inter-territorial university college in 
Tanganyika at Morogoro, to be opened in 1965-66, 
or as soon thereafter as possible (3) That a unrver- 
sity of East Africa should be created by 1966 and that 
the university colleges then existmg, and any which 
may be founded thereafter, should be associated as 
constituent colleges of the university (4) Since 
the carrymg out of these recommendations will 
guarantee adequate provision for higher technological 
and professional traming for some years ahead, no 
additional mstitutions offermg facilities for these 
lands of training should at present be contemplated 


If these recommendations aie accepted the new 
University of East Africa would have as its constitu- 
ent colleges, Makerere College, the Royal College of 
East Africa (the reorganized Royal Technical College) 
and the new university college im Tanganyika 
The report adds “The mter-racial character of the 
colleges we take for granted as an mdispensable 
element in their fully hberal nature and outlook". 
That they should also be wholly inter-territorial was 
likely for many years to be a vital necessity in terms 
both of academic need and of finance 

Iv is suggested that since the college in Nairobi 
would begin rts career as a university college under 
the same system which now applies to Makerere 
College, students of the reconstructed college would 
work for degrees of the University of London, under 
a scheme of special relationship The University of 
East Africa, following its foundation, would grant 
its own degrees, for which students of all the colleges 
would read Since the university college ın Tangan- 
yıka would probably not begm its teachmg until 
after 1966, students of this college would, at the 
outset, read for degrees of the newly established 
university 

Though realizmg that its proposals are modest, 
the workmg party stresses that the cost, 1n terms both 
of capital and recurrent expenditure, will be high, and 
pomts out that the several Governments will be 
unlikely to be able to meet capital expenditure from 
ther own joint resources ‘The compulsion of their 
present circumstances will thus force them to lean 
heavily on expectations of generous grants from 
Colomal Development and Welfare funds ” 

The report concludes with the hope that financial 
help will be forthcoming, for the individual colleges, 
from non-official sources, and pays tribute to generous 
gifts, which the Gandhi Memorial Academy Society 
has made to the Royal Technical College 

C. MORTIMER 


1 Higher Education in East Africa Pp. 123 (Entebbe, 1958 ) 

2 Report of che Working Party on Higher Education in East Africa, 
July Augst 1003 Pp u+48 (Nairobi Government Printer, 
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GLOEOSPORIUM IN APPLE STEM WOUNDS 


WO contributions on Gloeosporvum m apple 

stem wounds have recently appeared (J. Hort 
Sor , 32, No 2, 1959) R O Sharples has reported on 
an mvestigation of the response of apple stems to 
wound infections by the fungus Gloeosporvum peren- 
nans In anatomical studies relating to the establish- 
ment of mfections on apple branches he has shown 
that the defensive mechanism of the host 1ncludes the 
production of suberized barriers by bark phellogens 
and the blocking of xylem vessels by gum deposition 
These responses follow wounding, whether or not the 
wounds are moculated with G perennans, but the 
presence of the fungus delays the response Accord- 
ingly the size and form of lesion induced by mocula- 
tion are largely determined by the effect of the fungus 
im postponing the normal wound healing process. 


This effect, and consequently penetration by the 
pathogen, is greatest durmg the period of host 
dormancy Invasion occurs most rapidly through 
the sieve-tubes and the vessels and fibres of the 
outer xylem , the longitudmal intercellular spread of 
hyphe through the cortex 18 slower 

Intracellular mfection of the pith and medullary 
ray cells occurs m prunmg-wound infections When 
the progress of the infection 1s arrested, the phellogen 
and cambium lay down barriers of callus tissue 
consistmg of parenchymatous outer cells surrounding 
a core of wound wood After the lesion has been thus 
isolated, the fungus persists as a saprophyte and 
eventually forms acervull on the exposed dead 
host tissue A limited spread of infection past the 
suberized barriers occasionally appears to take 
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place by way of the fibre bundles of the inner 
cortex a 

On the same topic, A T K Cooke has observed 
that Gloeosporvum inoculations of pruning wounds 
on apple shoots are unlike branch wounds in that the 
cut tips of shoots are more or less susceptible to 
infection throughout the year, and that, although 
the extent of the infection 1s subject to the same host 
reactions as in lateral branch cankers, the normal 
healing process may be affected by seasonal conditions 
This emerged m a comparison of the behaviour of 
infected pruning cuts made on shoots at comparable 
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times ın successive years Sporulation on infected 
shoots was found to be greater m November than m 
March infections, beginning m both instances after 
one month Infections mitiated durmg July first 
spored m December and produced very few conidia 
Like the branch mfections studied durmg 1953-54, 
the shoot cankers yielded considerable numbers of 
conidia in the warm, wet months of December 1956- 
February 1957 The peak spore collection from the 
shoot cankers was in the June and July followmg 
inoculation, this being also a peak period for sporula- 
tion on the branch cankers 


AIR SURVEYS AND THE SOCIAL SCIENTIST 
By LEO SILBERMAN 


University of Chicago 


O-OPERATION between the air survey team 
on one hand, and economists and social 

surveyors on the other, 1s likely to be greatly extended 
in the near future Durmg the War photo-mterpreters 
had to get along without systematic ground checks, 
and the relative rarity of combined studies of area 
sample surveys usmg questionnaires and air photo- 
graphic coverage must be ascribed to a legacy from 
war-time 

The advantages of combmed operations are dis- 
tributed equally between photogrammetrist and social 
student ‘To the uses already made of air photo- 
graphy, the sights of the social scientists capable of 
mterpolatmg more social and economic mformation 
from the records add further facts to those already 
known To the questionnane survey the air photo- 
graph gives a much greater generality The samples 
can be extrapolated by multiplymg the data for each 
typical unit by the total of this stratum found on the 
photographs This will provide an up-to-date 
sampling frame which m under-developed countries 
(though not only there) ıs usually lacking! By 
defining unambiguously the strata of which a regional 
population is composed, facilitating greater control, 
and allowing the ground surveyor to dispense with a 
large, often ill-educated and sketchily supervised 
staff, a better and speedier report can be furnished , 
this ıs often of great ‘political’ rmportance to the 
chent The time factor 1s sometimes crucial 

Photogrammetrist and sociogrammetrist m such a 
combmed survey make their decisions together on the 
most practical scale of photography , the size of the 
ground sample that will give confidence in the 
statistical estimates , and the planning uses to which 
the results can be put Quantitative information 1s 
only part of the expected findings attention 1s 
often focused on the use made of space and the 
configuration of a neighbourhood However, social 
statistics will always cover a wide field, ranging from 
the count of slum properties to evidence of the spread 
of sleeping sickness 

Air censuses taken of nomads in Palestine in the 
days of the British mandate and the censuses of 
Liberia and of Columbia both taken from the air are 
quantitative assessments of this kmd Land-use 
studies m Malaya, making good use of the expensive 
photographs taken durmg the anti-terrorist cam- 
paigns and supplemented by famuly budget studies 
in that country, can be mapped so that hypotheses 
can be tested with the use of overlays A real 
property mventory 1s essential to a sociogrammetric 


survey but the use of such a survey in national and 
regional income investigations and capital growth and 
change studies 1s still to be fully appreciated 

Regional comparisons are particularly important 
where there are jealousies between areas, and each 
clams self (that 1s, locally based) government, as 
m a number of West African countries, irrespective 
of whether 1t 1s economically feasible By giving the 
discussion some underpmning of fact the scales might 
conceivably be tipped towards a rational economic 
solution By comparisons between cognate regions 
we can appraise to what extent, with like endowments, 
policy or location has made labour and capital more 
productive Is 1t & nearby market, or education, or 
a longer period of peace that explains differential 
incomes of sumilar regions ? The analyst will not only 
wish to discover, as m the Gambia study of the 
Directorate of Oversea Geological Surveys, whether 
more rice 1s grown (a matter of political mportance 
and controversy) but also why more rice 1s grown The 
term ‘survey’ implies study before plannmg <A 
country like Ceylon takmg a measure of its real 
resources, a project of the Colombo Plan, will also 
need to find out about 1ts man-power, both quantita- 
tively and, by the style of houses and state of agricul- 
ture, qualitatively? The Sudan not only wants to 
know where rrigation 1s technically feasible but also 
where there are Sudanese willmg to take advantage 
of the arable land The country cannot absorb a 
lmutless influx of foreigners from the west and 
north without creating a security problem 

Once a clear picture emerges how an area works, 
the siting of a technical college or a new village 
becomes clear In built-up areas of rapid expansion 
pubhe utility companies will want to know where 
and how the towns are spreading, so that offices can 
be strategically located, space reserved, and telephone 
lnes not be mtersected by other services above and 
below ground? The ground survey establishes to 
what extent houses are bemg subdivided and branch 
or mdependent lme subscribers bemg added The 
State of the yards and many other things will tell us 
whether the area 1s improving or deteriorating In 
each area contrary influences are at work, each 
seeking dominance, as they spread from the various 
centres, and the racial strife of so many cities shows 
what bad neighbours peoples of different antecedents 
and standards of livmg make? 

‘Ecological statistics’ can give in figures the area 
*profiles'5, for air photographs do not speak to every- 
one equally eloquently, just as maps and tables are 
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permanent mysteries to some, unable to learn the 
conventions of each idiom or keep standard compari- 
sons in their heads The aggregation of many mdrivid- 
ual values into composite, ecological statistics offers no 
problem to modern computing devices, which also are 
capable of mapping electronically information fed mto 
them by some scanning apparatus m an aeroplane 

Airborne radar, duplicated perhaps with magneto- 
meters and gravitometers, adds to the sensitivity and 
completeness of the record Not only images but also 
radio waves, power points and carbon dioxide can be 
‘photographed’ Infra-red photography picks up 
besides the aeroplane on the airfield the heat of the 
runway and thus the number of planes recently 
started The emphasis ın modern photogrammetry 
has thus shifted from the static physical condition 
to the recordable human transactions 

In brief, there are three chief ways m which such 
a survey can be used 

(1) To supply general social and economic statistics 
such as the presence and growth of industry, 
agriculture, house building, road improvemenis, 
conservation and productivity, cross-checked with 
ground social surveys and nationally or regionally 
collected annual or census statistics 
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(2) The planning of policy and of umprovements 
and services is based on these surveys A deft 
handling of photographic material should be combined 
with opmion studies and other studies on the ground, 
such as traffic and migration counts done by mechani- 
eal or human agents 

(3) The evaluation of policy, that s, the effective- 
ness of any constructive activity This will probably 
be done inereasmgly as part of ordinary photo- 
grammetrie work with the help of someone competent 
m statistics and sociology and with a knowledge of 
the particular part of the world that 1s to be studied 
At a later stage, perhaps, when many different studies 
have been accumulated and compared, the skilled 
social mterpreter may also be able to make useful 
deductions from a study of the photographs unaided 
by ground studies 


1 Silberman, L , Zaire, 68 (1955) 


2? “The Significance of the Canadian—Colombo Plan to the Economic 
donc) BARN of Ceylon" (Hunting Technical Services) (Toronto, 

3 Chicago Aerial Industries have recently done such studies for a tele- 
phone and a gas company Mimeographed reports (1959) 

t Green, N E „and Monier, R B, “Reliability and Validity of Aerial 
Reconnaissance as a Collection Method for Urban Demographic 
and Sociological Information” (Maxwell Air Force Base, 1953) 
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EMISSION OF RELATIVELY HIGH-ENERGY IONS FROM 
LOW-VOLTAGE ARCS 


By E. R. HARRISON 


Atomic Energy Research Establishment, Harwell, Berks 


OME interesting effects have been observed with 
low-voltage arcs for which so far no completely 
satisfactory explanations have been found The 
principal effect observed 1s the emission of lummous 
rays consisting of ions of the cathode material at 
energies much greater than the total potential 
difference across the arc 
In the experiments described below, the arc is 
formed between a tungsten, molybdenum or tantalum 
filament, which is separately heated, and a nickel 
anode at a distance of about 5 cm , and 1s mamtaimed 
in a rare gas, usually argon, at a pressure of 1-50 mm 
mercury The applied potential difference 1s 40— 
80 V and the current ıs 200-500 m amp The arc 
18 thermally constricted or ‘pmched’ to a diameter of 
approximately 5 mm In ares of this kind’ the 
electrons, ions and gas molecules are ın an approximate 
thermal equilbrium at a temperature generally 
of the order of 10! °C The ionization potentials of 
tungsten, molybdenum and tantalum are lower than 
the excitation potentials of the rare gases and m the 
present experiments the arcs therefore tend to con- 
sist of 1ons formed from metal volatilized from the 
cathode? Spectroscopic analysis of the are reveals 
strong W II and W I (Mo II and Mo I) lines but only 
a few faint argon lines 
The first effect observed is that tungsten 1s deposited 
at the point where the arc makes contact with a cool 
nickel anode This deposition occurs even when 
the anode 1s screened from any material evaporated 
directly from the hot cathode The rate of deposition 
on the anode, as determined by activation analyses, 18 
typically 3 x 10-5 gm [sec ~ amp -!, equivalent to 
a tungsten 10n current of 15 m amp im an are of 
lamp It appears that m hot cathode — cool anode 
ares of this type there 1s an efficient mechanism for 





transporting positive 10ns from the cathode to the 
anode against the electric field It 1s evident that 
such a transport mechanism 1s required if the 1ons 
in the are are formed origmally from volatihzed 
cathode material in the immediate vicmity of the 
cathode 

A second effect ıs observed when the are 1s con- 
stricted by a small aperture of }-1 mm diameter m 
a nickel diaphragm placed between the cathode and 
anode, as shown in Fig 1 The cathode 1s now about 
5 em from the aperture diaphragm, and the anode 1s 
about 10-20 cm, or preferentially, the anode has a 
coaxial aperture of 2-3 mm diameter and 1s spaced 
about 5 mm from the first aperture, as 1s shown m 
Fig 1 On the anode side of the apparatus the 
pressure 1s mamtaimed within the range of 10-1 to 
10-3 mm mercury As a result of the constriction, 
impressive lummous white rays are observed pro- 
jecting from the centre of the small aperture into the 
low-pressure region Occasionally, the rays form a 
uniform dirvergmg beam, as in Fig 2, but more often 


High-pressure region, 


Low-pressure region, 
1-50 mm mercury 


102-10-? mm mercury 


2 Positive 


anode 


"Tb ER — 
Are i \ 





Cathode 


Aperture anode 
Aperture diaphragm 


Fig 1 Apparatus for producing a constricted arc which ejects 
energetic positive tons through the aperture anode 
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Fig 2 


Positive tungsten ion rays of approximately 450 eV 
accelerated by an argon arc of 250 m amp and 80 V 


the beam is divided into several individual rays of 
small diameter which flicker and move in synchronism 
with the mstability motion of the are Spectroscopic 
analysis of the deposit formed by the rays incident 
on a receiving target shows that the rays consist of 
tungsten atoms On changing the cathode material 
to molybdenum, the deposit formed by the rays is 
found to consist only of molybdenum, but the 
luminosity of the rays ıs unaltered and ther colour 
only very shghtly affected 

Electrostatic and magnetic deflexion experiments 
establish the surprising fact that the rays are positively 
charged and have energies greater than the potential 
difference across the are The accelerated ions are 
reasonably monoenergetic and have an energy in the 
range 100—750 eV , depending on the conditions of 
theare With an aperture reduced to }mm diameter 
and a pressure of 80 mm mercury m the are, tungsten 
ion rays with energies greater than 1,000 eV have 
been observed with a potential difference of only 
60 V across an arc of 500 m amp Rays may also be 
observed when the pressure 1s as low as 1 mm 
mercury, m this case the are develops only m a 
lumited region adjacent to the aperture m a form 
reminiscent of a ‘ball of fire’? The rays are not so 
easy to produce when the supporting gas ıs either 
helium or neon, possibly because the arc currents m 
these experments are limited to relatively small 
values With krypton and xenon the rays are pro- 
duced as readily as in the case of argon 

Drificulty 1s encountered when attempts are made to 
measure electrically the current m the tungsten ion 
rays, not only because of secondary electrons but 
also because there 1s apparently an electron flux 
which 1s not easily eliminated Activation analyses 
of deposits formed by the rays incident on a target 
show that m a typical case there 1s a total flux of 
0 4 x 10-* gm [sec -1 amp -1 equivalent to 0 2m amp 
m an arc of lamp This 1s consistent with the fact 
that a large fraction of the tungsten migrating towards 
the anode 1s deposited around the aperture More 
intense fluxes, up to 1 mamp per ampere of arc 
current, can be achieved by applymg an alternating 
potential difference of 20—50 V between the cathode 
and an enclosing cylindrical electrode The flux and 
lummous intensities do not appear to be critically 
dependent upon the frequency 1n the range 104 to 107 
e [s , and ıb is possible that the increase m intensity 
18 due to the enhanced fluctuation movements induced 
in the arc 

Potential fluctuations of up to 20 V. of the electrodes 
and movable probes have frequencies of 10*-105 c js. 
with a wide spectrum of ‘hash’ supermnposed The 
fluctuations in lummosity of the rays as detected 
by a photomultipher are similar to those of the arc 
and reveal frequencies m the same range as the 
potential variations The emission spectrum of the 
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rays is predommantly W II, or in the case of a 
molybdenum cathode, Mo II 

A third effect observed 1s that the rays frequently 
Show a pronounced variation in intensity of lumin- 
osity along their length Thus, if the rays are pro- 
jected into a region of low pressure of 10-? mm 
mercury, 1n a typical case all rays are bright for the 
first 25 em , the lummosity then becomes famt 
for about 0 5 em, and then abruptly mcreases in 
intensity and thereafter dımınıshes slowly up to 
distances as great as 30 cm 

A completely satisfactory explanation has not been 
found for all the effects described The lummosity of 
the rays 1s most probably due to charge exchange 
between the tungsten (molybdenum or tantalum) 
ions and the supporting gas, the abrupt variations 
in the lumimosity, however, are not understood The 
mechanism responsible for próduemg the positive 
anode rays 1s most probably associated m some way 
with the transport of 10ns m the are from the cathode 
to the anode The oscillatory or ‘hashy’ nature of the 
arc may be an essential self-sustamung feature: 
Thus, sound waves wil be propagated with a phase 
velocity of (ykZ'/m)!/2, where ms the mass of the atoms 
of the supporting gas, and one possibility 1s that the 
electric fields produced by the separation of the 
electrons and ions are sufficiently large to cause a 
fraction of the ions to move with a drift velocity of 
approximately (eXEsmo/[m)!!* m phase with the sound 
waves, where à 1s their mean free path, Æ 1s the oscil- 
latory electric field, and » ıs the phase angle 
Experiments designed to detect the propagation of 
signals along the arc at the phase velocity of sound 
have not been entirely successful, and the evidence ıs 
meagre and unconvineing Possibly the arc is m a 
turbulent state, and generates and propagates sound 
waves only over small distances 

If disturbances of approximately 1 mm  wave- 
length are propagated m the are, the potential fluctua- 
tions suggest that the associated electric fields are of 
the order of 400 Vem~-! In the region of the con- 
striction the oscillatory electric field might be 
expected to increase inversely as the diameter of the 
are, giving a value of 6 x 10? V cm -! if allowance 
is made for the fact that the are 1s smaller than the 
constricting aperture It ıs therefore possible that 
the ions gain their energy of several hundred electron 
volts from the oscillatory electric fields in the con- 
stricted region of the are 

Energetic 10ns of several hundred electron volts 
have been observed elsewhere5 m high-eurrent, low- 
pressure ares in magnetic fields used in the DCX experi- 
ments However, the are conditions are considerably 
different and the accelerating mechanism 1s not necess- 
arily of the same kind as that proposed above 

Acknowledgments are made to Mr J D Lawson, 
Prof A von Engels, Dr P OC Thonemann and 
Dr S A Ramsden for their suggestions and mterest, 
to Mr D H F Atkms for the activation analyses 
and to Mr F T Birks for the speetroscopie analyses 
of the ray deposits 
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TEICHOIC ACIDS FROM BACTERIAL WALLS 


From THE DEPARTMENT OF CHEMISTRY, KING’S COLLEGE 


(UNIVERSITY OF DURHAM), 


NEWCASTLE UPON TYNE 


Composition of Teichoic Acids from 
a Number of Bacterial Walls 


NVESTIGATIONS on the function of the nucleo- 

tides cytidine diphosphate glycerol! and cytidine 
diphosphate ribitol? led to the discovery of a new 
group of natural polymers, the teichoie acids, m the 
walls of certam bacteria? In Bacillus subtilis the 
teichoie acid is of the type shown m formula (1), 
whereas that m Staphylococcus aureus has the related 
structure (2), m which the sugar component is 
glucosamme That from Lactobacillus arabunosus 18 
of the type (1), but some of the ribitol residues bear 
two glucosyl substituents, whereas others are un- 
substituted by glucose A more detailed discussion 
of ther structure and relationship with cytidine 
diphosphate ribitol has been given elsewhére4 





| 
[alanyl-glucosyl-ribitol 


O—P—OH 
| 





—'n 


(1) 


a e aa | 
O—P-— OH ! 
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| 
{alanylglycerol 
O=P—OH 


| — h 
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We had intended to confine the term ‘teichoic acid’ 
to those polymers of rıbıtol phosphate of the general 
structure (1) or (2) found in bacterial walls A more 
extended survey of other organisms (see Table 1) has 
shown that some bacteria contem a new type of 
teichoie acid m which ribitol has been replaced by 
glycerol Prelmmary studies on the hydrolysis of 
these glycerol derivatives by acids, or by alkali 
followed by prostate phosphatase, show that they 
have the structure (3) Visual chromatographic 
estimation indicates that they represent more than 
30 per cent of the wall m some cases Consequently, 
the restricted nomenclature origmally adopted must 
now be modified to include all polymers of the types 
(1), (2) and (3) 

The polyol phosphate derivatives m walls of L 
arabunosus and B subtiles are clearly ribitol-teichoice 
acids of the type (1), and no trace of a glycerophos- 
phate polymer has been detected m these walls 
All strains of Staph aureus examined so far contam a 
ribitol-teichoie acid (2); but these walls also contain 
either traces, or m one case a considerable amount, 
of a glycerophosphate polymer Similarly, walls of 
Streptococcus faecalws contain a ribitol teichoic acid 
of the type (1) and a glycerophosphate polymer 


It is interesting that L caser, L delbruckw, L 
bulgaricus, Staph albus, and Staph citreus, unlike 
the other lactobacilli and staphylococc: examined so 
far, contain glycerol-teichoic acid but no trace of a 
ribitol-teichoie acid The compound from Staph 
albus and Staph citreus was present m them walls, 
but preparations from whole cells were used for the 
work on the three lactobacilli and ıb 1s not known 
whether the teichoic acid in these preparations origin- 
ated from the walls The compound from L caser 
1s of the type (3) m which alanine ıs attached to a 
polymer of glycerophosphate The amount of hexose 
In preparations of this material 1s very small and we 
have been unable to demonstrate any glycosylglycerol 
Imkages It seems hkely that all the glycerol- 
teichoie acids ın the bacteria listed will be of type 
(3), but the presence of glycosyl residues is still 
possible 1n some cases 

In addition to the organisms discussed here, a 
number of others yielded small amounts of glycero- 
phosphate on acid hydrolysis of their walls There 1s 
evidence that polyols other than ribitol and glycerol 
are present together with these in teichoie acid pre- 
parations from some organisms, and sugars other 
than glucose or glucosamme may occur 

Extracts prepared from whole cells of all organisms 
exammed contained a glycerophosphate polymer, 
even when no such polymer was present m the 
isolated walls It 1s not known whether this 1s a 
teichoie acid of type (3) which has been lost from 
the walls during ther preparation or whether ib 1s 
associated with other cell structures 

In contrast to the variations m polyol and sugar, 
the only ammo-acid found in purified preparations 
of teichoic acid 1s alanme This ammo-acid isolated 
from teichoic acid from L arabwnosus and Staph 
aureus has the D-configuration^ It was shown earlier 
that the alanyl residues are m ester hnkage and 1t 1s 
now found that the labihty of these residues (half-hfe 
5 mm at 37°, pH 7 2, 1 1 M hydroxylamme) in 
neutral salt-free hydroxylamune solution 1s comparable 
to that of ammo-acids bound to ribonucleic acid 
(half-life 3 mm at 30°, pH. 7 2, 0 8 M hydroxyla- 
mune); The alanine ester linkages are therefore 
much more reactive than normal amino-acid esters 
which do not react significantly with hydroxylamme 
under comparable conditions?’ 





Table 1 

Type of polymer 

Glycerol Ribitol 

Lactobacillus arabwosus 17-5 — Tc 
L casew(A'T C 7469) + = 
L delbruckw (N CI B 8608) + — 
L bulgarwus (N CY B 76) t = 
Staphylococcus aureus H trace + 
Staph aureus (Duncan) trace + 
Staph aureus (Oxford) + + 
Staph cureus + = 
Staph albus (NCTC 7944) + — 
Bacillus subtilis (vegetative form) — + 
Escherwhi coh (Type B) trace — 
Corynebactervum xerosis T » 
Streptococcus faecalis (A T C. 9790) + + 
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D-alanine has been demonstrated as a character- 
istic component of a number of bacterial walls®-?° 
Snell Radm and Ikawa! showed that m Strep 
faecalis about 40 per cent of the D-alanine of the walls 
can be extracted with hot trichloroacetic acid m a 
bound form which 1s described as "especially labile 
to alkalme hydrolysis" The similarity in properties 
and method of extraction of this material and of 
teichoie acid suggests that these authors had obtamed 
preparations contamung teichoie acid 

The unifymg feature m all teichoic acids 1s the 
presence of alanme ester lmkages If we confine this 
nomenclature to polymers of types (1), (2) and (3) 
contammg such lnkages, they are thus distinct from 
simple glycerophosphate polymers prepared from 
bacterial walls and membranes!, although it 1s 
possible that the latter have origmated from teichoic 
acids by loss of alanme groups durmg isolation 

We thank Drs M R J Salton, G D Shockman, 
E P Abraham and D E Hughes for samples of 
bacterial walls and for advice on their preparation 
This work was supported by grants from the Medical 
Research Council, the Nuffield Foundation and the 
Rockefeller Foundation 

J J ARMSTRONG 
J BADDILEY 

J G BUCHANAN 
A L Davison 
M V KELEMEN 
F C NEUHAUS* 


Structure of Teichoic Acid from the 
Walls of Bacillus subtilis 


THE walls of Bacillus subtehs contain a large 
amount (about 50 per cent of their dry weight) of a 
teichoic acid* in which alanyl-glucosyl-ribitol residues 
are joined together through phosphate groups to 
form a polymer Previous work had shown that 
each ribitol residue bears one glucosyl substituent 
and one alanine group m ester linkage with either a 
sugar- or ribitol-hydroxyl group Recent findings 
indicate that the alanyl residues have the D-configura- 
tion 1n teichoic acid from Staphylococcus aureus and 
Lactobacillus arabwosus?, and ıt 1s possible that the 
compound from B subtelts will be a D-alanine deriva- 
tive 

Hydrolysis of the teichoic acid from this organism 
with alkalı and then prostate phosphomonoesterase 
gave a sigle glucosylribitol, but the scale of opera- 
tions was small and this compound was not isolated‘ 
From a larger-scale experiment crystalline glucosyl- 
ribitol has been obtained m high yield, mp 137- 
138°, [«]p — 28 6° (c, 0 1 m water) (found C, 
418, H, 76  C,;H,,0,, requires C, 420, H,71 
per cent) It seemed unlikely that the glucose was 
attached at the terminal 1(5)-position of the ribitol, 
since periodate oxidation, followed by reduction of 
products with sodium borohydride and then acid 
hydrolysis”, gave glycerol but no ethylene 
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periodate and gave 1 mol of formaldehyde and 
9 mol of formic acid, 1t follows that the glucosyl 
substituent must occupy the 2- or 4-position on the 
ribitol The compound was readily hydrolysed to 
glucose and ribitol by a f-glucosidase, and its specific 
rotation agrees well with those reported for -D- 
glucosides 

The trialdehyde formed by periodate oxidation 
contains two glyceraldehyde residues, one origmating 
from the glucose and the other from the ribitol That 
from the glucose must have the D-configuration, 
whereas that from the ribitol would have the D-con- 
figuration if the glucosyl substituent were originally 
at the 4-position on the ribitol, or the L-configuration 
if the glucosyl substituent were origmally at the 
2-position Consequently, the structure (5), arising 
from 4-§-D-glucopyranosyl-D-ribitol (4), would be 
optically active, whereas the isomeric structure from 
2-8-D-glucopyranosyl-D-ribitol would be a meso- 
compound 

The periodate-oxidation mixture exhibited a low 
positive rotation after removal of ions, even when 
kept for several hours under acidic conditions at room 
temperature It was possible, however, that cycle 
acetal formation in the trialdehyde might mvalidate 
conclusions on its steric configuration. Conse- 
quently, the aldehyde was oxidized with bromine to 
the correspondmg tricarboxylic acid Without 
isolation this was hydrolysed with acid, and the result- 
ing glyceric acid was examuned polarimetrically as 
165 ammonium salt m the presence of molybdate 10ns!* 
A positive rotation was observed even from the small 
amount (82 3 mgm ) of glucosylribitol used in these 
experiments It follows that the trialdehyde has the 
structure (5), and hence the structure (4) 1s estab- 
lished for the original glucosylribitol 

Ib 1s mteresting that teichoic acids from different 
organisms may vary ın the configuration of their 
glycosyl residues The teichoie acid from Lacto- 
bacWlus arabinosus*, and the monoglucosylribitol 
obtained from 1t, are unaffected by B-glucosidase and 
have the specific rotations expected from «-glucosides 
(experments with Dr A R Archibald) 

A sample of teichoic acid from B subhs was 
treated with ammoma under mild conditions to 
remove the alanine residues, and the product was 
oxidized for 24 hr with periodate Not more than a 
trace of anhydroribitol, and no ribitol derivatives, 
were detected in an acid-hydrolysate of the oxidation 
mixture, thus indicating the presence of unsubstituted 
glycol groups in the ribitol residues It follows that 
the phosphodiester hnkages must be situated at 
positions 1 and 5 or 3 and 5 on the 4-glucosylribitol 
units 

The teichoic acid in this organism almost certamly 
origmates from cytidme diphosphate ribitol? This 
nucleotide contams a D-ribitol 5-phosphate residue!? 
which ıs apparently transferred mtact into the 


polymer 


glycol Moreover, if the glucosyl residue 
was attached to position 3 in ribitol the HO H,C— — -os OR HO io ono 
compound should give a yellow colour on 
paper chromatograms sprayed, with the HO H,C O OH OH HO H,C o 
periodate-Schiff reagents for glycols! | o ——-0 
The glucosylribitol gave the normal purple l N p. 
colour in this test, thus mdieating the K OH > OHCG 
absence of the glucose at the 3-posrtion HO N 7 
The structure 4-B-p-glucopyranosyl-p- i— OHC 
ribitol (4) was estabhshed by periodate OH 


oxidation It consumed 4 mol of 


(4) (5) 
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TE m Ped 3 is groups in the ribitol residues. 
OH Quo loe. : | i l a The formaldehyde liberated 
2 | | | CH,.0 ces ee E. ui M in this experiment presum- 
O OH OH Ó OH OH Ó ably originated in a terminal 


ribitol residue ; but moleeular 
weight estimations based on 
the amount of formaldehyde 
produced may not be re- 
liable. 

The presence of a trace of 
ribitol in a dephosphorylated 
alkali-hydrolysate of this tei- 

J choie acid suggests that a 








(6) 








; Alkaline hydrolysis of the teichoic acid occurred 
'eadily and completely, giving a mixture of mono- 
osphates of glucosylribitol ; only traces of diphos- 
tes, and no phosphodiesters, were detected 
nong the products. All the glucose was released 
m this mixture by a f.glueosidase, the other 
oroduets being ribitol 1- and 2-phosphates; these 
ohosphates were identified chromatographically!*. 
s noteworthy that the enantiomorphs, ribitol 
: and 4-phosphates, would be indistinguishable 
_ from the l- and 2-phosphates on paper chromato- 
_ grams, but nevertheless could not have been formed 
by the action of alkali on a polymer of 4-glucosyl- 
ribitol 5-phosphate. Asno trace of the readily identifi- 
ble ribitol 3-phosphate was detected among the 
roduets it follows that the phosphodiester linkages 
re at positions 1 and 5 in the polymer (6). 
_. The structure (8) for this teichoie acid was con- 
_ firmed by removal of alanyl residues with ammonia, 
| purification. of the resulting polymer by passage of 
the solution through a column of "Dowex-50' resin, 
oxidation with periodate. For every 3 mol 
f periodate consumed, less than 0-2 mol. of formalde- 
yde was produced, thus indicating the almost 
complete absence of unsubstituted 1,2-(or 4,5-) glycol 











































very small proportion of the 

ribitol residues in the polymer 

lacks the glucosyl substi- 

tuent. The location of such 

residues, and the location of' 

the highly reactive alanine 
ester groups, are not yet known. 
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RESIDUAL BODIES OF SEMINIFEROUS TUBULES OF THE RAT 


By B. V. KINGSLEY SMITH and Dr. D. LACY 


Department of Zoology and Comparative Anatomy, St. Bartholomew's Hospital Medical College, 
University of London 


UST before sperms pass down the seminiferous 
tubules of the rat and various other mammals, 
they each cast off a small mass of material to which 
_ Regaud? gave the name “residual body". We have 
| been investigating the formation, composition and 
fate of residual bodies with the view of determining 
their function. Modern histochemical and cytological 
techniques and both light and electron microscopy 
have been employed. 










Light Microscope Observations 


Evidence was obtained first which strongly sug- 
gested that residual bodies are of composite origin 
and structure. To clarify this problem, composite 
staining techniques of the kind described by Lacy? 
were utilized. . ‘Tissue was fixed according to the 
schedule given by Baker? and embedded in gelatine. 





Sections 3u thick were affixed to gelatinized slides, 
and (a) impregnated with silver to show mitochon- 
dria’, (b) coloured with sudan black B to show 
lipids, and (c) stained with pyronin-methyl green‘ to 
demonstrate basophilic material. The silver tech- 
nique also revealed the Golgi remnant. 

Within spermatids which had started to elongate 
we observed mitochondria, small lipoidal bodies, very 
fine basophilic granules and Golgi remnant. In older 
spermatids, with their elongate nuclei lying near the 
tubule lumen, we observed scattered mitochondria 
(distinct from those forming the mid-piece). . Also 
present were lipoidal bodies generally of larger size 
than seen in younger spermatids, and aggregating to 
form mulberry-shaped clusters. Basophilie granules, 
less numerous but larger than in younger spermatids, 
and Golgi remnant, also occurred. At a later stage 
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to above consists of, or contains, 
ribonucleic acid. The lipoidal 
bodies which occur within sperma- 
tid eytoplasm, and form part of the 
residual bodies, do not respond 
positively to Baker's* acid hzematin 
test for phospholipins nor to 
Schultz's* test for cholesterol. The 
same negativo responses for both 
tests are also given by the lipoidal 
bodies within Sertoli cells. 


Electron Microscope 
Observations 
Tissue was fixed in 1 per cent 
osmium tetroxide buffered to pH 


Fig. 1. Mi h showing a late stage in the formation of a residual body, Æ, end 7:37. It was then embedded in a 

A icrograph showing a late stage in the formation of a body. , endo- .€ TA : r 

pismuío reticulum ; L, lipoidal scp M, mitochondrion; RN A, aggregate of particles 1:3 mixture of n-methyl j and 
containing ribonucleic acid, (x c. 7,300) n-butyl methacrylate, sectioned 


in spermatid development all the above-mentioned 
inclusions had concentrated within a small lobe of 
cytoplasm near the base of the nucleus. Just before 
the mature spermatid is shed, this lobe of cytoplasm 
is cast off and becomes spheroidal in shape. The 
spheroidal bodies which arise in this way clearly 
correspond to the residual bodies of Regaud. Each 
residual body is bounded by a membrane derived 
from the cell membrane of the corresponding mature 
spermatid. Within, and close to, the limiting mem- 
brane lie two or three small groups of granular 
mitochondria, several lipoidal bodies (sometimes 
arranged in crescent fashion) and Golgi remnant. 
The greater part of each residual body is occupied 
by a comparatively large, eccentrically placed mass 
of strongly basophilie material. 

Soon after the sperms have been shed the residual 
bodies migrate peripherally. As precisely as could be 
determined by light microscopy, this appeared to be 
due to phagocytosis by Sertoli cells. Afterwards, 
the residual bodies come to lie close to Sertoli nuclei 
nt the border of the tubule. 

Changes occur within the residual bodies both 
during their peripheral migration and while they are 
at the periphery of the tubule. The first sign of these 
changes is the appearance of minute vesicles about 
0-3u. in diameter which form along the edges of the 
basophilic material. During their movement towards 
the periphery the residual bodies become reduced in 
size, their diameter decreasing from about 10p to 5u. 
Finally, there is a loss in basophilia and then all that 
can be seen is the limiting mem- 


brane, some mitochondria and 
lipoidal bodies, and the Golgi 
remnant. After this stage it is 


impossible to identify the residual 
bodies with any certainty. How- 
ever, accompanying and following 
upon the ‘end’ stago, lipoidal bodies 
of about the same size as the 
residual bodies, and in the same 
general location, appear within the 
Sertol cells. We have studied the 
residual bodies at this time to see 
if they become converted into the 
lipoidal bodies described above. 
What may be transitional stages 
have, in fact, been observed, but 
only very rarely. 

Histochemical tests have shown 
that the basophilie material referred 


Some of the residual bodies (RB) are comparatively intact. 
absorbed and appear irregular in shape (RB). 


with a glass knife and examined in a 
Siemen's Elmiskop Ia. Due to the comparatively 
small size of the residual bodies and the fact that 
they occur only under certain physiological con- 
ditions a great deal of material has had to be 
examined to find even the more important stages 
referred to above. 

Observations made by electron microscopy are in 
accord with those made by light microscopy. In 
addition, finer details have been seen. During late 
formative stages (Fig. 1) the mitochondria are 
irregular in shape and characteristically cluster 
around a local concentration of endoplasmic reti- 
culum. Adjacent to these elements is a group of 
osmiophilie granules which correspond to the lipoidal 
bodies seen under the light microscope. The Golgi 
remnant consists of & few paired membranes in 
parallel arrangement and aggregates of many small 
vesicles enclosed by two or more membranes. Near 
the inclusions just described occur one or two 
particulate masses, spheroidal in general outline and 
corresponding to the ribonucleic acid granules seen 
by light microscopy. At a later stage in the formation 
of the residual bodies the mitochondria are either 
greatly elongated and constricted in the middle (as 
though in a process of division) or are small, dense 
and spheroidal. The endoplasmic reticulum appears 
to consist of membranes delimiting vacuoles of 
various sizes. The basophilic material consists of one 
large mass of fine particles. 

Studies by electron microscopy have confirmed 
quite definitely that the residual bodies are phago- 





Fig. 2. Micrograph showing residual bodies within Sertoli cells at the border of a tubule. 


Others have been largely 
P, primary spermatocyte: S, Sertoli 


cell. (x e. 7,300) 
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cytosed by the Sertoli cells Wuthm any one Sertoh 
cell, even m ultra-thin sections, we have observed up 
to six residual bodies Each residual body ıs enclosed 
by a variable number (1-4) of fine membranes 
When the body reaches the edge of the tubule the 
limiting membranes are no longer continuous 
Residual bodies at the periphery contam the same 
basic constituents as those seen m the last stages of 
their formation m the tubule lumena Later, the baso- 
philic material and various other components are 
absorbed until all that remains ıs an irregular-shaped 
body which 1s mtensely osmiophile and presumably 
hpoidal (Fig 2) About this time a peripheral rmg 
of lipid can be demonstrated in Sertoh cells by the 
use of appropriate light microscopical techniques 
When the residual bodies come to he close to the 
Sertoh nuclei (adjacent to the tubule tissue) changes 
occur both within the Sertoli cytoplasm and m germ 
cells Within the Sertol: cells appears the peripheral 
ring of lipid mentioned above — Mitochondija either 
increase in number or become concentrated peri- 
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pherally The cytoplasmic matrix (as seen under the 
electron microscope) becomes very dense The young 
spermatids start to elongate and become more deeply 
enclosed by Sertol| cytoplasm There ıs an increase 
in chromatin content of the nucle: of type B spermato- 
gona tis possible that the residual bodies produce 
in the Sertoli cells some 1nfluence that may serve to 
trigger off the changes in the germ cells as reported 
above The 1esidual bodies would then be responsible 
for the local control of spermatogenesis This 1s now 
being investigated further 

We are grateful to the Wellcome Trust for a grant 
to purchase an electron mucroscope and to St 
Bartholomew's Hospital and Medical College for 
further financial help 
? Regaud, C , Arch Anat Micro 4, 101 (1901) 
*Lacy,D,J Roy Mwro Soc , 78, 201 (1054) 
3 Baker, J R , Quart J Muro Ser , 90, 203 (1949) 
1 Brachet, J , Arch Biol (Paris), 58, 207 (1942) 
' Baker, J R , Quart J Micro Ser , 88, 463 (1947) 
* Schultz, A , Centralb Allg Path u Path Anat , 35, 314 (1924) 
? Palade, G E,J Eup Med , 95, 285 (1952) 


GROWTH RESPONSES TO SELENIUM IN LAMBS 


By Dr J W. McLEAN, G. G THOMSON and J. H CLAXTON 
Canterbury Agricultural College, Christchurch, New Zealand 


NTIL recently, selenium as a dietary constituent 

was regarded as of significance only when it 
occurred in excess of certam well-defined lımıts In 
selenium poisoning areas, about 5 ppm in herbage 
1s considered to be the tolerance limit for livestock? 
It has now been shown? that selenrum in organic 
and morganic form has high protective powers against 
necrotic liver degeneration 1n the rat and mouse, and 
exudative diathesis m the chick fed basal diets 
deficient m vitamm E and contammg a high propor- 
tion of Torula yeast, protection bemg obtained 
respectively with 0 04 p prm and 0 1 pp m of selen- 
ium in the ration It has been shown also in the 
chick that selenium is a required nutrient necessary 
for normal growth as well as for the prevention of 
exudative diathesis® 

So far as large animals are concerned, there 1s 
evidence to mdicate that sodium selenite fed to 
pregnant ewes at the rate of 0 1 ppm of selemum 
in the ration will protect thew lambs agamst muscular 
dystrophy (white muscle disease)^? 

Furthermore, trials conducted in the South Island 
of New Zealand? suggest a protective action of selen- 
1um when grven to the lambs themselves, ın naturally 
occurring outbreaks of a type of muscular dystrophy 
affecting young lambs 

Arismg from the idea that subclinical muscular 
dystrophy might be one of the factors responsible 
for the slow growth-rate of weaned and unweaned 
lambs commonly observed m the South Island—a 
condition. known locally as ‘11l-thrift’—we commenced 
trials to investigate the possible effects of selenium 
supplements on the growth-rate of various classes of 
lambs on the College farms This communication 
records the observations made to date 

All lambs were mdividually identified with ear- 
tags, divided at random into treatment and control 
gioups, and weighed at mtervals of 2-3 weeks 
Selenrum was given as sodium selenate by subcutane- 
ous injection in sterile water at the rate of 1 0 mgm 


selemum every 7-10 days  Lambing commenced 
about the begmning of August, and weanimg occured 
m the first week of December 

The first three trials involved pure-bied Romney, 
Borde: Leicester and Corriedale ram and ewe lambs 
reared on the College home farm The fourth trial 
was carried out on Corriedale wether lambs biought 
on to the College farm from the same farm on which 
the fifth trial was conducted (Ashley Dene farm) 

Mean live weights and gains are set out m Table 1, 
with the numbers of lambs in each group given m 
brackets 


Table 1 MEAN LIVE WEIGHTS AND GAINS (LB) 


Trall  Romneys 
Date 9 10 58 22159 Gain 
Selenium 30 5 (94) 69 4 38 9 
Control 31 5 (88) 66 3 3848 
Difference 1n 105 days 4 1** 
Trial2 Border Leicesters 
Date 19 10 58 22 1 59 
Selenium 51 2 (49) 792 28 0 
Control 50 3 (47) 71 9 216 
Difference in 95 days 6 4** 
Tri313 — Corrredales 
Date 211158 22 150 
Selenium 46 6 (61) 631 165 
Control 47 4 (59) 60 9 135 
Difference 1n 02 days 9 0** 
Trial4 — Corriedale wethers 
Date 111158 12 2 59 
Selenium 52 2 (20) 74 5 22 3 
Control 52 2 (20) 67 8 15 6 
Difference in 93 days 8 ye 
Trial 5 — Corriedale (mixed sex) 
Date 31158 2259 
Selenium 40 6 (23) 78 8 37 7 
Control 41 6 (21) 68 6 27 0 
Difference 1n 91 days 10 7** 


** Significant at 1 0 per cent level 


Analyss of variance shows that the differences in 
gains m hve weight are highly significant (P « 0 01) 
in all trials The magnitude of these responses varies 
considerably, bemg greater ın general m the lambs 
from the Ashley Dene farm The response 1s 1apid, 
evidence of increased growth bemg observable 1n all 
groups in 2-3 weeks after treatment commenced. 
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Further, 15 appears to be a continumg one, although 
the duration of some of the trials 18 obviously short 

Explanation of the mode of action of selenium in 
producing a growth response under these conditions 
must at the present time be rather speculative 
There can be little doubt now that traces of selenium 
are required by the animal for normal metabolism, 
that vitamin E and selenium are mterrelated m their 
metabolic functions, and that vitamm E cannot 
completely replace the need for selenium The growth 
responses in lambs may therefore be taken as an 
indication of a specific selenium deficiency, one 
manifestation of which is a slowmg up of growth, 
and another & predisposrtion to muscular dystrophy 
and possibly other conditions ın which the metabolism 
of vitamin E ıs involved 

This concept 18 m conformity with the known distri- 
bution of naturally occurring outbreaks of exudative 
diathesis 1n chicks and white muscle disease in lambs®, 
both of which, m New Zealand, are almost entirely 
restricted to the South Island 

In this respect ıt 18 of interest to note that the 
groups of lambs giving the greatest response (trials 4 
and 5) came from flocks m which losses from white 
muscle disease had occurred earlier in the season 
before these trials commenced (4 out of 600 for trial 
4 and 7 out of 51 1n trial 5) 

At the other extreme, m the pure-bred lambs on the 
College farm, only one death occurred from white 
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muscle disease, there were no other signs of tho 
disease in the 580 lambs born this season, nor has 
there ever been any history of the disease on this 
farm Selenium responses have therefore been 
obtained, not only m lambs from areas where white 
muscle disease 1s common, but also where 1t has been 
extremely rare 
On the other hand, the College farm has had a 
history of so-called ‘ill-thrift’ of varymg degrees of 
severity over the past three years Just what part, 
if any, selenium deficiency plays m the ‘ill-thrift’ 
syndrome in this area ıs not as yet clear That it 
may be a factor of some importance is indicated by 
the data presented in these trials 
This 1s a preliminary report only and final results 
will be published elsewhere 
! Garner, R J, “Veterinary Toxicology" (Bailliére, Tindall and Cox, 
London, 1957) 
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CARBOHYDRATE — AMINO-ACID INTER-RELATIONS IN BRAIN 
CORTEX IN VITRO 


By M M KINI and Pror J H QUASTEL, FRS 
McGill-Montreal General Hospital Research Institute, 3619 University Street, Montreal 


T 1s now well known that when radioactive glucose 

is metabolized by bran cortex ın vitro, radioactive 
amimo-acids are formed! A mince of the bram of 
one-day-old mice when meubated with glucose 
uniformly labelled with carbon-14 meorporates 
radioactivity in all ammo-acids of bram protem 
with the exception of threonine! Rat bram cortex 
slices can convert “C-glucose into labelled glutamic, 
aspartic and y-ammobutyric acids? When 1C- 
glucose 1s injected intraperitoneally mto one-day-old 
mice, radioactivity is found in aspartic and glutamic 
acids and in alanine ın the bram protems? It is 
evident that glucose, durmg its normal metabolism 
in the brain, produces intermediates—presumably 
the a-ketonic acids—that undergo conversion to 
amino-acids largely at the expense of organic nitrogen 
already available in the bram cell Such ammo- 
acids must play a part not only 1n the various biosyn- 
thetic operations of the nerve cell but also in the 
maintenance of ionic balance m the cell It ıs there- 
fore of mmportance to understand more fully than ıs 
known at present the precise relations existing 
between sugars and ammo-acids m the bramm, and the 
manner in which these relations may be affected 
by substances that influence brain metabolism 
Among such substances are potassium ions, which have 
long been known to exert profound effects on the 
metabolism of nerve cells Cationic balance is a 
factor of fundamental 1mportance for the metabolism 
of bram, both aerobically? and anaerobically’ 


We have therefore carried out experiments to 
ascertain the effects, on the formation of amıno- 
acids from glucose in the bram cortex ın vitro, of those 
concentrations of potassium 10ns that produce optimal 
stimulation of respiration, of a neurotropic drug 
such as amytal and of a respiratory inhibitor such as 
sodium malonate The expermments have been 
carried out not only to throw more light on the mode 
of action of these substances but also to indicate the 
importance of the consideration of the amino-acids as 
part of the over-all metabolism of sugars m the 
nervous system 

The experimental work was carried out with the 
conventional Warburg manometric apparatus Slices 
of rat brain cortex weighing approximately 90 mgm 
were incubated in a medium of the following com- 
position sodium chloride, 128 mM, potassium 
chloride, 5 mM, calcium chloride, 3 6 mM, mag- 
nosium sulphate, 1 3 mM , disodium hydrogen phos- 
phate, 10 mM brought to pH 7 4 with N hydrochloric 
acid The final volume was 10 ml. and each flask 
contamed 5 mM glucose uniformly labelled with 
carbon-14 with an activity of 109 counts/mm when 
counted on alummium planchets at mfinite thmness 
0 1 ml. of 20 per cent potassium hydroxide was used 
as carbon dioxide absorbent Incubations were 
carried out m oxygen at 37°C for 1hr , after which the 
tissue slices were homogenized in 8 0 ml of 80 per 
cont ethanol, centrifuged and the supernatant 
evaporated at 30° C im a current of ar The dried 
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extract was dissolved in 0 5 ml of water and 400 ul 
was chromatographed two-dimensionally on Whatman 
No l paper ‘The solvents used were sec butanol/90 
per cent formic acid/water (70 11 17 v/v/v) for 
the first phase, and phenol/water/ammonia (1 Ib 
phenol 110 ml water 17 ml ammonia, spec 
grav. 0 88) for the second phase 

The radioactive spots were localized by radioauto- 
graphy and the radioactivities of the spots were 
measured quantitatively usmg a ‘Tracerlab’ counter 
with a mica, window 28 mm im diameter and thickness 
l 5-1 8/em? Activities were corrected for back- 
ground The countimg efficiency by this method was 
calculated to be 16 8 per cent 

All results are expressed as counts per minute for 
100 mgm of wet-weight tissue 


Effects of Potassium lons on Amino-acid Formation 
from Glucose and Fructose 


The strmulatmg effects of potassrum ions at 105 mM 
(preferably expressed as meq /htre (mulhequivalents/ 
litre) ) on brain respiration, shown many years ago 
by Dickens and Greville? and by Ashford and Drxon?, 
take place with the identical substrates, glucose, 
pyruvate or lactate, which permit responses to applied 
electrical pulses The potassium effect has many of the 
metabolic characteristics of bram tissue m the excited 
state It 1s suppressed by low concentrations of 
narcotics that have no demonstrable effects on the 
unstimulated respiration in the presence of glucose, 
which 1s quantitatively the most umportant metabohe 
fuel of the bram!*!! and of gangha!? The narcotic 
suppression of potassium stimulation of bram respira- 
tion applies not only to central narcoties!? but also 
to local anesthetics, to chlorpromazine, alcohols and 
aldehydes!51$ and to the newer depressants of the 
glutarumide type, and focuses interest on the 
mechanism of potassium stimulation of neurone 
respiration This stimulation seems greatly to 
resemble that brought about by oscillatmg electrical 
pulses?’.18, which may produce their effects by ionic 
displacements, for example, of potassium, calcium or 
sodium All the evidence points, ın fact, to the sımılar- 
ity m many respects of the biochemical effects of 
electrical stimulation of the bram cortex slice with 
those due to the presence, m the meubation medium, 
of potassium 10ns at 0 1 molar concentration Bram 
homogenates or minces are, as 1s well known, unre- 
sponsive to either forms of activation Presumably 
in the conscious animal such stimulation operates 
by the action of sensory umpulses, and high sensitivity 
to narcotics of the metabolic activity of the stimulated 
brain. cell ensues 

The potassium stimulation of bram respiration 18 
highly sensitive to malonate, whereas unstimulated 
brain respiration 1s but little affected by malonate.” 
It ıs evident®!* that potassium ions activate the 
citric acid cycle mvolved m glucose oxidation m the 
bram or a pace-making step closely associated with 
1b 

Results showing the effects of the addition of 105 
mM potassium chloride solution to the mcubation 
medium on amino-acid formation 1n rat brain cortex 
slices are shown in Table 1 It will be seen that m 
a normal physiological medium contaming 5 mM 
potassium ions there ıs a labelling of glutamic acid, 
aspartic acid, glutamine, alanme and y-ammobutyric 
acid ın the presence of glucose and of fructose both 
umformly labelled with carbon-14 The labelling of 
glutamic acid, with both sugars, 1s highest among the 
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Table 1  ErrEOTS OF 0 1 M POTASSIUM CHLORIDE ON AMINO-ACID 
PRODUOTION FROM GLUCOSE AND FRUCTOSE UNIFORMLY LABELLED 
WITH CARBON-14 IN SLICES OF RAT BRAIN CORTEX 
Substrate concentration, 5 mM (10° counts/min ), incubation time, 
60 min , temperature, 37? C , aerobic All values are expressed as 
counts/min /100 mgm wet tissue/10° counts/min uniformly labelled 
substrate per vessel 








Glucose-U-4C 
5mM K+ |105mM K+ 


TFructose-U-4C 
5mM K+ |105 mM K+ 


Amino-acid 
formed 











Glutamic acid | 5,057 +358 | 5,516 +475 | 4,784-:307 | 942. 21 
Aspartic acid | 1,318 +164 | 1,183 +185 | 2,159 4-122 | 2,127 +104 
Glutamine 1,289 +112 | 2,397 +209 x bd 
Alanine 657+ 60] 794+ 49| 3744 03| 224+ 24 
y-Amino- 

butyric acid 966 +142 | 1,491 +164 | 739+ 22 271+ 10 





All values are given with mean standard errors 


* Glutamine could not be counted, when fructose was used as sub- 
strate, as the fructose spot overlapped that of glutamine 


ammo-aeids investigated, aspartic acid showmg the 
next highest activity It ıs noteworthy that the 
labelling of aspartic acid, on incubation with uniformly 
labelled fructose. greatly exceeds that of aspartic 
acid found after meubation with uniformly labelled 
glucose 

The most nnportant quantitative effect of the 
presence of 105 mM potassium ions, which mcreases 
the respiration of brain cortex slices ın the presence of 
glucose by almost 100 per cent, 1s to bring about a 
large mecrease ın the labelling of glutamme (nearly 
100 per cent) and of y-aminobutyrie acid The total 
count of the labelled amimo-acids in the presence of 
glucose uniformly labelled with carbon-14 1s mcreased 
from 9,287 to 11,381 counts/mm The labelling of 
glutamic acid or alanme ıs shghtly mcreased whereas 
that of aspartic acid 1s shghtly decreased 

It may be noted that the ratios of radioactive 
glutamate, glutamme and y-ammobutyrate found with 
potassmum-stimulated rat bram-cortex slices in pre- 
sence of glucose are 1 0 44 0 27 (Table 1), which 
approximate to the ratios of these amuno-acids 
normally found m the adult rat bram cortex?!, 
namely, 1 043 017 

As 1b 18 well known that glutamme 1s derived from 
glutamate m bram m a reaction involving adenosine 
triphosphate?i, the process brmgimg about the 
removal of free ammonium ions that are liberated 
durmg the functional activity of the bram™, and that 
y-aminobutyric acid is derived from glutamate by a 
decarboxylase normally present in the brain*, wo 
may consider that the net effect of exposmg brain- 
cortex slices in presence of glucose, uniformly labelled 
with carbon-14, to 105 mM potassium 10ns, 1s to 1n- 
crease the total yield of glutamic acid, the excess 
over the normal appearmg as both glutamme and 
y-aminobutyric acid This phenomenon may be 
explained by the fact that the presence of 105 mM 
potassium ions accelerates the operation of the 
eitric acid cycle in the bram, mereasmg the rate of 
turnover of mtermediates, among which ıs «-keto- 
glutarate which, by transammation with mtracellular 
amino-acids, forms glutamate and thence glutamine 
and Y-amumobutyrie acid 

Typical results given in Table 2 lead to the con- 
clusion that the presence of potassium ions accelerates 
the conversion of pyruvate to acetyl-coenzyme A 
The results demonstrate that the presence of 105 
mM potassium ions greatly mcreases the rate of oxi- 
dation ın bram cortex of both pyruvate-l-4C and 
pyruvate-2-14C to carbon-14 dioxide, the latter process 
bemg much more mhibited by the presence of malon- 
ate than the former The fact that some inhibition 
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Table 2 COMPARISON OF THE EFFECTS OF 0 01 M SODIUM MALONATE 
AND O1 M POTASSIUM CHLORIDE ON OXIDATION OF PYRUVATE-1-'0 
AND PYRUVATE-2-MO BY SLICES OF RAT DRAIN CORTEX 
Substrate concentration, 10 mM (16° counts/mm ) , mneubat;on time 
60 min , temperature, 37° C , aerobie Carbon-14 dioxide evolved 
expressed as counts/min /mgm dry weight tissue/hr /10* counte/min 
substrate per vessel 

















Pyruvate-1-^C | Pyrus ate-2-"C 

Experimental 

conditions 5 mU Kt |105 mM K+ | 5m K+ 105ml K+ 
Sodium pyru- | | | 

vate only 1,106 2,008 i 481 | 1,040 
Sodium pyru- 

vate + 0 O1 

M sodium 

malonate os | 134 258 336 











of the former process by malonate occurs leads to 
the conclusion that part of the carbon-14 dioxide 
derived from pyruvate-1-4C is formed after its 
fixation and metabolism by the citric acid cycle 

Granting that the effect of the presence of 105 mf 
potassium ions is an increased rate of formation of 
acetyl-coenzyme A, ıt becomes at once apparent 
(see Fig 1) that the rate of formation of a-ketoglu- 
tarate (and thereby the rates of formation of glutamate, 
glutamme and y-ammobutyiate) should be increased, 
whereas that of oxalacetate (and thereby aspartate) 
may not be inereased, as 15s greater 1ate of formation 
is balanced by its greater rate of removal by con- 
densation with the mereased quantity of acetyl- 
coenzyme A that has become available 





Glucose Fructose 
N 
L-Aspartate Triosephosphate  r-Alanme 
Z 
| ZDEN 
Oxaloacetate — Pyruvate — —Acetyl-coenzyme A 
Kt 
GOs 
L-Malate Glutamate gaan 
DPN | 
Sueemate—— a-Kotoglutarate— — Citrate 








L-Glutamate 


Z NATP 


y-Ammobutyrate L-Glutamme 


Fig 1 


The conclusion that the major effect of increased 
potassium ions 1s to merease the velocity of forma- 
tion of acetyl-coenzyme A from pyruvate m biain 
cortex makes ıt possible to understand the mode of 
action of potassium ions m affecting the formation of 
amino-acids from fructose uniformly labelled with 
carbon-14 It will be seen, m the results quoted in 
Table 1, that m the presence of the normal potassium 
10n concentration. (5 mM), there 1s a marked imerease 
of labelled aspartate and a marked decrease of 
labelled alanine as compared with the amounts of 
these amino-acids formed in the presence of glucose 
uniformly Jabelled with carbon-14 When the 
potassium 10n concentration 1s increased to 105 mM, 
the outstandmg effects are the large falls m the 
amounts of labelled glutamate and y-ammobutyric 
acid  Owmg to experimental difficulties, when using 
fructose on paper chromatograms, 15 was not possible 
to make accurate assays of the radioactive glutamine 
formed. 
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The significant factor to be taken mto account m 
interpreting the results found with uniformly labelled 
fructose (Table 1) ıs the much lower affinity of 
fructose for bram hexokmase than that of glicose™ 
The result of this lower affintty 1s a dimimshed 
avadab:bty of pyruvate m the bram cortex slices, 
under the experimenta] conditions quoted, a fact that 
aceounts for the feeble anaerobic glycolysis exhibitéd 
by bram cortex m presence of fructose Sufficient 
pyruvate 1s available, however, to enable the citric 
acid cycle to operate and to yield a respiratory value 
of the same order as shown by glucose in presence of 
bram cortex The lack of availability of pyruvate, 
apart from that amount required for-the citric acid 
cycle to operate, is also shown by the much lower 
ability of bram cortex slices to form lactic acid or to 
synthesize acetyl cholme m presence of fructose as 
compared with that found m the presence of glucose?" 
Although respwatory activities, and presumably, 
therefore, the amounts of available adenosme triphos- 
phate, of bram cortex shees m the presence of glucose 
and fructose are approximately the same, the 1ate of 
formation of acetyl-coenzyme A m the presence of 
the former sugar is greater than in the presence of 
the lattor 

The lowered availability of pyruvate, m brain 
cortex slices in the presence of fructose uniformly 
labelled with carbon-14, results m there beimg less 
acetyl-coenzyme A available for condensation with 
oxelacetic acid formed during the operation of the 
citric acid cycle This in turn leads to more oxalacetic 
acid bemg available for transarnmation into aspartic 
acid than occurs with glucose On this interpretation, 
the larger yields of labelled aspartic acid found m 
the presence of un:formly labelled fructose than m 
the prosence of uniformly labelled glucose 1s directly 
due to lack of available acetyl-coenzyme A for the 
acetylation of oxalacetic acid The lowered aval- 
abthty of pyruvic acid from unrformly labelled 
fructose ıs shown also by the diminished rate of forma- 
tion of labelled alanme (Table 1) ın the presence of 
this sugar 

The effects of an mnereased concentration of potas- 
sium ions on amino-acid formation from fructose 
may also be understood The acceleration of conver- 
sion of pyruvate to acetyl-coenzyme A by the pre- 
sence of 105 mM potassium ions leads to an mczeased 
rate of respiration, so that more of the hmıited 
pyruvate available ıs converted to carbon dioxide 
There is therefore less pyruvate available for con- 
version to ammo-acids Experiment shows (Table 1) 
that a total count of 8,056 counts/mm for the amino- 
acids mvestigated falls to 3,564 counts/mm in the 
presence of 105 mM potassium Jons 

The lumted amount of pyruvate, made available 
from fructose, leads ultimately to the formation of a 
smaller quantity of «-ketoglutaate than takes place 
with glucose, m spite of the mereased rate of forma- 
tion of acetyl.eoenzyme A due to the presence of 
105 mM potass1umions This in turn leads to smaller 
amounts, at equilbrium, of labelled glutamate and 
y-ammobutyrate The quantity of labelled aspartate 
formed, however, remains approximately constant 
This occurs, presumably, because the malic acid 
enzyme that transforms pyruvate to malate with 
fixation of carbon dioxide, and thence to oxalacetate 
and aspartate, ıs operating optimally This process 1s 
already known to occur with retia?! and with 
mouse bram?’ 

It 1s therefore possible to obtain an understanding 
of the relations existing between glucose or fructose, 
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and the ammo-acids deiived from these sugars in 
the biam, both in the presence of normal and high 
concentrations of potassium ions, on the basis of our 
present knowledge of the operations of the citric acid 
cycle m brain, of transammating processes affecting 
the «-ketonic acids, and on the conclusion that the 
stimulating action of potassium 1s largely directed to 
the conversion of pyruvate mto acetyl-coenzyme A 

The implications of these findings are considerable, 
fo. they indicate that cationic balance, by influencing 
the 1elative velocities of the neurochemical processes, 
affects ‘the formation of substances, such as acetyl- 
zholme or Y-amunobutyrie acid, which are now well 
known to be implicated in the electrophysiology of 
the nervous system 


Effects of Sodium Malonate on Glucose-Amino- 
Acid [nter-relations 


In the presence of 10 mM sodium malonate, the 
respiration of bram cortex stimulated by potassium 
is inhibited to the level of the endogenous respiration, 
which 1s only slightly affected 

The effects of the addition of 10 mM sodium 
malonate on the formation of labelled amimo-acids 
from glucose uniformly labelled with carbon-14 are 
shown m Table 3 
Table 3 INFLUENCE OF 0 01 M SODIUM MALONATE ON AMINO-AGID 
FORMATION FROM GLUCOSE UNIFORMLY LABELLED WITH CARBON-14 

WITH AND WITHOUT 0 1 M POTASSIUM CHLORIDE 
axperimental conditions asin Table 1 Results (counts/min /100 mgm 


vet tissue/10* counts/min glucose) are the mean values of three sets 
of experimental results 








Amuino-acid 5mM Kt --001M |105mJM K* +0 01 
formed malonate malonate 

Glutamic acid 1,990 995 
Aspartic acid 328 583 
Glutamine 361 72 
Alanine 133 60 
y-Aminobutyric 

acid 522 194 


The most noteworthy effect of the malonate 1s the 
jecrease in labelling of all the amino-acids, a total 
ymino-acid count of 9,287 counts/min is reduced by 
nalonate to 3,334 counts/min The percentage de- 
ease effected by malonate 1s greater ın the presence 
of 105 mM potassium ions The total count of 
[1,881 counts/min found with the high potassium 
on concentration is reduced to 1,904 counts/mm 
when the malonate ıs added Thus not only ıs the 
dotassium stimulation of brain 1espiration abolished 
xy malonate?, but also 1ts stimulation of ammo-acid 
abelling m the presence of radioactive glucose The 
suppression of respiration 1s reflected by the lowered 
availability of pyruvate, and hence in the diminished 
production of labelled alanine and of «-ketoglutarate, 
and hence in the dimimushed rates of formation of 
zlutamate, glutamine and y-aminobutyric acid 


Effects of Sodium Amytal on Amino-acid Formation 
from Glucose 


In accordance with the conclusion by Michaelis 
and Quastel?' that a narcotic, such as chloretone, 
suppresses specifically at low concentrations the 
activity of a process playmg an intermediate part m 
sissue respiration between a flavoprotem involvmg 
jiphosphopyridme nucleotide, and cytochrome oxid- 
ase, ib has been shown?! that amytal (5-ethyl-5- 
isogmyl barbiturate) is a highly effective mhibitor of 
the oxidation of reduced diphosphopyridme nucleo- 
tide and its associated phosphorylations 
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An effect, therefore, of the addition of a narcotic, 
such as amytal, to respiring tissue 18 to bring about an 
imerease ın the ratio of reduced diphosphopyridine 
nucleotide to diphosphopyridine nucleotide in the 
cell The change in this ratio, or the dimmshed 
avauabilitv of diphosphopyridine nucleotide for its 
various linked reactions ın cell metabolism, has a 
variety of consequences One obvious result is an 
increase 1n the rate of reduction of pyruvate, derived 
from aerobic breakdown of glucose in the brain cell, 
to lactate, so that an increased aerobic glvcolysis in 
the presence of the narcotic takes place This 1s a 
well-known phenomenon?* Other results, due both 
to the changed velocities of the diphosphopyridme 
nucleotide-lmked reactions and to the diminished 
availability of adenosine triphosphate consequent 
upon the suppression of oxidation of reduced diphos- 
phopyridine nucleotide, may be expected to take 
place 

The effects of the addition of 05 mM sodium 
amytal on ammo-acids formed from glucose, uniformly 
labelled with carbon-14, m the presence and absence 
of 105 mM potassium ions are shown m Table 4 
At this concentration, amytal exerts only a small 
inhibitory effect on the oxidation of glucose by the 
unstimulated bram cortex slices but almost a com- 
plete suppression of the potassium-stunulated resprra- 
tion of bram cortex in the presence of glucose* 
The results (Table 4) demonstrate these effects 


Table 4 INFLUENCE OF 0 5 mM SODIUM AMYTAL ON AMINO-ACID 
FORMATION FROM GLUCOSE UNIFORMLY LABELLED WITH CARBON-14 
WITH AND WITHOUT 01 M POTASSIUM CHLORIDE 


Experimental conditions as 1n Table 1 





5 mM Kt + 
glucose-U-1*C 
0 5 mM amytal 


5,793 + 335 
65 


105 mM K+ + 
glucose-U-“C 
0 5 mM amytal 


0,761 + 450 
661 


Amuno-acid formed 





Glutamic acid 


Aspartic acid 1,002 + + 51 
Glutamine 1,095 + 80 111 + 10 
Alanine 1,104 + 70 386 + 36 
y-Aminobutyric acid 1,798 + 45 1,479 + 198 





(a) In normal physiological media (5 mM potassium 
ions) the presence of 05 mM amytal produces a 
marked increase ın the rates of formation of labelled 
y-ammobutyric acid and alanine, with relatively small 
changes 1n the rates of appearance of labelled glutam- 
ate, aspartate and glumatine 

(b) In the presence of 105 mM potassium ions and 
0 5 mM amytal, there ıs a very large fall in the rate 
of formation of labelled glutamine from 2,397 counts/ 
min (Table 1) to 111 counts/min (Table 4) There ıs 
a fall also ın the rate of formation of labelled alanine 
and aspartic acid and a rise m that of glutamic acid 

The results may be explamed in the followmg 
manner 

(1) With the unstimulated slice of brain cortex, 
the amytal brings about a diminution of available 
diphosphopyridine nucleotide, so that less pyruvate 
is oxidized to acetyl-coonzyme A and less «-keto- 
glutarate is converted to succmate There is not 
only, therefore, an increased rate of conversion of 
pyruvate to lactate but also an increased rate of 
conversion, by transamunation, of labelled pyruvate 
to alanine and of labelled «-ketoglutarate to gluta- 
mate The latter reaction 1s reflected ın an moreased 
rate of formation of labelled y-ammobutyrate The 
rate of formation of glutamine ıs not mereased , ıb 15 
im fact decreased, presumably because the suppression 
of oxidation of reduced diphosphopyridine nucleotide, 
leading to a dimimushed synthesis of adenosine tri- 
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phosphate, results in & dimunished amount of the 
latter bemg available for synthesis of glutamine 

(2) With the stimulated slces of bram cortex, m 
which the oxidation of pyruvate by diphosphopyridine 
nucleotide to acetyl-coenzyme A 1s greatly enhanced, 
the effect of the presence of the narcotic 1s to suppress 
this oxidation owing to the lowered availability of 
diphosphopyridine nucleotide The 1inerease of 
reduced diphosphopyridine nucleotide leads to an 
increased rate of formation of lactate (that 1s, mcreased 
aerobic glycolysis), this process taking place partly 
at the expense of pyruvate that would otherwise be 
transformed to alanme A similar suppression of 
oxidation of «-ketoglutarate leads to enhanced 
labeling of glutamate The synthesis, however, of 
glutamme from glutamate ıs almost entirely blocked 
by the narcotic, by its suppression of synthesis of 
adenosine triphosphate normally coupled with the 
oxidation. of reduced diphosphopyridine nucleotide 

It ıs evident that the processes controlling glucose — 
amuno-acid inter-relations ın both the unstimulated 
and stimulated slice of brain cortex and 1n the absence 
or presence of a narcotic such as amytal may be 
interpreted satisfactorily on the basis of the con- 
clusions that the stimulation consists of an accelera- 
tion of the conversion of pyruvate to acetyl-coenzyme 
A and that the narcotic brings about a suppression 
of endogenous oxidation of diphosphopyridine nucleo- 
tide by cytochrome oxidase and its associated 
phosphorylations 


Summary 


(1) Glucose and fructose, both uniformly labelled 
with carbon-14, m the presence of sheces of rat bram 
cortex, are partly converted to radioactive glutamic 
acid, glutamine, y-ammobutyric acid, aspartic acid 
and alanine The yields, and relative proportions, of 
these ammo-acids found with the uniformly labelled 
glucose differ considerably from those found with 
uniformly labelled fructose An outstanding differ- 
ence 18 the large yield of labelled aspartic acid found 
with fructose as compared with that from glucose 

(2) When brain cortex respiration in the presence 
of glucose or fructose 1s stumulated by the addition 
of 105 mM potassium tons, large changes take place 
in the yields and relative proportions of radioactive 
ammo-acids With glucose, the effect ıs greatly to 
merease the yield of glutamine and y-ammobutyric 
acid With fructose, the effect 1s greatly to dimmish 
the yield of labelled glutamate 

(3) It 1s concluded, from the effects of the addition 
of 105 mM potassrum ions on the formation of 
carbon-14 dioxide from pyruvate-1-“C and pyruvate- 
2-4C, and on the relative inhibitory effects of malonate 
on these processes, that the stimulating effect of 
addition of potassrum 1ons on the respiration of bram 
cortex is largely directed to an acceleration of a 
pace-makmg step, the conversion of pyruvate to 
acetyl-coenzyme A 

(4) The presence of malonate, which abolishes the 
potassrum 10n stimulation of respiration of bram 
cortex, brings about a greatly dummuished labelling of 
all amimo-acids derived from glucose, uniformly 
labelled with carbon-14, and m the presence of added 
potassium ions almost completely blocks the forma- 
tion of alanme, glutamine, and y-aminobutyric acid 

These results can be satisfactorily explamed on the 
basis of the conclusions that the ammo-acids are 
derived from glucose by transamination of the 
a-ketonic acids derived durmg the operation of the 
citric acid cycle and that the potassium 10n stimula- 
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tion of the metabolism of bran cortex i8 due to itt 
acceleration of the oxidation of pyruvate to acetyl. 
coenzyme A 

(5) The presence of the narcotic, 0 5 mM sodium 
amytal, produces, with the unstimulated brain cortex 
slice, a marked mcrease ın the yield from glucose 
uniformly labelled with carbon-14, of labelled y-ammo-: 
butyre acid and alanme, with relatively smal 
changes 1n the yields of labelled glutamate, aspartate 
and glutamme With the stimulated bram cortex 
shee (that ıs, with 105 mM potassrum ions) the nar. 
cotic at small concentrations brmgs about a very 
large fall ın the yield of labelled glutamine, falls 1x 
the yields of labelled alanme and aspartic acid anc 
a riso in the yield of labelled glutamic acid — Thes 
results may be adequately explamed on the basis o: 
the conclusions given above, together with thi 
conclusion that the main effect of the narcotic is t 
suppress the oxidation of reduced diphosphopyridin 
nucleotide by cytochrome oxidase and its associatec 
phosphorylations 
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THE DISCIPLINE OF THE SCIENTIFIC METHOD 


HE address, “The Message of Science”, which 
Prof P Weiss delivered at the Universal and 
International Exposition at Brussels on June 25, 
1958, and which has now been issued as an Occasional 
Paper of the Rockefeller Institute, develops three 
main points Man’s hope hes in the advance of 
civilization, of which science 1s a part, and to under- 
stand the role of science requires insight into its 
nature, power and limitations First, Prof Weiss 
argues, man will contmue to reap rich frut from 
scientific progress Secondly, understandmg the 
process of science gives man a firmer grounding in 
reality agamst his floundermg and fumbling in 
abstractions , and thirdly, the task of science 1s to 
serve man by mastermg Nature and not to become 
man’s master In servmg man, science, Prof Weiss 
urges, must close ranks with other servants of 
humanity—the creative arts, philosophy, rehgion— 
all striving for a new integrated humanism 
In this view, science, which has helped to dethrone 
man from his self-appropriated station as the centre 
of the universe, can help him now to grow into his 
rightful stature Prof Weiss’s address is thus essen- 
tially & contribution to the discussion on the place 
of the universities m the scientific revolution which 
Sr Erie. Ashby opened in “Technology and the 
Academics” and which Sir Charles Snow has 
developed further m his Rede Lecture, “The Two 
Cultures and the Scientific Revolution"*, Prof Weiss 
does not disparage the material benefits which science 
can provide, but he lays his stress on the contribution 
which science can offer to man's intellectual and 
moral advance It would be a distortion to suggest 
that he is advocatmg science for 1ts own sake; but, 
like Sir Edward Appleton in his presidential address 
in 1958 to the British Association, he mamtains that 
science itself 1s one of the great human values 
The power of science, Dr Weiss points out, comes 
from the strict mental disciple and critical detach- 
ment that 1t imparts to those who live and practise 
by its code, and if living by this code can help men 
to lead more satisfying lives, so as more fully to enjoy 
and share promised release from want and drudgery , 
if science will not just extend man’s span of life but 
also give the content of that span more purpose, 
if science can convince man that many of the evils 
and errors and convulsions of the present age arise 
from his ignorance and neglect of the very code of 
science, then science will have given him another 
noble gift, namely, a basis for responsible and judicious 
self-direction as a design for living This presupposes 
that man is free to choose his course for better or for 


* The Two Cultures and the Scientific Revolution By Sir Charles 
Snow (The Rede Lecture, 1959) Pp 1v+52 (Cambridge At the 
University Press, 1959 ) 3s 0d net 


worse, and in this choice, the scientific approach can 
help him to avoid predictably disastrous turns and 
missteps Science is not to blame for man’s mis 
directing scientific knowledge to evil ends 

If the scientific spirit can teach man reason, the 
message of science must, however, first be accepted 
by man, and it 1s Sir Charles Snow’s contention that 
one of the two cultures he predicates as existing does 
not and will not accept that message First, however, 
the characteristics which Dr Wess describes as 
marking the scientific spirit as superior to the mere 
application of logie, the Golden Rule, or just plam 
common sense should be noted It ıs the categorical 
demand for validation and verification of each pre- 
mise, each contention and each conclusion by the 
mosv rigorous and critical tests of evidence Every 
rule and law have to be tested and enforced, and 
nowhere else is the penalty for error or mfrmgement 
so prompt and tellmg 

This discipline of the scientific method, broadly 
apphed, could go far toward clearmg the underbrush 
of superstition and prejudice that hampers civilization 
in 16s march, but it has 168 limitations. Since, according 
to the code of science, no positive assertions are final 
and all propositions approximations, and indeed 
provisional, science is seen to advance more by 
denymg what is wrong than by asserting what is 
right—by reducing, and eventually eradicating, 
errors rather than by heading straight toward some 
preconceived final truth From any point along the 
fronuer of knowledge which mankind faces, the 
imagination and curiosity of mdividuals may start 
tracks that radiate m all directions into the unknown 
Through trial and error the right path is gradually 
singied out from the multitude of blind alleys by the 
fact that ıt has met, instead of missing, other new or 
familiar les startmg from other pomts, merging 
with them in mutual remforcement Success hes m 
the confluence of thoughts from many diverse 
directions, and this gives science its coherence and 
consistency, with a stable mter-convertible currency 
of terms and units, modes of operation and standards 
of proof or disproof, all gained by gradually removing 
the inconsistencies and imcongruities within the 
system, by the systematic reduction of margins fo 
error 

Dr Weiss points out that this 1s the method of 
organic evolution, but on the infinitely faster scale 
of thought processes, which require much less time 
to establish them soundness; and from this comes 
man’s unprecedented chance for rapid progress— 
from the meessant weeding out of error Moreover, 
for science as a whole, truth is that strip of possi- 
bilities left over after all demonstrable untruths 
have been eliminated, there will remain a fairly 
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broad band of uncertamty, mcludmg the mdeterm- 
mate, the unknown, the indetermmable and the 
unknowable The limits of science are frankly 
acknowledged, and Dr Weiss has no place for either 
the shallow optimism that Sir Charles Snow marked as 
contributing to the divergence of the two cultures he 
describes, or for the uncritical claim that science 18 a 
eure for all the ills of mankind and that 1t can pre- 
scribe ultimate goals to guide man’s conduct On 
the contrary, the humuhty and courage required to 
live with partial answers and the disturbance of 
complacency should assist science—and the scientist 
—to live with the other claimants to a share m 
human destiny. The scientific sprit, by stimulating 
man afresh to search and strive agam rather than to 
conform, to face problems and not to accept past 
solutions, and to exercise mgenurty instead of 
abdicating to authority, could rekmdle flames which 
mechanization threatens to extmguish 

Dr Weiss’s view of the relations of science with 
the creative arts, with philosophy, with at least the 
kernel of religions (not of creeds) and with the lessons 
taught by history, all of which are companions with 
science m shaping the fate of mankind, presupposes, 
however, a bridge rather than the gulf which leads 
Sir Charles Snow to speak of the two cultures—it 
invokes comprehension rather than mcomprehension 
on both sides If the attitude which he depicts 
should prevent the scientist from contributmg to 
misunderstandmg or stwrmg up resentment, there 
must none the less be understanding and not prejudice 
on the other side It will not suffice for science to 
be objective, to recognize soberly 1ts own limuts, and 
to claim no greater share of man’s allegiance than 1t 
can ask on scientific grounds It can scarcely act as 
educator unless there ıs sympathy and receptiveness 
on the other side That must precede the abatement 
of suspicion and resentment, the removal of barriers 
due to prejudice and the disappearance of any fears 
of aggressive expansionism of science 

This exposition of the message of science ends 
with an appeal that men of science should close the 
ranks with those m other walks of life against the 
dehumanization of our culture, and that they should 
look and work for a broad humanism in which science 
1$ accepted, not grudgingly but with understanding, 
by all men in all walks of life, not for its fruits alone 
but for the ideal of rational thought which it can 
carry to its highest culmmation At the same time, 
men of science must ever be on ther guard agamst 
the danger of specialist isolation to the neglect of 
other human values, and finally Dr. Weiss pleads 
that science should re-acclaim diversity as the source 
of progress, meluding the diversity of human minds 
in them responsible expression Simultaneously, he 
pleads that those humanists who are not scientists 
should not regard themselves as the prime custodians 
of civilization, shunning science as 1f 16 were mhuman. 

The conception of the message of science and the 
place of the scientist ın our civilization which Dr 
Weiss expounds in this address 1s dignified and noble 
as well as restrained , 16 could well elicrt the response 
he seeks from the non-scientists 1f 1t can reach them 
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But while Dr Weiss recognizes as clearly as Sir 
Charles Snow the gap between the two cultures and 
the imperative need for co-operation between 
scientist and non-scientist, he does not indicate how 
the gap 1s to be bridged It ıs true that, 1f his counsel 
1s followed, scientists could do a good deal to remove 
the prejudices and suspicions which have enlarged 
the gap—or at least to remove the substance of those 
prejudices and suspicions, but somethmg more 18 
required to restore umty to the intellectual life of 
Western society, or even to provide a meeting place 
for the two cultures The lack of comprehension of 
science and technology on the part of tho non- 
scientist which leads Sir Charles Snow to describe the 
literary imtellectuals as natural Luddites must be re- 
moved also, and this as he sees clearly 1s a problem of 
education Until intellectuals and the nation gener- 
ally come to understand the scientific revolution and 
its implications, Britam cannot hope to cope with the 
problems offered and erther avert the dangers or 
exploit ther possibilities 

& Charles Snow faces this question in the last 
part of his lecture He believes that we need as many 
outstanding scientists as the country can produce 
They present no problem, but ther number is 
lmuted, and they need a much larger number of 
professional scientists for the supporting research 
and high-class design and development, here the 
problem 1s not so much that of quality as numbers 
These in turn require a large number of supportmg 
technologists and technicians for the secondary 
technical jobs, some of whom will take mayor 
responsibility, particularly ın the human Jobs Here 
our problem is both the numbers required, which 
will throw an immense strain on the universities, 
university colleges, colleges of technology and tech- 
nical colleges of Britam, and the distribution of 
abuity in order that proper and efficient use may be 
made of them services Lastly, there must be not 
merely politicians and adramustrators, but also an 
entire community knowing enough science to have a 
sense of what the scientists are domg 

Sir Charles offers no prescription as to how all this 
1s to be achieved He simply presents the challenge 
to the educational system of the country, with the 
reminder that our real assets in the world to-day are 
our wits—our capacity for co-operation and our 
mventive and creative ability The survival of 
Britam as a world power requires that we should 
fully understand the scientific revolution, educate 
ourselves to the mut and give tho lead to the world 
We cannot do this without breakmg the existing 
pattern of education; but unless we do so and 
educate ourselves adequately, we must experience m 
our own life-time a steep decline m our standards of 
hving To close the gap between the two cultures 1s 
a necessity m the most abstract mtellectual sense, as 
well as in the most practical, in order that we may 
be able to achieve even the political techniques 
which will enable us to bring our human capabilities 
into action Once agam we are summoned to look 
at education ın the broadest sense, and Dr Weiss’s 
message 1s an invaluable contribution to such a task 
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LATIN IN UNIVERSITY ENTRANCE REQUIREMENTS 


HE controversy about compulsory Latin for 
entrance to Oxford and Cambiidge flares up 

sporadically, like the plague, but ıt does look as 
-though the 1ecent outbreak may be the last Thue, 
Oxford has reversed its decision to make German 
and Russian alternatives to Latin, but when the 
committee at present looking into the qualifications 
for university entiance reports, 16 seems likely that 
some means will be recommended whereby Latin 
can be avoided 

It 1s difficult to see what benefit the average boy 
(o1 girl) who wants to specialize 1n science can derive 
from Latin at Ordmary level m the General Certi- 
ficate of Education He will not be able to read the 
simplest texts with any ease, even if he wanted to, 
and the feeling among many scientists that Latm 1s 
a waste of trme makes 1t very unlikely that he will 
His attitude to Latın, which is often crammed in a 
few months and as quickly forgotten, 1s one of 
resigned hostility 

“Without Latin the specialists will become even 
more specialized” is a favourite argument of the 
anti-abolitionists, yet very few people wish to 
abolish it unconditionally At Oxford the suggestion 
was that Russian and German should be alternatives, 
and a scientist with French and German is no more 
a specialist than one with French and Latin Besides, 
there 1s far more chance that a modern language 
will be kept up, since even tho least materialistically 
minded can see its usefulness More and more people 
go abroad every year, especially school children and 
university students, and later on the professional 
scientist will want to read papers m foreign languages 
Few are published in Latın 

Three mam arguments are advanced by those who 
wish to see Latin retained besides the one mentioned 
above 

First, they say that ıt ıs the key to the under- 
standmg of Western culture Quite apart from the 
fact that Latm at Ordinary level 1s not even a key 
to the understanding of Latin, m order to ‘under- 
stand’ Western culture one has to know a good deal 
about 1t, and, as 1s so frequently pointed out, most 
scientists do not—though many are more knowledge- 
able than ıs often allowed Latın 1s, no doubt, an 
immense asset to the scholar with a wide knowledge 
of the hterature, philosophy, art and history of 
Europe and America, but to the scientist 15 1s rather 
like studying the quantum theory without knowing 
what 1adiation and algebra are, or, to take a non- 
scientific simile, to study the sources of Shakespeare’s 
plays without having read “Hamlet” With an 
educational system which umposes specialization at 
the age of fifteen we cannot afford the time for 
mtellectual luxuries It is the stuff of Western 
culture that should be studied, not Latin grammar 

Secondly, Latin is said to be a unique training for 
the mind This argument ıs difficult to refute, smce 
1b 1s SO vague and is so seldom elaborated It is 
significant that ıb ıs usually advanced by people 


whose mental traming was largely based on Latin 
Furthermore, mathematicians can make a similar 
claim for mathematics with equal justice Part of 
the umqueness of Latm is said to he m its bemg a 
highly mflected, and so a very precise, language , 
but so are German and Russian 

Thirdly, Latin is said to improve one's Enghsh 
Maybe ıt does, but ıt 1s an extraordmarily round- 
about way of doing so, and one for which the scientist 
simply does not have the time 

In fact, Latin tends to defeat the very objects ıt 
1s meant to attam It becomes associated with other 
non-scientific subjects and produces an anti-cultural 
reflex—Latin 1s a waste of time, therefore French, 
history and English are a waste of time It also 
takes up valuable hours ın school which might be 
devoted to arts subjects likely to mterest the potential 
scientist It 1s not suggested that the time spent 
on Latin should be given over to more science A 
debate held recently m the University of London on 
the motion “That the Education of our Future 
Rulers should be primarily in the Sciences rather 
than the Humanities”, where scarcely a speaker 
from an audience contammg many scientists sup- 
ported the motion, shows how much basic agreement 
there is that education ought not to become too 
speciahzed In view of this, ıt 1s a prty that such an 
issue should have been made out of the relatively 
ummportant Latin question 

It 1s high time that some effort was made towards 
improving the general, as opposed to the specialized, 
standards for university entrance If the Latm 
dispute does nothmg else, ıt focuses attention on this 
need Scientists entermg for State scholarships 
already have to take a general paper in English, but 
it 1s a special paper for scientists, and so in a sense 
1t condones the existence of Sir Charles Snow’s two 
cultures, instead of tending to re-unite them If only 
the universities would demand from everyone three 
subjects at Advanced level, one a science and one an 
arts subject, there would be no need to quibble about 
trivialities like Ordmary level Latin Quite apart 
from the wider knowledge this would bring, scientists 
and arts men would be working together mght up to 
the time they left school, and this 1s surely essential 
if they are not to separate into two groups It has 
been suggested that as a consequence there would 
be a shght lowermg of standards ın the entrance 
scholarships, and that the colleges would not accept 
this If so, ıt would be a great pity, but ıt would 
be a very small price to pay — Besides, ıt 1s Wogical 
to complain about specialization and to object to 
measures which combat it 

Anyone who wants to see compulsory Latin retained 
for scientists should sit back and ask himself two 
questions What am I trying to achieve ? What is 
the best way of gomg about it? It 1s very peculii 
reasoning that produces Latin at Ordinary level as 
an essential part of the final answer The worthy 
cause of a wider education is being discredited 
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THE LIFE OF FREDERICK SODDY 


Pioneer Research on the Atom 

The Life Story of Frederick Soddy By Muriel 
Howorth Pp 352+16 plates. (London New World 
Publications, 1958) 75s 


HIS is an uneven and uneasy book The 

scientist who reads 1t 1s hkely to be exasperated 
by 1ts not frequent confusions and repetitions—and 
the general reader will almost certainly find its 
detailed chronology difficult if not impossible to 
disentangle, although the framework of the story 
1s simple enough It is the hfe-story of Frederick 
Soddy, pieced together from his casual remarks, 
from reluctant replies to leading questions, from 
more sustamed and possibly more spontaneous 
remuniseence, and from the residue of his papers, 
by his hterary executrrx and friend of his later 
years It is a work of obvious devotion, forcefully 
and at times movingly written, but 16 achieves no 
real synthesis 

Readers of this journal will remember Paneth’s 
tribute to Soddy (Nature, 180, 1085 , 1957) withm 
the compass of a short article, that was generous, 
just and discerning, written by an expert m his own 
field who had known him when he was still active 
mit Paneth wrote ‘The duty to clarify his picture 
1s specially incumbent on us, as 1b 1s the tragedy of 
his life that members of the younger generation may 
know him only as the person who adopted the term 
‘isotope’, and, perhaps, as the author of provocative 
statements m economics and other fields far remote 
from science The number of those who knew Soddy 
m his creative period is dwindling He was gifted 
mn many, perhaps too many, ways He was such a 
good writer of English prose that 16 was all too easy 
for him to give his polemeal essays the sting he 
wished" 

Frederick Soddy died on September 22, 1956, in 
his eightieth year His last contribution to the 
literature of radioactivity was a letter to Nature 
published on September 3, 1932 His present bio- 
grapher met him first m January 1953 She had then 
recently read ‘The Interpretation of Radium” 
(1909) and had been so impressed by 1ts philosophy 
that she had sought out its author At ther first 
meeting she suggested to Soddy that they should 
“together write the record of his scientific investi- 
gations” Withm a few days she had his agreement 
Within two months the preface, at least, to “Atomic 
Transmutation the Greatest Discovery ever Made” 
had been written This was to be Volume 1 of the 
Memoirs Volume 2 was unfinished at Soddy’s 
death Then Major and Mrs Howorth came mto 
possession, through Soddy’s will, of “all his original 
papers, letters, and records” In that way the book 
now under review had its beginning, its conception 
replacing that of the half-finished Memoirs ‘“‘Having 
these [origmal papers] as my guide”, Mrs Howorth 
confides in her new preface, “I can now write, with 
less presumption and more confidence, the story of 
this remarkable man who was destined to play so 
great a part in the discovery of one of Nature’s 
phenomena, unique in its potentialities and for- 
midable in 1ts power" 

It appears to me necessary to give this brief history 
of Mrs Howorth’s book—essentially in her own 
words—but havmg done so I am left with scant 
space to comment on ıt further In any event I should 
require many pages to deal with ıb in detail I ean 
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only indicate its shortcomings and its virtues by 
further quotation "Later, when the speaker at 
one of the Royal Society Popular Lectures in Canada 
fell sick, Professor Cox telephoned Rutherford to 
take his place and this led to his bemg accorded a 
Fellowship of the Royal Society of Canada and 
eventually to the full London Fellowship in 1903” 
(p 78), "Superb chemist that she was Marie Curie 
had foreseen these events, but 15 was left to Frederick 
Soddy to establish each one of them by experiment— 
natural transmutation, 1901, dismtegration theory, 
1902, displacement law, 1911" (p 93), “By 1905 ıt 
was still not confirmed that the alpha particle was & 
hehum nucleus" (p 114), “In 1932, Harkms's ‘neu- 
tron’ had been experimentally established by Chad- 
wick Later Chadwick went to study m Germany 
under Nernst and Rubens "(p 129), “ when 
Cockcroft and Walton m the Cavendish Laboratory 
succeeded in ‘splittmg the atom’ Cockcroft alone 
recerved the award [of a Nobel prize]’ (p 188), 
‘What exactly 1s a beautiful equation *' I asked. 
[Professor Dirac] ‘Is Emstem’s little mass-energy 
equation beautiful ” ‘No, that ıs not beautiful,’ he 
rephed, ‘but some equations are very beautiful 
indeed’ (p 257), “One can say that on Soddy's 
perception the whole of nuclear science has been 
bult” (p 267), “The loneliness which such matten- 
tion from the scientific world creates 1s sometimes not 
easy to bear without resentment It may be also, 
in the case of Soddy, that the loneliness of his early 
days returned One could magme that his mother 
died three times, once m his infancy, once with the 
death of his wife, and once on his retirement from 
academic life” (p 277) 

I do not think that the historian of the science of 
this century will pass over the work and the worth 
of Frederick Soddy, as he himself found ıt for a 
season passed over—or imagined that he found it 
passed over—in his later years He 1s assured of the 
esteem of posterity, without special pleading Mrs 
Howorth’s book contains much that will be of 
interest to the historian, but her special pleading 1s 
hkely to pass him by Norman FEATHER 
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Handbook of Physics 

Edited by Dr E U Condon and Dr Hugh Odishaw 
(McGraw-Hill Handbooks) Pp xxvi+1462 (Lon- 
don McGraw-Hill Publishing Company, Ltd , 1958 ) 
194s 


HIS 1s a magnificent book It contams about 
1,500 pages and weighs nearly 3 kgm , dimensions 
which are achieved by solid packing of authoritative 
information, with little padding or wordy intro- 
ductions We have considered ıt from the pomts of 
view both of the semor who has had ample oppor- 
tunity of forgetting his physics, and of the student 
who 1s in the process of acquirmg ıt For both it 
seems to be an excellent work of reference 
Yt 1s divided mto mne parts mathematics, mech- 
anics of rigid bodies, mechames of deformable 
bodies, electricity and magnetism, heat and thermo- 
dynamics, optics, atomic physics, sold state, anc 
nuclear physics Each part 1s divided into about ter 
chapters, each written by a specialist , there are 
nearly ninety contributors, practically all from the 
United States The list of chapters would be too long 
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to enumerate here, but some ıdea of the contents can 
be given by saymg that the topies are those m which 
there 1s considerable inteiest at the present time 
The book gives a general impression of the rapid 
development of physics 1n many different directions 

This development has mtroduced the usual diffi- 
culties in keeping the subject-matter up-to-date, and 
in the preface the editors express some concern about 
therr success They need not have worried, most 
physicists would be only too dehghted to keep 
within hailing distance of the amount of physics m 
this book 

In fact the maim criticism of the book 1s that ıt 
does not seem clear about 1ts own purpose In the 
preface the editors umply—but do not clearly state— 
that they regard the contents as “What every physicist 
ought to know" Surely the claim ıs outrageous ? 
There can be very few people who have the mental 
capacity for absorbing all thus material, and it is 
questionable whether such people would best servo 
physics by spending the time needed for its absorp- 
tion 

In our opinion, the mam purpose of the book ıs to 
seive as a work of reference for the expert who has 
occasion to wander mto a field related to his own 
but unfamihar to him He will find the general 
prmermles authoritatively and clearly set out, and 
wil be able to see the types of mathematical ap- 
proaches that are used He will not usually find 
experimental details—except for occasional chapters 
on such subjects as experimental stress analysis, and 
vacuum technique—smce the book ıs essentially 
theoretical 

The mathematical part of the book 1s perhaps the 
least satisfactory It contains some elementary 
material such as logarithms, which seems out of 
place, and some, such as the theory of probability, 
which 1s likely to be of more use to biologists than 
to physicists, on the other hand, the theory of 
errors 1s not treated Nevertheless, the main content 
is extremely good and well set out 

The book 18 beautifully pimted and produced, and 
we have noted only very few misprints and mistakes 
Unfortunately, the very high piice—which is quite 
reasonable for the amount of material contamed— 
will probably rule ıt out for most individual physicists 
It should nevertheless be ın every hbrary and, more 
important, eveiy physicist should know of its 
existence 

H Lirson 
S G LiPsoN 


REACTION KINETICS 


Some Problems in Chemical Kinetics and Reac- 
tivity, Vol. | 

By N N Semenov Translated by Michael 

Boudart Pp xu +239 (Princeton, NJ Princeton 

University Press, London Oxford Unrvorsity 

Press, 1958 ) 36s net 


HIS ıs the second English translation of the 

first volume of Prof Semenov's book on “Some 
Problems m Chemical Kmetics and Reactivity” to 
appear in the past few months Reading it, one 1s 
immediately struck by the strength of the author’s 
grasp of the fundamental issues of'reaction kinetics, 
and by his ability to marshal the evidence in a subject 
where the experimental results are often confused, 
and their inteipietations conflicting 
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The volume under review has no pretensions to 
bemg a text-book, and 1s in fact an extended version 
of an mtroduction to a symposium held nm Moscow 
ib thereby retams a certam freshness and 18 notable 
for the provocative and stimulating pomts of view 
which ıb takes It begins with a classification and 
account of reactions of monoradicals (no nonsense 
about ‘what ıs & radical ?'), a chapter which ıs to be 
commended for its discussions on bond energies and 
the relation of energy of activation to heat of reaction, 
and for the cautious but telling way m which the 
relation of structure to reactivity 1s dealt with The 
next section 1s on competition between monoradical 
reactions, and here a clear account of the role of 
peroxides m oxidation of hydrocaibons ıs to be 
found a great deal of modern Russian work of 
value, much of ıt unfamiliar to this reviewer, 1s dealt 
with here The mechanism of cham decompositions 
of hydrocarbons 1s discussed 

In dealing with diradicals a distinction between 
the physical concept (triplet state, paramagnetism) 
and the chemical concept (absence of activation 
barriers, tending to dimerize, weakness of the second 
bond) is exemplified at the outset, although there 
is a general coincidence The chemical aspects, as 
would be expected, are stressed 

After this survey, the second (and final) part of 
the volume deals with chain mitiation and termina- 
tion This is divided mto chapters on dissociation of 
molecules and recombmation of radicals (essentially 
by homogeneous processes), mutiation by 1ons of 
variable balance, and the mfluence of the walls of the 
reaction vessel All these are excellent, the last bemg 
particularly recommended It leads to some interest- 
ing speculations on the processes of heterogeneous 
catalysis 

The standard of production of the book 1s not 
high, the typescript bemg rather unsatisfactory, with 
an irritating and unnecessary symbol for the chlorine 
atom The translation 1s quite good, although marred 
by a few words like ‘organicist’, and expressions 
such as “the ‘ion-impact’ method magmed by 
V L Tal’roze " For a physical chemist, how- 
evel, this book of Semenov's should be compulsory 
reading T M SUGDEN 


CHEMICAL OCEANOGRAPHY 


Apparatus and Methods of Oceanography 

By Dr H Barnes Part 1 Chemical Pp 341 
(London George Allen and Unwın, Ltd, 1959) 
40s net 


HE special methods of analysis used 1n chemical 

oceanography and marine biology are to be 
found in a great many different publications, some of 
which have limited circulations There is a need for a 
collection of working methods, preferably with some 
guidance for the inexperienced The need ıs very 
competently met by this book Although suitable 
for the experienced analyst, 16 1s also explicitly m- 
tended to help biologists with less chemical know- 
ledge, and to be useful to those with small libraries 
The author has therefore devoted the first quarter 
of the book to three chapters on colour comparators 
and photometric analysis, to errors and precision, 
and to the calculation of resulis It 1s difficult to 
judge the value of this part of the book It is well 
done, indeed, ıb ıs admurably clear, but much of it 
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seems unnecessanly elementary, and some of the 
instruments described are surely obsolete 

The rest of the book 1s very useful indeed Separate 
chapters (several for nitrogen and phosphorus) give 
methods for determination of chlormity, pH, nitro- 
gen, phosphorus, silicon, carbon, oxygen, alkalmity 
(an account of the carbon dioxide system 1s mter- 
polated), conservative elements by micro methods, 
trace metals and plankton pigments Others describe 
filtration methods, and sediment analysis In each 
chapter, mtroductory notes explam the application 
and chemistry of the methods, which are then given 
tersely ın a form easy to follow at the bench Remarks 
on matters of technique, mterference, and accuracy 
come last The methods are well chosen and it 1s 
evident that Dr Barnes 1s drawing on considerable 
experience It 1s a little surprismg that he does not 
mention the determination of pH with indicators, as 
it 1s easy to get quite good results with very simple 
gear  Heshould be well able to explain and set out the 
corrections needed for this method, which 1s still in use 

There are more than 420 references, some 60 of 
which are in an appendix bringing them up to July 
1958 These are invaluable, although there are few 
from Russian sources The 45 tables are mostly 
relevant, but ıt 1s not easy to see the need for 
reciprocals of atomic weights, nor for a complete 
list of the symbols recommended by the Chemical 
Society The index ıs thorough The binding and 
paper seem rather too absorbent for a book which 1s 
certain to be used a great deal on the laboratory 
bench F A J ARMSTRONG 


ATLANTIC HYDROMEDUSAE 


The Carlsberg Foundation’s Oceanographical Ex- 
pedition round the World 1928-30 and Previous 


“‘Dana’’ Expeditions 
"Dana" Report No 46 
Atlantic Ocean and Adjacent Waters 
Kramp Pp 283+2 plates (Copenhagen 
Fred Hest and Son, 1959) 60 Danish kr 


HIS work, by one of the world’s most know- 
ledgeable experts on the subject, ıs a valuable 
addition to the excellent series of Dana Reports 
It will paitly replace and partly help to guide us to 
the multitudinous works on medusae in so many 
scattered journals, although it has not a complete 
literature list 
One might wonder how far this new volume over- 
laps Russell’s monograph on the “Medusae of the 
British Isles" published in 1953 and 1f ıt 1s necessary 
or desirable for both to be at hand That there is 
considerable overlap ıs inevitable and as ıt should 
be, but the two serve distinct purposes Russell 1s 
confined to British waters—but not as defined by 
the Convention '—and ıb has much more detailed 
descriptions with details of the hydroids and their 
development where these are known Kramp covers 
a much wider field An example which illustrates 
this difference is given by the genus Phialidium 
Russell describes two species but Kramp twelve and 
four doubtful ones Kramps description of P 
hemasphaericum ıs contained in ten lines, and Russell's 
in ten pages 
This new reportisinthreesections The first occupies 
74 pages and 1s a systematic account of the species 
taken on the Dana cruise, 1928-30, and ın collections 
made at the request of the Dana Committee Not 
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only are very full taxonomic descriptions given, often 
clearing up doubtful nomenclature, but also brief but 
useful summaries of distribution, both geographically 
and m depth It contams descriptions of three new 
species and one new subspecies 

The second section, of more than a hundred pages, 
1$ a survey of all the hydromedusae which have up 
to now been found in the Atlantic and adjacent 
waters, a term mterpieted to mclude the Caribbean, 
Davis Strait and Baffin Bay, the Mediterranean, Black 
Sea and the waters north of European USSR 
truly a wonderful coverage This section will be a 
boon to those strugghng with the systematics of 
medusae as ıt has a diagnosis of every family, genus 
and species, and with keys to all species at present 
considered valid It makes extensive use of Russell’s 
book and his Plankton Sheets for those species that 
are given therein, but 1ts wider field will make 16 a 
most valuable aid towards the determunation of 
medusae by workers everywhere The descriptions 
are concise and thew arrangement helps to make 
them simple to follow The keys, too, are clear, and 
if only the medusae themselves were always as clear 
ther determmation would be much easier It is 
scarcely the author’s fault that medusae are so often 
damaged that in practice the answer to some of the 
questions may be just a question mark Because of 
the changes during development the section is con- 
fined to the adult forms This 1s a pity because so 
often the young stages found m the plankton can be 
puzzling I was disappointed to see that Kramp had 
not done more to lnk the medusae with ther hydroids 
as there 1s now a great deal of information on this, 
but he probably considered 1t to be outside the par- 
ticular relevance of the book Doubtful species are 
mentioned m case future research should pomt to 
them validity In this section, too, then distribution 
18 concisely mentioned 

The third section 18 for the ecologist and 16 describes 
the composition of the fauna of the hydromedusae 
within each of the zoogeographical regions of the 
area—the Black Sea excluded—and based on the 
distribution of the water masses The number of 
regions 18 generous in its coverage, with details 
separately given for four ecological groups—neritic, 
slope, oceanic epipelagic and bathypelagic—each 
bemg regionally subdivided The neritic gioup is 
given extensive subdivision, first mto eight major 
regions, for example, Arctic, East Atlantic Boreal, 
ete, and then into provinces, for example, Atlantic 
coasts of the British Isles, Channel, North Sea, Baltic, 
Norway north of Bergen, Iceland Russell, m 1935, 
laid stress on the value of certain medusae as ‘indicator 
species’, and the detail given in this section of Kramp s 
book will be invaluable m this respect It 1s only to be 
expected that further research will widen our know- 
ledge of the distribution of many of the medusae, 
and although 16 1s obvious that Kramp realizes this 
(for example, at the bottom of p 266), I found some 
of his statements too dogmatic, and once in erro 
On page 210 he says that Ptychogena lactea, 1s ‘‘en- 
tuely lackmg m the East-Atlantic boroal region" 
The Seotw took this species in the Faroe Channel 
in June 1958, and mdeed Kramp himself confirmed 
the identification 

Like other Dana Reports, the proof-reading and 
production have been excellent Those interested in 
the systematics of medusae or in the ecology of the 
water masses will certamly want to have this volume, 
and I have no doubt that their copy will before long 
be well thumbed J H FRASER 
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An Anthropologist at Work 

Writings of Ruth Benedict By Margaret Mead Pp 
xxu+ 5834-8 plates (London Martin Secker and 
Warburg, Ltd, 1959) 42s 


Re BENEDICT and Margaret Mead are two 
of the best-known names m American anthro- 
pology, and certainly the best known to the general 
public, because their writings have a popular appeal 
and have appeared in cheap editions ^ This 1s a book 
by the second about the first, or rather ıt 1s a book 
about Ruth Benedict and her circle, among whom 
Margaret Mead was a promment figure, as she 1s m 
the book It contains a number of articles—and 
also poems—by Ruth Benedict interlarded with 
mtroductory pages by Margaret Mead Some of the 
articles have already appeared m print elsewhere, 
and the unpublished ones contam so little of scientific 
mterest that ıt scarcely seems worth while committing 
them to prmt, and, mdeed, 1t must be said that 
much of Ruth Benedict’s writing fell into the class 
of higher journalism rather than mto that of scientific 
anthropology It could, however, be said that 1b 1s 
often helpful in evaluatmg an anthropologist’s 
writings to have some knowledge of him as a person 
and of his private mterests That would be true, but 
a brief memoir would have served the purpose better 
than a book of more than 500 pages and so constructed 
that the subject of the memor 1s constantly inter- 
1upted by its editor and the editor by its subject 
Moreover, even an English anthropologist, who might 
be expected to find an account of his American 
colleagues of interest, may find, as I have, the 
company somewhat dull Those who are not anthro- 
pologists will, I fear, find 1t tedious, for what can be 
more tedious than the doings and views of persons 
we have scarcely heard of, and persons of no very 
great importance ? An answer to that question might 
be, the revelation of them feuds and personal anti- 
pathies Some of the gossip may be true and might 
be spoken, but 1t ought not to have been published 
In print so soon—for example, what 1s said about the 
late Prof Radcliffe-Brown , for 1b 1s not as though 
relations between other persons mentioned are 
treated with complete candour It 1s a pity that the 
mitial sympathy and admiration which many of us 
have felt towards Ruth Benedict, an able woman who 
left some important writings behind her, and also 
towards the centre of the circle, Franz Boas, should 
m the course of reading this memorial volume be 
lost j E E EvANS-PRITCHARD 


Nuclear Reactors for Power Generation 
Edited by E Openshaw Taylor Pp vu+l44 
(London George Newnes, Lid, 1958) 21s net 


ELE basis of this book 1s a short course of lectures 
given at the Heriot-Watt College, Edinburgh 
The first and the final chapters provide a reasonable 
survey of the application of nuclear power The 
first of these chapters deals with the world energy 
requirement, and the importance of nuclear power 
to the United Kingdom, the United States, the 
USSR, and the remainder of Europe The final 
chapter considers the economic application of 
nuclear power, dealing with the choice of steam cycle, 
fuel burn-up and the importance of a high load 
factor In this latter context pumped storage schemes 
are discussed 
The five mtermediate chapters provide a short 
technical survey aimed at providing engmeers con- 
cerned with the construction and operation of nuclear 
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power plants with a background of mformation 
The text ıs not intended for the designer The 
chapter on materials is the exception, however, 
and is more detailed Certamly the designer would 
find 1t a useful survey of the likely 1eactor materials 
The potential reactor operator would probably 
advocate more space being allowed for safety and 
instrumentation, to enable the control systems of 
the current electricity authorities’ nuclear power 
stations to be described m detail 

A considerable trammg progiamme for technicians 
and operators will be necessary as the large nuclear 
power stations begin to be commissioned from 1960 
onwards This book provides a summary of a typical 
course R Vaux 


Disposal of Radioactive Waste 
By K Saddimgton and W L Templeton Pp x+102 
+8 plates (London George Newnes, Lid, 1958) 
l7s 6d net 
HE disposal of radioactive waste material is a 
problem which had to be faced when the pro- 

duction of radioisotopes commenced on a large scale 
both in Great Biitam and elsewhere It will, of 
course, become of mereasmg importance as the 
atomic energy power programme expands and the 
use of radioactive material increases m industry and 
the medical fields 

The authors have provided a book which should 
do much to enbghten the general reader and, at the 
same time, act as a useful work of reference for those 
working m the field of atomic energy 

Although ıt 1s claimed that the book 1s designed to 
assist sanitary engmeers, the mam emphasis 1s on 
the wastes arismg at reactor stations and fuel- 
processing establishments A more detailed account 
of the problems arising in industry would have been 
an advantage 

The important biological aspects are desciibed very 
fully, perhaps too fully, having in mind the class of 
ieader for whom the book ıs mtended Certain of the 
othe: chapters could have been expanded to provide 
more guidance to those outside the UK Atomic 
Energy Authoirty 

Tt 1s quite impossible m a book of this size to give a 
comprehensive account of all the problems and their 
solutions Nevertheless, the authors are to be con- 
gratulated on a good attempt to provide a general 
survey of the disposal of radioactive wastes 


Selections from Modern Abstract Algebra 
By Richard V Andree Pp xu+212 (London 
Constable and Co, Ltd, 1958) 42s net 


A BETTER title for this book might be “An Easy 
Introduction to some Ideas m Modern Abstract 
Algebra" It ıs often said that abstract algebra 
demands little manipulative technique but a con- 
siderable degree of mathematical maturity, the 
object of this book 1s to enable the novice to acquire 
that maturity, startmg from httle more than basic 
notions about integers and real and complex numbers 
The early chapters discuss logical ideas and concepts 
such as equivalence classes and congruence in detail, 
with plenty of illustrations and exercises chosen over 
a wide field, explanations are full and generally 
careful, though the reader may be left ın doubt on 
whether a postulate 1s or 1s not the same thmg as an 
axiom (p 11), and the description of a series as 
“convergent, perhaps finite” (p 24) 1s unfortunate. 
Boolean algebra receives adequate discussion, with 
examples from logical puzzles and circuit theory 
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Groups, matrices, determinants fields, rings and 
ideals are then brought m at a gentle pace, with a 
wealth of concrete illustration The authoi does not 
disdam to exhibit a diagram of tbe inter-relations of 
fields, mntegral domams, commutative rings, rings, 
which should help the beginner in the rather tiresome 
task of remembering the connexions and differences 
of these concepts The Cayley-Hamilton theorem for 
matrices 1s proved, and ın dealing with groups the 
reader 1s led to see the importance of the Jordan— 
Holder theorem, though the proof is omitted 

The author tells us that the lecture courses on which 
this book 1s based have been increasmgly popular in 
the University of Oklahoma, and that engineermg 
students have found the work on Boolean algebra 
and matrices valuable and stimulating One can 
readily believe this, for the style 1s easy and informal , 
most readers will be keen to go further, and for them 
the carefully selected references to more advanced 
works will be useful T A A BROADBENT 


The Terpenes 

By the late Sw John Simonsen and Dr W C J 
Ross Vol 5 The Triterpenes and ther Derivatives 
—Hydroxy Acids, Hydroxy Lactones, Hydroxyalde- 
hydo Acids, Hydroxyketo Acids and the Stereochemis- 
try of the Triterpenes With Addenda to Volume 3 
by the late Sir John Simonsen and Dr P de Mayo 
Pp rx+662 (Cambridge At the University Press, 
1957) 84s net 


OLUME 5 of this well-known series contains a 
comprehensive summary, up to about 1954, of 
work on the subjects named in the title <A few 
references and rather more ideas date to about 1956 
An mmportant section 1s concerned with the classical 
stereochemistry of the various then known triterpene 
skeletons, with some consideration of conformational 
questions As in previous volumes, conformational 
formulae are inadequately used, but the volume marks 
a distinct improvement in this iespect There is a 
considerable addendum bringing up to 1956 work on 
configuration and structure in the sesquiterpene and 
diterpene series 
Inevitably ın a rapidly moving field the book ıs 
seriously out of date For example, a number of 
structures quoted have been superseded and many 
others then unknown have since been determined 
There ıs. inevitably, no consideration of important 
recent methods such as rotational dispeision, but a 
rather full account of the use of molecular rotation 
differences However, 16 can form a starting pomt 
for the reseaich worker and provides some useful 
summaries of more classical aspects of the subject 
for teaching purposes A J Birce 


Carbon Dioxide in. Water, in Wine, in Beer and 
in other Beverages 

By F Justm Miller Pp 49 (Oakland, Cahf F Jus- 

tin Miller, 3166 Burdsall Avenue, 1958) 1500 

dollars 


HIS memoir comprises three almost independent 

essays on (a) a numerical method of representing 
the gas pressure relationships m various carbonated 
beverages, (b) the rate at which such beverages 
become impregnated by the gas, and (c) the rate at 
which the gas 1s lost from the carbonated liquids 
under various conditions No radically new con- 
ceptions are developed but numerous graphical and 
tabulated data are meluded and the discussion covers 
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many vexed questions such as the role of nucle: and 
agitation m the effervescence of carbonated drinks 
and the suggestion, not supported m the present 
thesis, that various forms of bondmg of carbon 
dioxide, for example, to protems or as “carbonic 
acid”, play a part Some readers may find the 
presentation rather verbose and obscure and may 
feel somewhat perplexed by the description of 
numerous ‘experiments’ where it 1s not always easy 
to appreciate either the objects or the results Further- 
more some at least of the ideas will be provocative as, 
for example, the view that solutions of ca1bon dioxide 
in aqueous liquids may be regarded as dispersed 
systems similar to emulsions It ıs further suggested 
that mereasing the level of disturbance durmg 
carbonation results ın a coarser ‘emulsion’ so that the 
gas 1s entrapped nm comparatively large aggregates 
which are unstable and tend to give rise to over- 
foaming (‘wildness’ or ‘gushing’) when the pressure 
1s released While this view may help m describing 
the phenomenon of gushing, ıt leaves out of account 
much that 1$ known from scientific experiment about 
this behaviour and moreover does not in any material 
way contribute towards means of controlling or 
avoiding the defect As this ıs only one example 
illustrating the general character of this monograph 
it will be clear that the latter makes no claim to be 
comprehensive , but, nevertheless, 16 contains a good 
deal of interest to the physical chemist as well as 
much that will be stimulating to the more technical 
reader A H Coox 
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Animal Behaviour 

By Dr John Paul Scott (The College Library of 
Biological Sciences) Pp x1+281+16 plates — (Chi. 
cago, Ill University of Chicago Press, London 

Cambridge University Press, 1958) 37s 6d net 


HE particular value of this book is that ib 1s 
comprehensible to reasonably mtelligent people 
who have not steeped themselves in the Jargon of the 
ethologists It may be used as a text-book because 
1t covers well the general field of animal behaviour, 
especially in basic social aspects, but the book 1s also 
an introduction which will subtly draw the student 
forward mto a wider range of reading The Scientific 

discipline throughout 1s commendable 
Animal behaviour 1s concerned with the activity of 
the whole organism and groups of organisms what 
an animal is doing 1s as important as what 15 1s, and 
behaviour 1s one of the cent1al problems of existence 
Dr Scott develops his work from the elements of 
behaviour, the limitations imposed by anatomy, and 
the internal causations from physiology, to the sub- 
ject of learnmg and the effects of experience This 1s 
straightforward gomg with field and laboratory 
illustration, but when the study of organization of 
behaviour and social organization 1s reached Dr Scott 
becomes an inspiring teacher He ıs not to be classed 
with those practitioners m ethology who cannot see 
wood for trees he becomes a naturalist seemg 
individuals and populations m ther larger environ- 
mental settmg The problems of developing sociahity 
and social disorganization in relation to ecological 
factors are well chosen and illustrated and the reader 
is left wondermg—a valuable mental state—about 
the puzzling field of the gene complex in relation to 
homeeostasy and habitat selection m very shghtly 
different races of animals It is something of an 
achievement to write so simply without writmg down 

F Fraser DARLING 
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THE TANDEM GENERATORS OF THE UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY 


By K. W. ALLEN and F. A. JULIAN W. D. ALLEN and A. E. PYRAH 
Atomic Weapons Research Establishment, Aldermaston Atomic Energy Research Establishment, Harwell 
AND 


J. BLEARS 


Metropolitan-Vickers Electrical Co., Ltd., Trafford Park, Manchester 


HE electrostatic generator, associated with the of negative ions ; at energies of 10 keV., for example, 

name of Robert J. Van de Graaff, has emerged a hydrogen ion beam passing through hydrogen gas 
during recent years as one of the principal instruments can emerge with 2 per cent in the form of H 
in nuclear physics in the range 1-6 MeV. Its advan- Unwanted particles, such as neutrons and electrons, 
tages are those of flexibility and precision. The type are removed from the negative ion beam by the 
of ion accelerated (proton, deuteron, helium-3, etc.) action of a weak magnetic field before injection 
and its energy can be readily varied, while at a given into the electrostatic generator. The beam is then 
setting the beam energy can be 
controlled to 0:02 per cent. The 
principal limitation of the machine 
is that terminal voltages greater 
than 6 MV. are difficult to attain, 
and, until very recently, no electro- 
static generator had produced 
hydrogen ions with energies in 
excess of 10 MeV. As a result, 
studies of nuclei using electrostatic 
generators have been limited to the 
lighter- and medium-weight ele- 
ments. With energies of 12-14 MeV., 
these studies can be extended to 
the heaviest elements. 

The idea of utilizing the principle 
of charge-changing to obtain doub- 
ling of energy in an accelerator is 
due to W. H. Bennett, who patented 
the idea about twenty-two years 
ago. Renewed interest was shown 
in the proposal following an article 
written in 1951 by Alvarez', who 
pointed oufmany of the advantages 
associated with voltage-doubling, 
and an important contribution was 
made by Weinman and Cameron?, 
who developed an ion source which 
yielded 25 pamp. of negative hydro- 
gen ions. 

Briefly, the tandem generator?.* 
depends on the voltage multiplica- 
tion which can be achieved by 
injecting negative ions into an 
electrostatic generator in which the 
stack, instead of being single-ended 
as in a conventional machine, 
extends throughout the length of 
the pressure vessel. 'The negative 
ion source is thus at earth potential 
and outside the pressure vessel, à 
factor which is of importance, as 
we shall see below. Negative ions 
are conveniently formed by the 
passage of positive ions through 
gases at velocities corresponding 
approximately to the velocities of 
the outer orbital electrons. These 





x . MC Fig. 1. Model of the tandem generator building at the Atomic Energy Research 
conditions favour the formation Establishment, Harwell 
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accelerated by the positive volt- 
age on the central electrode, and 
as a result of this acceleration, the 
ions are moving with a centre of 
mass velocity large compared with 
that of the outer electrons about 
the nucleus. In these cireum- 
stances, the passage of the ion 
beam through a thin foil or tube 
containing gas at low pressure 
causes electrons to be stripped off, 
so that the emergent beam con- 
sists of positively charged particles. 
The energy lost by the beam in 
pass through the stripper is 
negligible (<0-5keV.). The positive 
ions are then further accelerated 
through the second half of the 
stack. Thus, an H- ion of charge e, 
injected into a stack with a central 
electrode of V volts, will emerge 
with energy of 2 Ve electron volts. 
Oxygen ions which are injected as 
O- and lose, for example, five 
electrons at the central electrode 
will finally emerge with an energy 
6 Ve, and so on. 

The tandem generator has many 
possibilities. Proton and deuteron 
beams with energies of ~12 MeV. 
and oxygen ions with energies of 
30-40 MeV. can readily be obtained. 
In the more distant future, ion 
beams of helium, lithium, fluorine 
and any other element capable of 
forming negative ions (a criterion 
which includes about half the 
periodic table) may be produced. 
The fact that the ions are generated 
outside the pressure vessel at or 
near ground potential means not only that the 
source of most of the troubles in an electrostatic 
generator is readily accessible for maintenance, but 
also that there are virtually no limits to the power 
consumption, size and complexity of the injector 
system. Thus, millimicrosecond time of flight 
techniques, which are important in many experi- 
ments, are more readily applied in the tandem 
generator than in the conventional machines, since 
defiexion and bunching can be applied to the low- 
energy beam before injection. Finally, it may be 
possible in the future to polarize the nuclei of negative 
ions, and eventually to produce beams of accelerated 
polarized protons. 

A horizontal tandem generator has been developed 
by the High Voltage Engineering Corporation, of 
Burlington, Massachusetts, for the Chalk River 
laboratories of Canada, and came into operation in 
January of this year, following successful trials in 
Burlington. In 1956 interest in the tandem generator 
was growing in the United Kingdom Atomic Energy 
Authority, because the potentialities of the machine 
as a tool for nuclear research have a direct bearing 
on the atomic energy programrne. Thus, precision 
studies of the energy-levels of the heaviest elements 
can for the first time be made with beams of protons 
or deuterons from the machine; similar studies can 
be made of the energy-levels and level densities in 
the region of the periodic table occupied by the 
fission products. Finally, the availability of high- 
energy deuteron beams makes possible neutron 
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Fig. 2. Arrangement of the gas stripper used to convert negative ions into positive ions in 
the high-voltage terminal 


sources in the region of 8-12 MeV., a region which 
has hitherto constituted a gap in the energy of 
neutron sources readily available from conventional 
machines. 

In June 1956, therefore, it was decided to build 
two machines for the Atomic Energy Authority, one 
at the Atomic Weapons Research Establishment, 
Aldermaston, and the other at the Atomic Energy 
Research Establishment, Harwell. A contract was 
placed with Metropolitan-Vickers, Ltd., for the 
engineering components of the British machines ; 
the Atomic Weapons Research Establishment under- 
took the development of ion sources and strippers, 
while the provision of accelerating tubes was the 
responsibility of the Atomic Energy Research Estab- 
lishment. A vertical design was chosen because there 
is no experience in Great Britain of the construction 
of horizontal machines, and it was felt that the 
engineering difficulties in a vertical machine would be 
less severe. There are, however, other advantages in 
a vertical design. In a vertical machine, a much 
greater weight of equipment can be placed in the 
centre terminal, so that the possibility presents itself 
of using the machine as a conventional single-ended 
machine as well as a tandem. Also, with a vertical 
machine, the beam can be delivered to any point in 
a horizontal plane by 90° deflexion in a single 
rotatable magnet. In Fig. 1 is shown a photograph 
of the model of the tandem generator at Harwell; 
the target rooms are disposed in a semi-circle, with 
two shielding walls dividing the area into three 
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Fig. 3. Vertical section of the tandem generator 


sections. In this way, experimental equipment can 
be set up in one room while an experiment is in 
| progress in a neighbouring room. 
Jon the Aldermaston machine, stripping of the 
. negative ions in the centre terminal is achieved by 
, passing the beam through a tube 24 in. long and 
0-14 in. in diameter containing oxygen gas at low 
Precise control of the injected beam is 
required in order to maintain an accurate focus at 


_ the centre of the stripper tube for all centre terminal 


| voltages in the operating range of the machine. The 





NATURE 





305 


advantage of the gas stripper is its indestructibility ; 
however, considerable suecess has been achieved at 
Harwell in stripping with thin carbon films 4-5 
ugm./em.* thick, and analysed proton beams up to 
2 amp. have been focused on targets. The com- 
ponents of either gas stripper or foil stripper are 
mounted on a flat plate which forms the greater part 
of one side of the aluminium alloy chamber (Fig. 2). 
which joins the two accelerating tubes. The type of 
stripper or any of its components may therefore. be 
changed at will without affecting the overall align- 
ment of the accelerator. 

The injector system, which is. described elsewhere’, 
is based on a Thonemann ion source used in the . 
manner first suggested by Phillips and Tuck; T£ > 
is essentially à positive ion source in which electron 
exchange with neutral atoms takes place in tlie exit 
canal. Lens voltages following the canal are roversed, 
as compared with the typical positive ion source, 80 
that only negative ions emerging from the canal are 
accelerated. After magnetic analysis to remove elec- 
trons and unwanted ions, the ion beam from the. 
source is further accelerated and focused by electro- 
static lenses. It enters the first accelerating tube of 
the main machine with an energy in the range 
40-120 keV., depending on the centre terminal 
voltage. An optical method, suggested by R. Middle. 
ton, of observing the beam in the centre terminal 
has shown that à focus about 3 mm. in diameter can 
be obtained. 

Identieal accelerating tubes each 14 ft. long are 
used in the two halves of the machine. The tubes 
consist of highly polished aluminium electrodes 
cemented to accurately ground-glass rings. As in the 
Chalk River machine?, the bulk of the gas used in 
stripping is pumped down the lower accelerating 
tube. This minimizes the loss of negative ion. beam 
due to eharge neutralization in the upper tube. 

The engineering of the machine, which will be 
described elsewhere, is shown in section in Fig. 3. 
The pressure vessel is 45 ft. long, weighs 45 tons, 
and when fully pressurized contains about 2 tons 
weight of nitrogen mixed with carbon dioxide or 
freon. Access to the machine for general servicing is 
by the manholes at the base, from which personnel 
can be hoisted by a lift with driving mechanism 
situated outside the pressure vessel near the top. 

The accelerators at both Establishments have been 
operating satisfactorily for several months. Proton 
and deuteron beams with energies up to 11-5 MeV. 
have been used in experiments, and currents up to 
8 uA. at somewhat lower energies are also available, 

We wish to express our gratitude to our many 
colleagues in Harwell, Aldermaston and Metropolitan- 
Vickers who have contributed to thé success of these 
machines. In particular, we should like to mention 
A. J. Marriott, J. R. Henry and F. A. Howe of 
Aldermaston, R. H. V. Dawton and J. H. Partridge 
of Harwell, and G. W. C. Cogle and J. Roxburgh of 
Metropolitan- Vickers. 

Tt is also a pleasure to acknowledge the support and 
encouragement, we have received at all times from Sir 
William Cook and Mr. D. W. Fry, of the Atomie 
Energy Authority, and the Directors of Metropolitan- 
Vickers. 
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UNIVERSITY OF MALAYA IN KUALA LUMPUR 
By Pror. R. D. PURCHON 


Professor of Zoology, University of Malaya at Singapore ` 


NV ios less than ten years from its foundation 
(October 8, 1949) the constitution of the 
University of Malaya has been radically altered by 
ordinances’ enacted by the Governments of the 
Federation of Malaya and of the Colony of Singapore. 
"Phe chief purpose of these enactments was to create 
a new Division of the University at Kuala Lumpur 
“in the Federation of Malaya. The new constitution 
came into effect on January 15, 1959, and tha 
University now comprises three bodies. 

The University of Malaya (chancellor, the Right 
Hon. Malcolm MacDonald; vice-chancellor, Dr. A. 
Oppenheim). The main functions of the University 
“of Malaya are the maintenance of co-ordination 
between the two Divisions, and the conferrent of 
degrees. The authorities are the Court, the Central 
Council and the Guild of Graduates. 

The University of Malaya in Singapore (principal, 
A. A. Sandosham). The authorities are the Divisional 
Council and the Divisional Senate. This Division of 
the University continues to function as before, except 
for the transfer to the newly created Division at 
v. Kuala Lumpur of the Departments of Geology and 
Engineering and of certain Departments in the 
Faculty of Arts. , 

The University of Malaya in Kuala Lumpur 
(prineipal, F. Mason). This is similarly administered 
by a Divisional Council and a Divisional Senate, and 
is accorded equal status with the establishment in 
Singapore. This Division comprises Faculties of 
Arts, Science and Engineering, while the Department 
of Agriculture will doubtless be accorded the status 
of a faculty in the space of a few years. The Depart- 
ment of Engineering was transferred as a whole from 
Singapore a year ago, and is now fully developed in 
new buildings in the Pantai valley at Kuala Lumpur. 
The Department of Geology is in the process of 
moving, only first-year students being taught in 
Kuala Lumpur during the present session; when 
the move has been completed, this subject will cease 
^to be taught at Singapore, thus diminishing the 
diversity of subjeets taught in the University of 
Malaya in Singapore. However disappointing this 
may be, this rationalization is unavoidable, at least 
in the early years under the new constitution. 

Development of the University site in the Pantai 
valley at present includes the completed buildings of 
the Faculty of Engineering, one residential college 
and an estate of staff houses. Plans are already at 
;,&n advanced stage for the buildings for the Faculties 
-of Arts and Science and for the Department of 
Agriculture. Although these buildings will not be 
-eompleted for a year, students have been enrolled 
“into the ‘intermediate year’ of the science course and 

teaching has begun with skeleton staffs in temporary 
quarters in a local school, the Victoria Institution. 

The Asia Foundation has made a most generous 
offer of help regarding the provision of & nucleus of 
books for the library at Kuala Lumpur. Consideration 
is being given by the University authorities to the 
methods whereby the books and journals in the 
library at Singapore can be made available to students 
in Kuala Lumpur, but care must be taken to ensure 
that the one excellent library is not split into two 
mediocre ones. 


Appointments to the newly created chairs in. 


science subjects are as follows: 
Agriculture. 


The creation of a Faculty of Agri- 


culture at the present time has been made possible | 
by the generosity of the Government of New Zealand, | 


which provided £NZ250,000 specially for this purpose : 
under the Colombo Plan Technical Co-operation | 
It is therefore a happy circumstance thaf 


Scheme. 


the first professor of agriculture should himself be à: 


New Zealander. 


further year at Canterbury Agricultural College. 
During the Second World War he served with the 


Prof. G. M. Davies, who was born: 
in Dunedin, graduated at the University of Otago 
and Massey Agricultural College and then spent a 


Royal New Zealand Air Force, and won the Dis. 


tinguished Flying Cross in 1942. After the War, Mr. 
Davies worked for three years in New Zealand, first 
as a farm appraiser with the State Advances Cor- 
poration and then as senior lecturer in soils and 
fertilizers at Massey Agricultural College. In 1948 
Mr. Davies moved to the United Kingdom, where he 


remained for ten years as a regional grassland hus- 
bandry officer in the National Agricultural Advisory 


Service. 


Botany. Prof. M. E. D. Poore, the first incumbent. 
of the chair of botany, brings to the newly created 


Department several years of ecological experience. 
Graduating from the Botany School at Cambridge, 


Dr. Poore gained his doctorate in 1954. He studied . 
for a time with Braun-Blanquet in the Montpellier `: 


Sehool and then joined the Nature Conservancy at 


Edinburgh, where he initiated a survey of Scottish . 


mountain vegetation, for which he is well known. 


He then joined Hunting Technical Services as &. 
consultant ecologist and spent some three years in 
the Middle East. Here, Dr. Poore surveyed the soils, 


vegetational units and agrieulture of Cyprus, Jordan 


and Iraq with the view of outlining potentialities for ` 


agricultural development in these countries. 

Chemistry. The University of Malaya in Kuala 
Lumpur is fortunate indeed to have been able to 
attract Prof. R. A. Robinson to this important 
appointment. 
University of Birmingham, where he was awarded 
the degree of Ph.D. in 1929, and the degree of D.Sc. 
in,1936. Dr. Robinson held a Commonwealth Fund 
Fellowship at the University of Pennsylvania and at 
Yale University, and then held a Sterling Research 
Fellowship at Yale. Dr. Robinson had appointments 
at University College, Exeter, and at Auckland 
University College until the Second World War. 
During most of the war years he held a senior post 
in a Chemical Warfare Department. In 1948 he was 
appointed to the chair of chemistry at the University 
of Malaya (in Singapore) and holds that post until 
he returns from a period of study-leave abroad to 
take up his new appointment in Kuala Lumpur. 
During his years at Singapore, Prof. Robinson haa 
served a full tour of duty as dean of science, and has 
also served for a period as acting vice-chancellor. 
He will therefore bring to Kuala Lumpur an invalu- 
able store of administrative experience. Prof, 
Robinson is best known for his research in the field 
of electrochemistry, and is the author of a standard 
monograph in this subject. 


Prof. Robinson graduated at tho 
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< Geography. Prof. Robert Ho, who has been ap- 
`- pointed to the chair of geography in the University of 
‘Malaya in Kuala Lumpur, graduated from King's 
"College, London. He was awarded the degree of M.A. 
in the University of London in 1950. He has studied 
|,80il survey at Rothamsted, and soil analysis in the 
Department of Agriculture at Oxford. He was 
appointed to the staff of the Department of Geo- 
graphy in the University of Malaya (in Singapore) in 
1948 and has been acting head of that Department 
from 1957 until his present preferment. 
: Mathematics, The University of Malaya in Kuala 
Lumpur is fortunate in recruiting Prof. C. J. Eliezer 
¿to the chair of mathematics. Prof. Eliezer is of 
.Ceylonese nationality; he graduated from the 
; Department of Mathematics at Cambridge, was 
awarded the degree of D.Sc. in the University of 
‘London, and has oceupied the chair of mathematics 
at. the University of Ceylon since 1949. He is a 
mathematical physicist who is best known for his 
"fündamental research in the field of quantum 
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mechanics. Having served for three years as dean 
of seience in the University of Ceylon, Prof. Eliezer 
will have. much experience to offer in the develop- 
ment of the new Faculty of Science at Kuala 
Lumpur. 

Zoology. Prof. J. R. Hendrickson, who has been 
appointed to the chair of zoology, was trained àt the 
University of Arizona and at the University of 
California at Berkeley, and joined the staff of the 
University of Malaya (in Singapore) in 1951. He is a 
vertebrate zoologist with wide experience and with 
special interests in herpetology and ecology. His... 
study of the biology of the green sea turtle will. 
doubtless become known as a classic example of 
objectivity in field research under difficult conditions. 
His practical experience of the fauna of the Malayan 
jungle will enable him to endow his Department 
with an appropriate trend in teaching and research, 
while his fluency in colloquial Malay will make him 
specially acceptable in this virile and newly emergent 
country. 


D CONTINUOUS-FLOW CULTURE OF THE FILAMENTOUS MOULD 
|n PENICILLIUM CHRYSOGENUM AND THE CONTROL OF ITS 
MORPHOLOGY 


By S. J. PIRT and D. S. CALLOW 


Microbiological Research Establishment, Ministry of Supply, Porton 


JN a recent report? we described the application of 
"4 continuous-flow technique? to culture of the mould 
Penicillium chrysogenum, which is used for penicillin 
production. This technique has now been used by 

us to elucidate the influence of pH value on the mor- 
phology of P. chrysogenum in submerged culture. 
_ Phe morphology of the mould is considered to be of 
| importance in the process of penicillin production’. 
The role of agitation in determining the morphology 
ff the mould has been stressed by Duckworth and 
Harrist and. by Dion, Carilli, Sermonti and Chain? ; 
but so far the influence of pH value on the mor- 
phology has remained unknown. The elucidation of 
the influence of pH. value has been made possible by 

the advent of reliable means for the accurate control 
Of pH value in cultures over long periods*. 


. Aberrant Forms of Fungi in Submerged Culture 


;, One of the problems of continuous-flow culture 
hich we encountered was that the mycelia of newer 
ains of the mould (Wis 49-133. and Wis 54-1255) 
ected for high penicillin production grew initially 
1 filamentous form but after a time in continuous 
ulture the pellet form of growth was obtained. The 
main morphological differences between the fila- 
mentous and the pellet types of mycelium can be seen 
‘by reference to Figs. la and 3. The pellet type of 
myeelium was undesirable because with it steady- 
state growth, that is, a constant mycelium concentra- 
tion in continuous culture, could not be maintained, 
-and also its rate of penicillin production was much 
lower than that of the filamentous form. 

Camiei, Sermonti and Chain* showed that, in batch 
‘cultures, the mycelium develops in the pellet form if 
the inoculum is below a certain size; but in our 
experiments the inoculum was sufficiently large to 
ensure that the mould grew in the filamentous form 










until after the maximum dry-weight concentration 
was reached. 
We found that pellet formation was linked with the... 


production of swollen, distorted, short hyphe, whieh. .— 


mark an aberrant form. Duckworth and Harrist, in 
their observations on the production of this aberrant 
form, included a series of references which emphasized 
that agitation played a part in the process. The 
production of short, swollen hyphæ in vigorously 
agitated cultures of P. chrysogenum under penicillin- 
producing conditions was confirmed by Dion et al.*, 
who attributed it to mechanical damage caused by the 
shearing action of stirring. 

It does not seem to have been pointed out previ- 
ously that abnormally short, much-branched, swollen 
hyphz similar to those found to be characteristic of 
agitated cultures of P. chrysogenum have also been 
found to occur in unagitated cultures of fungi under 
some conditions. Foster’, in a short review of this 
aberrant form, gives references to it going as far back 
as 1857. Pasteur (quoted at length by Foster’), 
Wehmer’, Frey? and Sakamura! have reported the pro- 
duction of this aberrant form by Mucor, Penicillium 
and Aspergillus species. The many different condi- 
tions, for example, lack of oxygen or high acidity, 
considered necessary for the formation of these 
abnormal cells have been summarized by Foster’. 

In this article we deseribe how to produce in & 
vigorously agitated culture of P. chrysogenum either 
the normal, long, thin hyphe or the short, swollen 
type, and also how to prevent pellet formation in 
continuous culture. The importance of control of 
morphology in continuous-flow cultures and in 
aeration is discussed. 


Continuous-flow Culture Method 


Cultures were grown in a continuous-culture 
apparatus developed from the type deseribed by 











308 





(e) (d) 


Fig.1. Mycelial forms of strain Wis 54-1255 in cultures grown at different pH values. (a) pH 


6:0; (b) pH 0:0; (c) pH 6:0; (d) pH 7*4 


Elsworth, Meakin, Pirt and Capell. The pH control 
system was as described by Callow and Pirt*. The 
composition of the medium was (amounts in gm./l.) : 
crystalline magnesium sulphate, 0-25; ferroussulphate, 
0:10; copper sulphate, 60-005; zine sulphate, 
0-02; sodium sulphate, 0-50; manganese sulphate, 
0-024; calcium chloride, 0:075; ethylenediamine 
tetraacetic acid, 0-566; dihydrogen potassium 
phosphate, 2-0 ; ammonium sulphate, 6-15 ; glucose, 
20-0; phenylacetic acid, 1-0. The pH value was 
adjusted with sodium hydroxide. In the inoculum 
culture, which was seeded with spores, phenylacetic 
acid was excluded from the medium and the glucose 
concentration was 10 gm./l. Growth was limited 
by the amount of glucose supplied. There was an 
excess of available oxygen. Vortex aeration was used 
with a stirrer speed of 1,200 r.p.m.; the impeller 
diameter was 0-42 times the vessel diameter; the 
volume of culture in the vessel was 1:71. An antifoam 
agent (‘Alkaterge-C’ (Commercial Solvents, Terre 
Haute, U.S.A.) 30 per cent (v/v) in liquid paraffin) 
was added periodically to the cultures at a rate of 
0:1 ml. every hour. The temperature was 25°. The 
dilution rate (flow rate/culture volume) was 0:05 
hr.3, so that the average residence time of the 
mycelium in the culture was 20 hr. The duration of 
culture varied from 200 to 2,000 hr. Changes in pH 
value were made at a rate of 0-1 pH units/hr. for the 
reason given elsewhere!?, and where, also, additional 
details of the continuous-culture method may be 
found. 

The mycelium was stained with cotton blue for the 
photomicrographs. 


Morphological Observations 


During the initial batchwise growth before flow 
was started, the mould grew in the filamentous form 
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until the dry-weight concentration 
was near the maximum, 0-9 per 
cent (w/v). Then continuous flow 
was started and the pH value, 
which initially was 7-0, was raised 
to 7:4 in order to bring it near 
the optimum for penicillin pro- 
duetion. Under these conditions, 
for about the first 100 hr., steady- 
state growth was obtained and the 
dry weight remained at the maxi- 
mum value. The mycelium form 
was of the aberrant filamentous 
type described by Dion et al’. 
The aberrant filamentous form is 
illustrated in Figs. 2b, 4a and ld. 
The characteristics of the aberrant 
form were the presence of short, 
much-branched, swollen and often 
distorted hyphæ. For comparison, 
the normal filamentous type is 
shown in Fig. la. The normal 
type is characterized by long, thin 
hyphe of constant thickness and 
few branches. 

After about 100-200 hr. in con- 
tinuous-flow culture at pH 7:4, 
strains Wis 49-133 and Wis 54-1255 
began to form pellets of mycelium 
and gradually, during a further 
100 hr., the aberrant filamentous 
form gave place almost entirely 
to the pellet form. The initiation 
of pellet formation seemed to be agglutination of the 
hyph within the individual fragments of mycelium. 
When the mycelium was completely in the pellet 
form it sedimented like a suspension of sand grains. 
The pellets resembled the sclerotic type described by 
Thirumalachar and Gopalkrishnan’*. 

The strains differed in their ability to form pellets. 
Although all three strains investigated formed the 
aberrant, filamentous type of mycelium under the 
conditions stated, strain Wis 47-1564, unlike its 
descendant strains Wis 49-133 and Wis 54-1255, 
formed pellets only to a small extent and those that 
were formed did not persist more than about 100 hr. 

Woe discovered, first with strain Wis 47-1564 and 
confirmed later with strain Wis 54-1255, that pellet 
formation and the formation of the aberrant and 
normal filamentous forms were determined by the 
pH value of the medium. The influence of pH value 
on the morphology of the mould may be seen in Fig. 1, 
which shows the appearance of the mycelium grown 
at pH values 6-0, 6:5, 6-9 and 7:4. The average 
length of branches decreased progressively from the 
order 2001. at pH 6-0 to 20u at pH 7:4. The thickness 
of hyphæ was 2-3y at, pH. 6:0, but at 7:4, owing to 
the formation of swollen cells, the thickness covered 
the wider range, 2-18u. Fig. ld shows the large num- 
ber of swollen, yeast-like cells produced at pH 7-4 
and also the beginning of pellet formation. Pellet 
formation was most marked at pH 7-4 but it did oceur 
to a lesser extent at pH values down to pH 6-7 with 
strain Wis 54-1255. 

Lengthening of the hyph: resulted in a marked 
increase in the viscosity of the culture. The culture 
produced at pH 6-7 and higher values flowed easily 
like a bacterial culture, whereas the culture grown at 
pH 6-0 had a porridge-like consistency and flowed 
with difficulty. The dry weights of mycelium in the 
culture were the same at all pH values. 
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(a) 





(b) 
Fig. 2. Normal and aberrant types of mycelium of strain Wis 
47-1504. (a) Long thin hyphæ (normal type) produced by 


growth at pH 6-0; (b) short hyphw containing swollen cells 
(aberrant type) produced by growth at pH 7*4 


The changes in morphology and viscosity accom- 
panying change in pH value were reversed when the 
pH change was reversed, so that, for example, the 
pellet or short filamentous form gave place to the 
long filamentous form when the pH value was lowered 
and vice versa. Microscope observations showed that 
the new form of mycelium produced as a result of a 
pH change arose by new growth from the old form : 
it was not a transformation of the old form. This 
was confirmed by the fact that the rate of appear- 
ance of the new form was approximately equal to 
the growth-rate ; after a pH change it took about 
three days for the old form to disappear almost 
completely. 

The pH value was not the only factor which 
affected hyphal length and morphology ; nutrition also 
was shown to be a controlling factor. Substitution 
of the nitrogen source, ammonium sulphate, by corn- 
steep liquor (filtered, 4:5 per cent (v/v)), which is a 
common constituent of the media used in penicillin 
production, increased the hyphal length, reduced the 
frequency of hyphal branching and prevented the 
formation of swollen cells at pH 7:4. The effect of 
addition of corn-steep liquor is shown in Fig. 4. These 
results strongly suggest that corn-steep liquor contains 
some substance which stimulates the production of 
the normal morphological type. 
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Pellet mycelium of strain Wis 49-133 produced at pH 7:4 
(a) 


Fig. 3. 





fal 
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(b) 


Mycelium of strain Wis 49-133 grown at pH 7-4. (a) With 


Fig. 4 
ammonium sulphate as the nitrogen source; (b) with corn-steep 
liquor as nitrogen source 


Conclusions : Possible Role of Cell Wall 
The conclusions we draw are that: during growth 
of P. chrysogenum in agitated culture the hyphal 
length decreases with increase in the pH. value above 


othe cell-wall structure. 






6-0; “the hyphal l length i ig a minimum at t pH. 7 4-7 4 
vand higher values. "Extensive formation of swollen 
-Golls occurs at pH values above 7-0, this property and 
the hyphal length being influenced by the medium 

composition. Pellet formation occurs at pH. values 

above 6-7 but it also shows dependence on strain, 

= The increase in the length of hyphæ with decrease 

in pH value we interpret to mean that the resistance 

of the cells to shear increases with decrease in pH 

value. We attribute the varying resistance to shear 

‘and the production of swollen cells to variation in 
n This idea was suggested 
i. tous by the recent bacterial studies which have shown 


| that the mechanical strength of a bacterial cell resides 


in its cell wall, and by analogy we suppose that the 


. resistance of the fungal cell to mechanical forces is 


- determined by its cell-wall structure. This hypothesis 
; implies that the cell-wall structure or composition 
: depends on the pH. of the environment during growth. 


Also swollen cells could be due to a change in cell-wall 


structure involving loss of rigidity and consequent 
inability to resist the internal osmotic pressure. 

From the practical point of view the long hyphæ 
produced at a low pH value are undesirable because 
they make the viscosity of the culture high and con- 
sequently lower the efficieney of mixing and rate of 
transfer of oxygen™. On the other hand, to prevent 
the extensive formation of pellets and the swollen 
aberrant form, the pH value during growth should 
mot be greater than 7-0. 

-Binee the optimum pH value for penicillin produc- 
tion is about 7-4 it seems likely that & continuous- 
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flow process for penicillin production will require 
two stages, the first stage for growth of the mould 
with the pH value not exceeding 7-0 and a second 
stage with a higher pH value for penicillin produc- 
tion!*, 5 

We are grateful to Prof. M. P. Backus of the Univer- 
sity of Wisconsin for the gift of strain Wis 54-1255. |. 
Strains Wis 47-1564 and Wis 49-133 were obtained. 
from the National Collection of Industrial Bacteria, '. 
Department of Scientific and Industrial Research, . 
Teddington. The technical assistance of Mr. J. E. D. i 
Stratton is gratefully acknowledged. 
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TRANSLOCATION OF COBALT-60 AND C/ESIUM-137 BY FUNGI IN 
AGAR AND SOIL CULTURES 


By Dr. ERNA GROSSBARD 
Grassland Research Institute, Hurley, Berks 
AND 


Dr. 


D. R. STRANKS 


School of Chemistry, University of Leeds 


LONG-TERM research project has been initiated 

at the Grassland Research Institute on the 
mechanism of microbial decomposition of grass 
Uo wards after ploughing back into the soil. These 
“investigations comprise, among others, studies on 


5v the manner by which saprophytes progress through 
the. soil from one food-base, that is, an aggregate of 


plant debris, to another. This will be determined by 
-: the phase in which the fungus exists in the soil- 
¿whether as dormant spores and resting bodies or as 
an actively growing, progressive mycelium. In this 

; eonnexion the mechanism of translocation of nutri. 
“ents by fungi growing in the soil requires elucidation. 
Transloeation is the movement of nutrients and 
other materials from one part of the plant to another. 
As regards higher plants the mechanism of transloca- 
tion has been studied extensively ; but for fungi 
comparatively littl work has been published. 
Buller! investigated protoplasmic streaming in fungi. 
On the basis of his own work and that of others he 
eoneluded that this phenomenon was the principal 
agent of translocation of nutrients in fungi. Schiitte?, 
after studying translocation by means of dyes and 


fluorescein, postulated that fungi can be divided into Uu 
two groups, translocating and non- -translocating, En 
and he, too, associated translocation with proto- | 
plasmie streaming. 'Phe work of Melin and Nilsson** 
and that of Harley and his collaborators*5 on the 
transfer of nutrients into the host by means of. 
mycorrhiza indicates a translocation mechanism via 
the mycelium. 

Preliminary notes have been published by Gross- 
bard and Stranks'-? on their attempt to study the 
growth of soil fungi im situ by inoculating soil with a |. 
fungal culture labelled with a nuclide emitting gamma- 
rays. It was hoped that those fungi which produce .: 
hyphæ i in the soil would form a fresh mycelium grow- :.| 
ing out from the radioactive inoculum. The new = 
hyphae would in turn become radioactive and their 
distribution could be detected by virtue of the gamma 
radiations which have the power to penetrate the 
soil. This technique would depend primarily on the 
translocation of the nuclide from the radioactive 
inoculum into the new hyphæ, and could provide 
not only a useful research tool for tracing the growth 
of fungi in the soil but also help to elucidate the 


i Myċol, Inst. 62471; 
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mechanism of transport of nuclides through the soil 
-owia fungal hyphe. This work has been extended 
and a brief account is given here. 
The fungi used in the latest studies were Pelli- 
cularia filamentosa (Pat.) Rogers (Rhizoctonia solani) 
kindly supplied by Dr. S. D. Garrett ; Helminthospor- 
cium sativum Pamm, King and Bekke, kindly supplied 
‘by Dr. J. H. Western; Phycomyces blakesleeanus 
‘Burgeff Herb. Imp. Mycol. Inst. 44142 ; Phytophthora 
cactorum (Leb. and Cohn) Schroet. Herb. Imp. 
Rhizopus stolonifer (Ehrenb. 
(ex. Fr.) Lind. Herb. Imp. Mycol. Inst. 42844. 
CC The nuclides used were cobalt-60 and ceesium-137. 
© They were chosen because they emit y-photons in 
addition to B-particles. The fungi were labelled by 
.. ealturing in media containing the nuclides (1 we/ml.), 
which were readily taken up by the mycelium”. 
. When grown in broth cultures, 25—50 per cent activity 
(varying with the conditions of the experiment) could 
'; be detected in the total mat after thorough washing. 
|; The main test organisms for the soil cultures were 
COP. filameniosa and R. stolonifer. Glass tubes filled 





_ with sterile soil were used, though occasionally also 





tangular boxes. The inoeulum for the soil-growth 
tubes consisted of a number of disks of a radioactive 
agar culture mixed with soil. This was divided into 
two halves of approximately equal activity, one of 
_ which was killed by heat. Each half was then placed 
t: at one end of the soil column in a growth tube. From 
«this inoculum y-rays were emitted which penetrated 
the soil. Immediately after incorporation of the radio- 
active mycelium (living or killed) the tubes were 





scanned with a directional scintillation counter with 


;8 collimator (Ekeo model N 559.1). This initial 
“measurement served as a standard to check whether 
migration of the radioisotope via the fungal mycelium 
oceurred after inoculation and to what extent the 

radioactive inoculum contributed to the counting- 
.rate as observed at points away from the initial 

; reference source. The figures in Table 1, columns 

|. Land 3, referring to P. filamentosa cultures show that 

c the highest counting-rate outside the wall of the tube 

. was just above the point where the radioactive 

“mycelium had been incorporated. A similar observa- 
tion was made with R. stolonifer and also with 
c Phytophthora cactorum, The inoculum of the latter 

,;labelled with cobalt-60 was buried several em. deep 

in soil in a box and the preliminary scan was 

performed laterally and longitudinally. In soil-box 
cultures of H, sativum labelled with emsium-137 
the greatest number of counts was also obtained 

“just above the inoculum. This method is useful 

, and can locate with considerable accuracy the position 

of a radioactive inoculum through soil and the lid 

and wall of the container, 

50 After inoculation, the growth tubes were incubated 

, and counts were made at weekly intervals. Columns 


(22 and 4 in Table 1 show the counts after 3 weeks. No 


significant change in counting-rate could be observed 
as compared with the first sean. Also the ratio of 
activity between ‘living’ and ‘dead’ inoculum tube 


< iwas the same after 3 weeks. However, by that time a 


fresh mycelium had grown out which could be seen 
- to penetrate the entire soil column. ‘This was particu- 
. larly evident in the Pellicularia culture. However, 
tradioaetivity could not be detected in this fresh 
growth. Similar observations were made with the 
fungi which were inoculated into soil boxes. The 
failure to detect any radioactivity in the fresh mycel- 
jum by scanning with the scintillation counter may 
"have been due to one of three causes. First, the fungi 


NATURE 





31i 


Table 1, SCANNING RESULTS OF Som GROWTH TUBE OF Pellicularia 


filamentosa (Co-60) 























| Distance Counts/see, i 
| from Living | Killed 
| inoculum (1) | 2 | 
|o (em) Initial j| After 3 weeks | Initial | After 3 weeks 
| 0 | 80 | 800 | 7389 780 
| 2 | 300 — | 320 | 300 285 | 
t | MO | — 150 145 140 | 
| 6 | 90 | 90 92 84 
| 8 | 7 | | 66 
| 10 | 56 — | 52 55 56 
| a 46 | | od 
i 14 40 | 39 | 37 36 
| 20 23 22 
26 18 16 15-5 165 
32 115 12-5 
38 95 9-5 9-0 9:6 
| 44 74 74 
j 5 | 65 | 06 65 6-5 
| | 


The counts were recorded on a ratemeter Ekco type N522 and 
inelude background counts of 2-S/see, 


tested lacked the capacity to translocate cobalt-60 
or cesium-137; second, the scanning technique 
with the scintillation counter was inadequate ; and 
third, the dilution of radioactivity by the outgrowing 
hyphe was so great that insufficient activity was 
produced in the volume being scanned to enable 
detection. 

Regarding the first point no information could be 
found in the literature on whether fungi in general 
are capable of translocating cobalt-60 or cssium-137 
in à manner similar to that reported for higher plants 
as regards casium-137#! and cobalt-60%. It was 
therefore necessary to study translocation in fungi in 
agar and broth cultures. 

Beginning these studies with P. filamentosa the 
transport of cobalt-60 from submerged into aerial 
mycelium was studied by autoradiography employing 
Pele’s! stripping film technique. Cobalt is often 
considered to be a mierobial toxin. However, the 
addition of ecobaltous chloride to the medium— 
whether as the stable or the radioactive isotope— 
enhanced the growth of P. filamentosa. Details of 
the experimental technique were described by 
Grossbard?, who suggested that accumulation of 
cobalt-60 oceurred inside hyphe submerged in radio- 
active agar, for as the autoradiograms showed, the 
density of silver grains inside the hyphis was greater 
than in the agar film between the mycelium. Yet, 
in autoradiograms of aerial mycelium growing just 
above the active submerged mycelium the grain 
density within the aerial hyphe was similar to 
that of the background. This suggested that the 
tracer was not transported into the aerial hyphe. 
Similar negative results were obtained from aerial 
mycelium in broth cultures. It was therefore 
at first believed that P. filamentosa inherently 
lacked the capacity for transporting cobalt-60 
through its system and was one of the group of fungi 
which—after ^ Schütte?*—had no translocation 
mechanism?.*, However, when using the stripping 
film technique very thin preparations have to be 
made and a few hyphæ only were used. The absence 
of silver grains in the aerial mycelium may have been 
due merely to the fact that the dilution of the nuclide 
when transported from the submerged into the aerial 
hyphe was so great that not enough tracer was 
available for a positive autoradiogram to be 
formed. That this reasoning was correct was shown 
when an autoradiogram was produced of large 
quantities of mycelium placed on an X-ray film. 
Adapting a technique described by Schütte”, a 
small dish of agar containing cobalt-60 was placed 
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Fig. 1. Autoradiogram of Pellicularia filamentosa, ‘Cellophane’ 
Origi iine. oh Diabalone Giingrasieaile)’ with 
al outline of con c) wi r+ 
em eon o MAS UND trek reao while a 
i tes inactive t mycelium whic came 
ria labelled with cobalt-60 
Gradual decrease in intensity of blackening with increase in 
distance from active container 


inside a large one filled with similar but inactive agar. 
In the centre of the radioactive dish P. filamentosa 
was inoculated. The mycelium grew out of the dish 
over the glass edge on to some 'Cellophane' strips 
situated on top of the inactive agar of the outer 
container. The strips together with the mycelium 
were removed and fixed on mieroscope slides which in 
turn were placed in close contact with an X-ray 
film ‘Industrial B' (Ilford). After exposure for 3 
weeks a clear image of the mycelium developed, 
suggesting translocation of cobalt-60 from the inner 
container via the mycelium (Fig. 1). The blackening 
was most intense at the points where the ‘Cellophane’ 
strips were nearest to the container with the radio- 
active agar and decreased in intensity with an 
increase in distance. However, when tufts of hyphæ 
wero removed from the ‘Cellophane’ 
strips at intervals of 5 mm. the 
resulting autoradiograms were nega- 
tive. These observations indicate 
that a translocation mechanism 
for cobalt-60 and probably other 
materials does occur in P. fila- 
mentosa but that it cannot be 
demonstrated readily in individual 
hyphe. 

Translocation was then studied 
in some Phycomycetes, that is, in 
R. stolonifer and P. blakesleeanus. 
These two fungi were grown in 
flasks with a layer of radioactive 
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with collodion and autoradiograms prepared. Figs. 2a 
and b show the sporangiophores of P. blakesleeanus 
labelled with cæsium-137 and cobalt-60, respectively. 

The sporangiophores as well as the sporangia of 
both fungi displayed considerable grain density giving 
rise to intense blackening which formed a true image 
of the morphology of the fungal structures. However, 
in the sporangia the blackening was far more intense. 
From these observations it was inferred that the 
nuclides were readily transported from a food base, 
frequently 5-6 cm. away, through the sporangiophores 
and that they accumulated in the sporangia. It is 
tentatively suggested that the two nuclides were 
translocated by means of protoplasmic flow. Many 
workers have reported on this phenomenon in 
Rhizopus and other Phycomycetes and have observed 
that the direction of the protoplasmic streaming was 
towards the sporangia in which the protoplasm became 
concentrated prior to spore formation. The analogy 
with the movement of cobalt-60 and cæsium-137 
is thus apparent. Furthermore, Grossbard!^ re- 
ported that where cobalt-60 labelled hyphal frag- 
ments of Phytophthora cactorum were ruptured, 
the tracer could be found in the cell content which 
had oozed out but not in the empty fragments. 
The fact that the translocation of cobalt-60 could be 
demonstrated in individual fungal structure far more 
readily in the aseptate Phycomycetes than in the 
septate Pellicularia, when using a medium with the 
same activity, provided further support for the 
hypothesis of transport by protoplasmic flow. 
Buller? has shown that both R. stolonifer and P. 
filamentosa displayed protoplasmie streaming, but he 
postulated that the type of streaming and the rate 
differed because of the presence of septa in Pellicularia. 
The flow passed only via a single pore in the septum 
and thus was slowed down, and this may have affected 
both the rate and efficiency of translocation. It 
seems likely that cobalt-60 is held firmly by the 
protoplasm and moves through the fungus only in 
chemical combination with the protoplasm (by co- 
ordination of cobalt with the amino functions of 
proteins, etc.). This fits in with the results of 
Abelson and Aldous", who, working with cobalt-59, 
showed in the case of Escherichia coli that the nuclide 
was “‘very tightly bound, within the experimental 
error no tracer was lost by either the exchange with 
magnesium or inactive cobalt". They suggested as one 
alternative a ‘‘non-specific, non-metabolic attachment 
to the proteins and other groups of the organism". 
Thus, if cobalt-60 is transported through the mycelium 
it is assumed that it is carried along by the protoplasm 
as an integral part of it. 





agar at the bottom. Individual Fig, 2. Photographs of autoradiograms of sporan paces: of Asse blakesleeanus. 
í " a, Strippi ue. Inactive preparation is mer a photograph of the actual 
sporangiophores or tufts were re slide while the labelled shows intense blackening especially in AR nant aa pag b, APPADIOR 


moved and fixed to a glass slide 


on X-ray film. 


Inactive preparation formed no image a} all 
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The above results suggest that all the fungi tested 
display a translocation mechanism for the two 
nuclides in agar media, though this is probably more 
efficient in the case of the Phycomycetes. Failure to 
detect radioactivity in the new mycelium growing 
from a labelled inoculum in the soil cannot therefore 
be explained satisfactorily in terms of an inherent 
lack of a translocation mechanism in the fungi 
tested. 

While the scanning technique with the scintillation 
counter could be depended upon to locate a radio- 
active inoculum in the soil, it may not have been 
sensitive enough to trace small alterations in the 
distribution of activity, especially in view of the fact 
that the strong radiations emitted from the inoculum 
may obscure any small change in counting-rate due to 
genuine radioactivity. Having established that 
both P. filamentosa and R. stolonifer have the ability 
to translocate cobalt-60, a more direct method for 
testing transport via the fungi in the soil was 
employed. The soil columns after incubation for 
several weeks were cut into sections of 2 c.c. in the 
case of P. filamentosa and 4 and 6 c.c., respectively, 
in the case of R. stolonifer. Aliquots of 0:5 gm. of 
soil of each section were extracted with concentrated 
nitric acid (10 ml.) and the extract counted in a 
standard GM6 liquid Geiger counter tube (Table 2). 
In addition, a very thin smear was made on a glass 
slide of 0-5 gm. of very finely ground soil taken from 
each section, placed on an X-ray film, backed with a 
1/16 in. lead sheet and exposed for 3 weeks. Figs. 
3a and b show a representative photograph and 
corresponding autoradiograms of a preparation and 
Table 2 summarizes the results. 

From both the counts and the autoradiograms, it 
can be concluded that some slight migration of the 
nuclide occurred from the soil section containing the 
inoculum but over a short distance only. This was 
observed both in the tubes with the killed and living 
inoculum. Frequently, though not always, movement 
of eobalt-60 tended to be greater from the killed 
inoculum. This may be explained in terms of in- 
creased permeability of fungal cells after death. 
As the inocula consisted of disks of agar cultures the 
nuclide might also have diffused from the agar and 
not from the fungal structures only. The agar 
disks were used, because by providing a food base the 
subsequent growth of the mycelium was greatly 
enhanced. Other inoculation methods such as by 
washed mycelium from a broth culture are under 
investigation in order to eliminate this complication. 
What migration has taken place may be interpreted 
on one hand as diffusion of the nuclide from both 
the agar base and the mycelium and then through 


NATURE 


313 





Fig. 3. Photograph (a) and autoradiogram (b) of soll smears from 

5 soll growth tube of Rhizopus stolonifer (killed inoculum, cobalt-60). 

Soil with inoculum gives the most intense image, a true repro- 

duction of the soil smears. At a distance of 4 em. the image is 
much weaker, and at 6 em, none is formed 


the soil, or else as a case of genuine translocation. 
There is some indication that the migration-rate was 
somewhat slower in Pellicularia than in Rhizopus, 
since in the former activity was rarely found farther 
than 2 em. from the inoculum. An analogy with the 
more efficient translocation mechanism of Rhizopus as 
observed in agar culture suggests itself; but further 
confirmatory experiments are necessary before draw- 
ing final conclusions, for the migration-rate is depend- 
ent on many environmental factors, not easily 
standardized. Whatever the mechanism of the 


Table 2. RELATIVE RaDIOAOTIVITY OF SOIL SAMPLES FROM GROWTH TUBES OF Rhizopus stolonifer AND Pellicularia filamentosa (Co-60) BASED 
ON COUNTS OF SOIL EXTRACTS AND AUTORADIOGRAPHY OF SOIL SMEARS 


0 
Act. 
Inoculum | (per cent) 


Living 





| 
| 
R. stolonifer | 
| 
| 


P. filamentosa 





A.R.G., autoradiograms: Act. (per cent), percentage of radioactivity as compared with that of the inoculum ; 


Act. 
A.R.G. |(pereent)| A.R.G. 





Distance from inoculum (em.) 
4 12 


Act. 
A.R.G. |(percent)| A.R.G. 





Act. Act, 
(percent)| A.R.G. | (percent) 
| T 


“66 
5 


6 
5 
4 


2 
7 


€ 
0 
0 


0 
0 





*, see Figs. 3 (a) and (b) ; 


t, a living inoculum was used but no growth occurred ; ++, intense image; +, weak image; 0, no image. 
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migration of cobalt-60 and whatever the difference in 
rate between killed versus living inoculum or 
P. filamentosa as compared with R. stolonifer, the 
percentage of cobalt-60 and the distance over which it 
is transported are very small indeed. In every case 
most of the activity is retained in the section of the 

soil containing the inoculum. There the nuclide may 
be held by either adsorption on the soil colloids after 
having diffused through the cell wall of the fungi or 
within the hyph:e of the original inoeulum, possibly 
bound to the protoplasm. 

Regarding the first point, this would fit in with the 
observation of Jones et al.!5, who have shown that in a 
soil with moderate exchange capacity cobalt-60 re- 
mains close to the surface even after repeated applica- 
tions of water. These workers placed the cobalt-60 
directly in the soil, while in the experiments described 
here it was introduced via the fungal inoculum; the 
soil used was one of moderate exchange capacity. 

On the second possibility, Harley and McCready® 
have shown that in the case of excised mycorrhizal 
roots of the beech 90 per cent of phosphorus-32 
absorbed from aerated media was found to be held 
in the fungal sheath and only 10 per cent diffused 
into the core. This ratio varied with environmental 
conditions’. By analogy it could be assumed that 
cobalt-60 also is firmly held within the fungal tissue, 
especially in view of the observations that migration 
is of lower order from the living than from the dead 
inoeulum. Thus, the possibility is not ruled out 
that the small migration which had oceurred from 
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living inocula was due to some extent to active trans- 
port inside the fungal tissue, perhaps by protoplasmic 
flow. This is a hypothesis, and more work is required 
to distinguish between migration by diffusion or by 
active translocation. Probably both factors will. 
operate simultaneously. 

Our thanks are due to Dr. William Davies for his; 
interest in this work, for encouragement and guidance 
and for providing facilities to carry out these studies, 
We are indebted to Mr. G. E. Barton for his valuable 
collaboration and technieal assistance, without which: 
this work would not have been possible, and to Mr.. 
D. Smith for the preparation and counting of soil 
extracts. ; 
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Prof. Kaj U. Linderstrom-Lang, For.Mem.R.S. 


Tae death of Prof. Kaj Ulrik Linderstrom-Lang on 
May 25 was a great and irreplaceable loss, not only 
to his colleagues and friends but also the scientific 
eommunity at large. The Chemical Division of the 
Carlsberg Laboratory in Copenhagen, which he led 
with such force and inspiration for twenty-one years, 
is perhaps unsurpassed in terms of the number of 
z individuals who identify it as a major scientific home. 

Linderstrem-Lang was born in Frederiksberg, 
Copenhagen, in 1896, the son of Dr. C. F. Linderstrom- 
Lang. His education at the Danmarke tekniske 
Hojskole led to a degree in chemical engineering in 
1919, following which he became assistant to Prof. 
S. P. L. Sorensen at the Carlsberg Laboratory. In 
the environment of Serensen’s fundamental research 
on the physical chemistry of proteins in solution, 
Linderstrom-Lang’s natural talents for mathematics 
and laboratory experimentation led him to conceive 
in 1925 his classical paper “On the Tonisation of 
Proteins", which stands to-day as the fundamental 
theoretical treatment of protein titration curves. 

During the period 1926-27 he studied in the 
laboratory of Prof. R. Willstütter in Munich, and 
there he developed his continuing interest in the 
chemistry and mode of action of proteolytie enzymes. 
Upon his return to Copenhagen he completed his 
earlier investigations on the electrophoretic properties 
of proteins and presented his doctoral dissertation in 
1928. 

His investigations of the nature and determination 
of proteolytic enzymes, developed in collaboration 
with the increasing flow of visiting scientists in the 
Laboratory, became directly applicable to the work 


he afterwards undertook in collaboration with Dr. 
Heinz Holter, who went to the Laboratory in 1930, 
Linderstrem-Lang and Holter developed, over the: 
succeeding ten years, a tremendous array of delicate - 
and sensitive techniques for the study of the dis- 
tribution of a large variety of enzymes and other 
constituents in cells. These micro methods, now 
standard procedure in many laboratories throughout: 
the world, made possible an enormous advance in 
our understanding of many aspects of cellular 
physiology. It is characteristic of the methods that 
Linderstrom-Lang developed that they were based. 
on extremely simple but basie physieal principles. | 
Well-known. examples are the Cartesian diver tech-- 
nique for the measurement of metabolism in single. 
micro-soctions of tissue or of individual cells, and. 
the extremely sensitive gradient technique for the 
determination of the densities of minute quantities 
of material. A whole generation of young chemists 
and biologists was strongly influenced by these, 
methods and profited enormously by direct col. 
laboration with Linderstrom-Lang during this period . 
of his scientific career. | 

When 8. P. L. Sørensen retired in 1938, Linder- 
strom-Lang was chosen as director of the Carlsberg 
Laboratory. Continuing along the lines begun by 
Sørensen, which had already made the Laboratory 
world.famous in protein chemistry, Linderstrom- 
Lang initiated an outstanding series of studies on the 
internal structure of protein molecules. Using as 
probes such phenomena as the volume contraction 
occurring as a result of proteolytic cleavage of peptide 
bonds, he began to develop during this period his 
strong interest in the limited modification of proteins 
as one means of elueidating internal structure, and 


No 4683 August l, 1959 


published many fundamental papers on such systems 
as the conversion of chymotrypsmogen to chymo- 
trypsin and ovalbumin to plakalbumm. An example 
of his mexhaustible mgenwity m the development of 
experimental techniques was the ‘deuterium exchange' 
technique, which permitted the estimation of the 
relative rates at which individual hydrogen atoms 
within the piumary, secondary and tertiary structures 
of a protein molecule could reach equilibration with 
deuterium atoms m the water m which the samples 
were dissolved 

Linderstrem-Lang’s scientific talents, combmed 
with his characteristics of warmth and perception, 
brought him early and frequent recognition by many 
organizations, both scientific and civic In addition 
to recerving numerous honorary degrees from univer- 
sities throughout the world, he was a member of the 
Royal Swedish Academy of Sciences, the Academy 
of Sciences of the USSR, the Royal Society of 
London, the Finnish Serentific Society and the 
National Academy of Sciences of the United States, 
to mention only a few He was, at various periods 
during his hfe, president of the Danish Academy of 
Technical Sciences, the Akademiet for de tekniske 
Videnskaber, and in 1958 of the International Union 
of Biochemistry 

The list of honours and accomplishments scattered 
through his career are too numerous to list in detail 
Perhaps even more important than these tangibles, 
however, was the impact of his warm personality on 
everyone who knew him Kaj Lmderstrem-Lang 
had talents in many areas of human endeavour and, 
had he not chosen science as his major interest, could 
clearly have contributed prolifically m a variety of 
pursuits including music, art and literature Those 
who knew him will not forget his unique combmation 
of wisdom, humour and intellectual integrity With 
lus death the world lost not only a great scientist 
but also a great man C B ANFINSEN, JUN 


Dr. M Copisarow 


Maurou Corisarow who died on April 15, m 
lus seventieth year, was a scientist of quite out- 
standing abihty His university education was 
acquired between 1909 and 1913 in the School of 
Chemistry at Owens College, where I knew hm as a 
fellow student He stayed on for postgraduate study 
as Dalton Research Scholar during 1914-16, working 
with Chaim Weizmann on “Phthalides of the Benzene, 
Naphthalene and Carbazole Series” (pubhshed in 
1915) Afterwards, as Honorary Research Fellow 
(1916-19), he launched out into independent ım- 
quies concerned mainly with reactions promoted by 
aluminium chloride 

Durmg the First World War, Copisarow worked 
for the Ministry of Mumitions and was responsible 
for a change m the method of washing TNT which 
greatly reduced the risk m handling this explosive 
At the end of the War he experimmented on the con- 
veision of various explosives and also phosgene into 
products for which industrial uses could be found, 
and m these operations his eyesight suffered severe 
injury Most unhappily, the damage was progressive 
and m a relatively short time, while still at the outset 
of his career, he became bhnd However, by 1925 
he had to his credit nineteen publications of high 
quality, and ın that year he was awarded the D Se 
of the University of Manchester 

In his work as a chemist he could never have con- 
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ranged over whole fields of scientific activity, and his 
keenness of perception allied to his uncommonly 
active imagination gave rise to a versatility which 1s 
well exemplified by his generahzed theory of allotropy 
(J Chem Soc, 1921) and by his work on the phen- 
omenon of periodic precipitation, reported between 
1927 and 1932 m various scientific Journals These 
publications illustrate admirably his ability to recog- 
nize certam apparently unrelated chemical processes 
and structures as forms of expression of a unifying 
principle and to enunciate it 

After he had lost his sight, Dr Copisarow’s 
scientific activities became restricted prmeipally to 
the preparation of review articles and essays dealing 
with matters callmg for theoretical consideration 
His blindness seemed indeed to intensify his msight, 
and he extended his thmkmg to such subjects as the 
functioning of certam oxidation enzymes, the effects 
of radiation on enzymes and the biochemistry of 
virus infection He studied these matters with the 
ultimate object of selecting and co-ordmating know- 
ledge which might throw hght on problems associated 
with the malignant growth of cells Observations on 
biochemical work ın the field of cancer research were 
published over a period of years m several journals, 
moluding a comprehensive review on the “History of 
Human Cancer”, which appeared m the Edinburgh 
Medical Journal m 1952 — Copisarow's writings on 
these matters were prompted by his great desire to 
contribute all he could to the furtherance of progress 
m the war on disease 

Further evidence of his feeling for the well-being 
of his fellow-countrymen ıs afforded by the mterest 
he had im the application of appropriate scientific 
knowledge to agricultural pursurts, and durmg the 
Second World War he was active m advismg on 
methods for grassland improvement and for the 
reclamation of bracken-covered areas In all, he 
published eighty-three scientific papers, and m 
recognition of special services to his country he was 
placed on HM Civil List 

Dr Copisarow was a man dedicated to the work he 
had chosen, and though, im later years, he had to 
endure much ill-health and many worries, he remained 
courageous mm adversity, sustained. to no small degree 
by religious faith and by the devotion of his wife and 
family T K WALKER 


Dr. D. S. Gracie 


VOLUNTEERING ın the Royal Scots at seventeen, 
Dawid Smart Gracie was badly wounded on July 1, 
1916, at the Somme, and spent the rest of the First 
World War as a prisoner m Ruhleben, an experience 
which marked him for hfe 

In the late ’twenties, after graduating at Edinburgh 
with a medal, and lecturmg on agricultural chemistry, 
he went to the Colonial Service and carned out a 
notable '"Prehmunary Survey of the Soils of Kenya" 
before the Colonial Agricultural Service had been 
reconstituted 

Moving to the Egyptian Ministry of Aguiculture in 
1930, Gracie spent two decades mvestigatmg the 
fascinating problems presented by a soil which has 
sixty centuries of cultivation history, capped by its 
change to irrigation all the year round durmg the 
past hundred years As the last survivor withm that 
Ministry m 1949 of what had once been a strong team 
of some twenty British scientific ex-patriate workers, 
he finished with a chattermg Brunsviga by collating 
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and analysing his results from sixteen contmuous 
years of field experiments on the cotton crop One 
side-issue durmg the Second World War from his 
work on other crops was to economize tonnage of 
merchant shipping by showing that imported artificial 
fertilizers produced much more food for the Egyptian 
than gram imported as such, which the British army 
had to bring 1n for 1ts own use 

In 1949 Gracie started afresh m the dusty precincts 
of Amman with scanty resources, locating cultivable 
areas in the Jordan valley and the desert for the 
United Nations Arab Rehef In 1955 he transferred 
to Iran with better resources, where he created a 
large efficient laboratory organization for the United 
Nations Technical Assistance Board at Teheran In 
1958 he broke down from heat exhaustion, and retired 
to his Edmburgh home too late, dying there on 
May 31 of this year, leaving his wife Vera and one 
son 

With all his work done overseas, in countries 
not notorious for gratitude, merely increaemg the 
resources of those countries by many acres of cul- 
tivation or many more tons of annual crop, he 1s 
likely to be one of those for whom there 18 but little 
remembrance—a depressing reflexion on those fine 
political projects for under-developed countries 

Gracie has been described as “a fierce seeker for 
truth, who could never suffer a rogue gladly", though 
he might tolerate a fool He held on to his standards 
of precision, and made sure that his native assistants 
did the same 

Out of thnty years Joint experience, a mutual 
friend writes of “the qualities of integrity, judgment, 
and application m good and mdifferent health which 
he brought to his work He had none of the narrow- 
ness with which specialists aie sometimes charged, 
he was widely read in & diversity of subjects and 
worth hstenmg to on any of them Unbendmmg ın his 
uprightness with an mner light which ht for him so 
clearly the path he held m all affairs, yet he was not 
stiff, human, kindly, generous, and considerate, his 
friendship was one of the wholly good things a man 
could be blessed with” W Lawrence BALLS 


Dr. W. W. Francis 


Dr Wurm Winnovensvy Francis, librarian of 
the Osler Library at McGill University, Montreal, 
since 1929, died on August 10, aged eighty-one A 
relative of Sir William Osler (his mother was Osler's 
first cousm, and Osler always spoke of him as a 
nephew), he was born at Montreal on April 2, 1878, 
and was educated at Trmity College School, Port 
Hope, and at Johns Hopkins University, Balumore, 
where he graduated AB in 1898 and MD in 1902 
After further study ın Montreal, Baltymore, Vienna 
and London, he returned to Montreal m 1906 In 
1912 he was appomted assistant editor of the 
Canadian Medical Association Journal and secretary- 
treasurer of the Canadian Medical Association, and 
m 1915 he went overseas with No 3 Canadian 
General Hospital (McGill) as registrar On demobil- 
ization m 1919, he hved m Oxford (where Osler was 
regius professor of medicme) before he became editor 
of the International Jownal of Publho Health at 
Geneva 

Dr Francis’s magnum opus was started m 1922, 
when he jomed R H Hil, Archibald Malloch and 
Leonard Mackall m compiling the catalogue of Osler's 
magnificent library at Oxford Working for 14-16 hr 
a day for seven years, he succeeded nobly im mter- 
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preting Osler’s dieam of an ideal biobibhography of 
epoch-makmg books and in staging i6 as a pageant 
The catalogue under the title ““Bibhotheca Osleriana” 
was published by the Oxford University Press imn 
1929, and the Osler Library at McGull was officially 
opened on May 29 of that year Dr Francis was 
president of the Medical Library Association during 
1935-37, and honorary consultant to what was then 
called the Armed Forces Medical Library at Wash- 
ington 

Bearmg a strikmg resemblance to Osler m the 
shape of his head, his olive complexion, his dark, 
humorous eyes, the hghtness of his step, and several 
of his mannerisms, ‘Bull’ or ‘Billy’ Francis was a 
charmmg man Someone said of him that he was 
born under a danemg star and sang his way through 
hfe Huis learnmg was vast and bizarre, but never 
pedantic, his memory was rich and retentive, his 
humour was spicy and puckish His seemmgly 
mfinite leisure was at the disposal of the young and 
old who went to him for msprration and for help A 
classical scholar, a pamstakmg bibliographer (“‘his 
meticulosity exceeds anything you ever met with"— 
Osler), and an unsurpassed writer of whimsical 
letters, Dr Francis married m 1921 Hilda Colley, 
who survives him, with his daughter, Dr Marian 
Kelen W R Bert 


Prof A Preece 


Tax Wilham Cochrane chair of metallurgy in the 
University of Durham at Kings College, Newcastle 
upon Tyne, became vacant last November with the 
untimely death of Prof Archibald Preece at the age 
of fifty-three 

Preece was educated in South Wales and graduated 
from University College, Swansea, m 1926 He first 
jomed. the Pressed Steel Company of Great Britain 
as metallurgist, and leter became a research officer 
to the South Wales Siemens Steel Research Associa- 
tion, but he returned to academic work ın 1933 when 
he became a lecturer m metallurgy 1n the University 
of Leeds There he puisued researches on the effect 
of high temperatures upon steel The importance of 
his work was recognized by the award of the Sur 
Robert Hadfield Medal by the Iron and Steel 
Institute and by his promotion to a readership m 
the University of Leeds m 1946 

In 1948 he was appomted to succeed C E Pearson 
as professor of metallurgy in King’s College, New- 
castle upon Tyne He took charge of a small but 
active department of teachers and research workers 
who carried out important work on the scaling of 
metals, temper brittleness and the solidification of 
steel castings, which were Preece’s particular m- 
terests, though he encouraged others to work on a 
wide variety of different metallurgical topics Just 
before his death he had the satisfaction of moving 
his Department nto more commodious quarters and 
installing new equipment 

Prof Preece was a deeply religious man who could 
be stern or kindly as the occasion demanded He set 
himself extremely high standards both m his work 
and in his dealmgs with students and colleagues 
Probably the most outstanding quality by which he 
will be remembered was his unwavering integrity 
and his stiict adherence to the truth as he saw 1b 
He was deeply devoted to his work and to his Depait- 
ment, and his sudden death was a great loss to all 
who came m contact with him 

A F BunsTALL 
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NEWS and VIEWS 


Commonwealth Scientific and Industrial Research 
Organization Dr F W G White, CBE 


Dr F W G Ware, deputy chairman of the Com- 
monwealth Scientific and Industrial Research Organ- 
zation, Australia, has been appomted charman m 
succession to the late Sir Ian Clunies Ross Dr White, 
who 1s à New Zealander, went to Austiaha m 1941 
at the mvitation of the Commonwealth Government 
to help m Australia's effort to provide radar equipment 
for the Australian and United States Forces When 
the Organization was formed m 1949 he became chief 
executive officer, and ın 1957 deputy charman 
Durmg the period of reconstruction followmg the 
War Dr White played a leadmg part in building up 
the laboratories of CSIRO, which have since then 
assisted in the giowth of Australia’s secondary 
mdustries He was largely responsible for the estab- 
lishment of laboratories for meteorological physics, 
coal research and building research He has been 
active in sponsormg the formation of mdustrial 
research associations and m helpmg firms to create 
their own research facilities Dr White has taken a 
direct mterest in the development and work of the 
Organization’s laboratories concerned with biological 
research and has travelled widely to study agricultural 
and pastoral problems at first hand Smee 1946, 
when special funds were made available for wool 
iesearch, he has devoted a considerable effort to the 
founding and development of the CSIRO Wool 
Research Laboratories, which have done much to 
sustain wool in the competitrve fibre markets of the 
world 

Dr White graduated as MSc m 1928 in the 
University of New Zealand and later went to do 
research work at the Cavendish Laboratory, Cam- 
bridge He was awarded the PhD degiee of the 
University of Cambridge ın 1932 After a period as a 
Univeisity teacher in the University of London, he 
was appomted professor of physics at Canterbury 
University College in New Zealand 


Dr. R N Robertson 


Dr R N RoBERTSON, a distinguished Australian 
plant physiologist, has been appointed a full-time 
member of the executive of the Commonwealth 
Scientific and Industrial Research Organization in 
succession to Di F W G White Dr Robertson 
18 an outstanding research worker who has un- 
usually wide interests m both basic and applied 
aspects of plant physiology Many of the complex 
problems facmg the farmer and the fruit-grower can 
only be solved if we know how the plant functions— 
how ıt absorbs minerals from the soil and how rt uses 
them to build up its structure Dr Robertson has 
been concerned with these basic problems thoughout 
his career and particularly in his piesent position as 
leader of the Plant Physiology Research Unit jointly 
operated by the Division of Food Preservation and 
Transport of the Commonwealth Scientific and 
Industrial Resea1ch Organization and the University 
of Sydney Work by Dr Robertson and his colleagues 
on the growth and development of apples has led to 
an understanding of the reasons for the poor keepmg 
quality of large frurt and frut from light crops His 


investigations on the maturity of peas have been of 
particular importance to the vegetable canning and 
freezing industries Durmg the Second World Wai, 
Dr Robertson gave valuable help to the food control 
authorities through his mvestigations on the causes 
of heating in stored wheat Dr Robertson has spent 
the past year as visiting professor of horticultural 
science at the University of Califorma and is at 
present on a short visit to the University of Cam- 
biidge 

Dr Robertson was born ın Melbourne m 1913 He 
graduated m science with first-class honours in botany 
at the University of Sydney in 1933 and continued 
postgraduate research at that University as Linnean 
Macleay Fellow He was awarded a research scholar- 
ship of the Royal Commussion of the Exhibition of 
1851 and went to work at the University of Cam- 
bridge, receiving the Ph D degree for research in 
plant physiology In 1945 he jomed the staff of the 
Division of Food Preservation and "Transport of the 
Commonwealth Scientific and Industrial Organization 
and took charge of work on the storage of fresh fruit 
and vegetables When a Plant Physiology Research 
Unit was formed in 1952 as a co-operative venture 
between the Division and the Botany School of the 
University of Sydney, Dr Robertson became its 
leader Dr Robertson 1s a Fellow of the Austrahan 
Academy of Science and a corresponding member of 
the American Society of Plant Physiologists The 
Royal Society of New South Wales awarded him iis 
Clark Memorial Medal in 1954 For many years Dr 
Robertson was secretary to the Australian National 
Research Council 


Agricultural Chemistry in Aberystwyth 
Prof R © Davies 


Pror Daviss has retired from the chair of agricul- 
tural chemistry, University College of Wales, Aberyst- 
wyth His services to the University College of 
Wales and to the agricultural mdustry of the Princi- 
pality have extended from 1920 when he was 
appointed lecturer m agricultural chemistry, in 1939, 
he became head of the Department of Agricultural 
Chemistry m the College, which then also served as 
the agricultural advisory centre for the Mid-Wales 
area On the establishment of the National Agricul- 
tual Advisory Service ın 1946, he rehnquished his 
post as advisory chemist and devoted his activities 
wholly to College work and to his interests 1n research 

Prof Davies has been especially concerned with 
problems of the nutritive values of lowland and upland 
swards and of milk composition, particularily m 
relation to ther mineral constituents His early 
work with A L Provan and W J Pugh established 
that an increase in the piotem and mmeral consti- 
tuents of milk occurred when cows were changed from 
winter rations to lowland pasture Experimental 
work on upland swards with W E J Milton (of the 
Welsh Plant Breeding Station) was begun in 1930, 
it shows that the mineral deficiencies of these swards 
can be rectified without resort to ploughmg and 
reseeding Long-term treatments of upland swards 
have led to the extinction of the native hill herbage 
and its replacement by species of high productivity 
and mineral content, which have become established 
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voluntarily m the favourable environment created 
through the improvement of soil status and the control 
of the grazmg animal More recent work with D I H 
Jones has shown that the mmeral content 1s one factor 
that influences the nutritrve value of the organic 
nutrients ın upland swards, and that the digestibility 
and the utilization of the digested nutrients of unim- 
proved hill herbage can be increased by feeding 
calerum carbonate with the grass 


Prof T W Goodwin 


Pror R O Davies has been succeeded by Dr 
T W Goodwm, who since 1949 has been senior 
lecturer in biochemistry in the University of Liverpool 
Dr Goodwin’s early work on vitamuns A and C has led 
on to a wide interest in the biosynthesis of carotenoids 
and m comparative biochemistry , in these fields, 
the range of his own studies and those in co-operation 
with other workers has formed the basis of notable 
developments as well as for a wide series of reviews 
and contributions to reference texts He has had 
considerable opportunities of contacts with overseas 
research in his own particular and cognate fields of 
plant biochemistry, having held a Rockefeller 
Foundation travel grant m. 1954, when he worked in 
the University of Cahfornià with Profs Fox and 
Mackinney, visited many other American universities, 
and later having taken part ın symposia and lec- 
tured im several of the leading research centres m 
European countries At Liverpool he has been con- 
cerned in the presentation of fundamental and applied 
biochemical principles, not only to honours B Se 
students but also m the schools of medicine, dentistry 
and veterinary science Dr Goodwin’s wide experi- 
ence m teachmg and research will enhance the 
resources of the Rural Science Departments at 
Aberystwyth, which, with the closely associated Welsh 
Plant Breeding Station, have long had special mterests 
1n problems of crop, grassland and anımal production 


British Gelatine and Glue Research Association : 
Dr. D A Sutton 


Dr D A SUTTON, chief biochemist of the South 
African Council for Scientific and Industrial Research 
Pneumoconiosis Research Unit at the South African 
Institute of Medical Research, Johannesburg, has 
been appomted director of research of the British 
Gelatine and Glue Research Association m succession 
to Mr A G Ward, who 1s going to the University of 
Leeds as professor of leather industries (see Nature, 
182, 1707, 1958) Dr Sutton graduated with fist- 
class honours m chemistry at the Imperial College of 
Science and Technology, London, and after holding 
posts with the Biitish Rubber Producers’ Research 
Association and the Pamt Research Station, went to 
Pretoria in 1949 where, until 1956, he was head of 
the Division of Organic Chemistry of the Council for 
Scientific and Industrial Research, 1n charge of groups 
working on various aspects of industrial organic 
chemistry He has smce been in charge of investi- 
gations of the collagen in various livimg constituents, 
the chemotherapy of silicosis, and carcinogen liver 
protem bonding 


Uranium as Fuel 

Great BRITAIN’S nuclear power programme 1s 
based on the Calder Hall type of nuclear reactor 
which ‘burns’ natural uranium as fuel Uranium 
ore 18 mined in Australia, South Africa, Canada and 
the United States and processed to an oxide known 
as ‘yellow cake’ Material from the Commonwealth 
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is shipped to Great Britam and processed at the 
Springfields factory of the UK Atomic Energy 
Authority mto uranium metal and then into fuel 
elements for British reactors A special feature of 
the March 1959 issue of Atomic World (10, No 3) 
1s a series of three articles lmked by the theme ‘‘From 
Mine to Fuel Element, 1959", in which the procedure 
from the mıtıal mining of the uranium ore to the 
final fabricated fuel element 1s described In the 
first article, ‘“Minmg and Processing at the Mary 
Kathleen", the mmmg and treatment of the ore to 
the ‘yellow cake’ at the recently completed £13 
million installation at Mary Kathleen in Australia is 
considered ‘This 1s followed by an account of the 
processing at the Springfields factory where new plant 
1s bemg commissioned, and the final article m the 
series, entitled ‘Fabricating the Fuel Elements", 
describes how the billets of natural uranium are 
cast mto rods which are then machined, heat treated 
and canned in ‘Magnox’ (an alloy of magnesium and 
aluminium) to give the fuel elements used at Calder 
Hall and Chapel Cross The complete series of opera- 
tions has been summarized in a composite flowsheet 
drawn by the staff artist of Atomic World The draw- 
ing, llin x 22m , 18 very suitable for use m science 
sixth forms m schools and ın technical colleges, and 
copies may be obtamed (price 2s 6d) from the 
publishers 


Time Ball at Greenwich 


AFTER an absence of more than a year, the Time 
Ball has recently been erected on a new mast on the 
roof of Flamsteed House, the oldest of the Royal 
Observatory buildings at Greenwich A time ball 
was first erected there ın 1833 and ıt was ın 1919 that 
the aluminium sphere now used was fitted It was 
taken down for overhaul in 1958 and as the operating 
machinery ıs not yet complete ıb 1s not mtended to 
resume daily droppmg until the summer of 1960, 
when Flamsteed House will be opened to the pubhe 
as an annexe of the National Maritime Museum 


The Ageing Worker 


In a report recently published by the Nuffield 
Foundation (“Age and the Workmg Lives of Men an 
Attempt to Reduce the Statistical Evidence to Iis 
Practical Shape" Studies of Agemg within the 
Conditions of Modern Industry Pp 68 London 
Nuffield Foundation, 1959 3s net) F Le Gros Clark, 
who has been responsible for a number of mono- 
graphs on ageing, has addressed himself to answering, 
as best as present evidence permits, the question, 
what happens withm the conditions of modern 
British industry to agemg mien when failing powers 
make them no longer fully employable on their nor- 
mal work He 1s concerned, that 1s to say, not with 
the psycho-physiological aspects of agemg and the 
changes that take place in the agemg organism, but 
with the sociological aspects—the fate of agemg 
individuals ın the contemporary imdustrial milieu 
Rehable evidence on this topic 1s remarkably hard 
to come by, and Mr Le Gros Clark has made skilful 
use of the available statistical data to arrive at his 
tentative conclusions Total meapacity for work 
increases steadily from the age of 55 onwards, and 
by the age of 65 about 10 per cent of all male workers 
are totally mcapacitated By the age of 70 this 
percentage has approximately doubled The real 
industrial problem, however, concerns men who are 
still fit for work, but who because of faihng powers 
need different and less exacting work At the age of 
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65 the author estimates that some 20 per cent fall 
into this category, while a smaller but still consider- 
able number need alternatrve work well before ther 
mid-sixties There are, of course, wide differences 
between occupations and the report provides some 
provisional data relating to thirty occupational 
groups The Report suggests that an important 
question is whether an increasmgly mechanized 
industry will be able to provide the kind of work 
needed by agemg workers and by those who do not 
wish to retire at 65 If not, what other social arrange- 
ments will be needed to ensure the well-bemg of the 
agemg man ? 


Staff for Industry and Commerce 


Two important publications dealng with the 
control and development of staff ın industry and 
commerce have been issued by the Institute of 
Personnel Management The first, by E M Barlng, 
late director of personnel of the John Lewis Partner- 
ship, 1s concerned with the management of workers 
whose skills are mainly mental or social rather than 
manual Much of the practice desertbed by Miss 
Barling will be of terest to those dealing with similar 
problems m large industrial and commercial organ- 
izations, Government departments, public corpora- 
tions, hospitals and scientific establishments The 
subjects covered include traımng and education, pay 
and imcentives, consultation and communications, 
and welfare amenities (Pp 46 London Institute 
of Personnel Management, 1959 4s 6d) The second, 
by F I de la P Garforth, of the Department of 
Work Study and Staff Trammg, Engmeermg and 
Alhed Employers’ West of England Association, 
provides a systematic approach to the provision of 
supervisors and managers The subjects covered m 
the broadsheet melude organization charts, staff 
reviews and appraisals, forecasts of vacancies, recruit- 
mg policy, further education and traming for staff, 
job rotation and exchange, and a section on the 
initiation and operation of a systematic management 
development policy (Management Development 
a Systematic Approach to the Provision of Super- 
visors and Managers Pp 72 London Institute of 
Personnel Management, 1959 15s 6d) 


1C.S.U, Review 

Tan activities of the International Council of 
Scientific Unions have greatly expanded durmg 
recent years Jomt Commissions have been appomted 
covermg fields of interest common to two or more of 
the constituent unions and other committees have 
been formed to organize specific programmes of 
research The recent International Geophysical Year 
was initiated and sponsored by the Council through 
a special committee appointed to supervise the 
programme Despite these outstanding achievements, 
there ıs still widespread ignorance conceinmg the 
orgamzation and activities of the International 
Council of Scientific Unions The lack of adequate 
information concerning its affairs has been felt to be 
detrimental to the continued growth of the Council 
As a step towards remedying this state of affairs, and 
with the view of encouraging the flow of information 
between mdividual unions, the Executive Board of 
the Council has approved the establishment of a new 
quarterly journal to be called the Z C S U Review, to 
provide information to members of the Council and 
to all who are interested in international co-operation 
in science, about the activities of the Council and of 
the scientific unions The J CS U Remew will contam 
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reports of meetings of the Bureau, the Executive 
Board, and the General Assembly of the I C S8 U , m- 
formation about special activities, reports of some of 
the more important symposia, reviews of certam pub- 
lications, special articles on various aspects of inter- 
national co-operation m science, and announcements 
about forthcommg meetings, symposia or congresses 
organized by the unions In the first issue (May 1959 
Pp 1+56 Subscription 16 florms, 30s , or 
4 50 dollais per volume of four issues Amsterdam 

Elsevier Publishing Co, 1959), Prof A von Muralt, 
treasurer of the International Union of Physiological 
Sciences and former president of the International 
Council of Scientific Unions, has written an article 
entitled "What does ICSU stand for?" There are 
other articles on international collaboration in 
science by L V Berkner, on the International 
Geophysical Year by Prof Sydney Chapman, on the 
marine sciences by Roger Revelle, and a review of 
some aspects of the origins of life considered in the 
light of the Moscow international symposium of 
August 1957, by N W Pme With the mereasing 
importance of international co-operation m science 
in recent years, and the growing status of the 
International Council of Scientific Unions as an 
essential part of the orgamzation of scientific actrvities 
on a world-wide scale, the IC SU Renew will 
undoubtedly fill an important niche in the literature 
of science, and will find a place on the shelves of all 
scientific libraries and information services 


Russian Journal of Inorganic Chemistry 


A TRANSLATION of the Russian Zhurnal Neorgan- 
echeskor Khmm, the only Russian journal devoted 
exclusively to morganic chemistry, 1s bemg published 
by the Chemical Society under the title Russan 
Journal of Inoiganie Chemistry In an mtroduction 
to the first number, the President of the Chemical 
Society states that ıt marks a further step m a plan 
to make Russian chemical literature more generally 
available Many chemists have become aware of their 
loss in being unable to read m the origmal the numer- 
ous umportant scientific papers now being published in 
the USSR Although mereasmg attention 1s bemg 
paid to the teaching of Russian, the need for English 
translations will mevitably persıst for a long tıme 
The publication has been made possible by the far- 
sighted support of the Department of Scientific and 
Industrial Research The Couneil of the Chemical 
Society believes that the venture will not only be of 
direct value to many research workers, but that ıt 
will serve to strengthen still further the sense of 
international partnership in the advancement of 
chemical science The translation 1s by experts The 
distributors are Cleaver-Hume Press, Ltd » 931 
Wright’s Lane, London, W 8 The ordmary subserip- 
tion rate 1s £30 (90 00 dollars m the United States) 
per annum, to libraries of universities and technical 
colleges £22 10s (67 50 dollars m the United States), 
1n both cases inclusive of postage The first number 
has 105 pages in the large format of the Journal of 
the Chemical Soctety and includes thirby-nine papers 
and eight brief communications, in all cases in full 
The topics cover a wide range of mterests 1n morganic 
chemistry, some of the papers bordering on physical 
chemistry, and the standard 1s high As indicating 
the general interest of the Journal, mention may be 
made of one paper ın which «-MnS ıs shown to be 
photo-oxidized during the recording of the powder 
X-ray pattern, and the published data on «-MnS 
are wrong 
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Digest of Soviet Technology 


A. Digest of Soviet Technology 1s beng published each 
month by Engmeermg Information Services, Lid 
(No 1, April 1959 8 Victoria Road, Kirkham, 
Preston) The subscription rate 1s £6 6s annually 
Such & new digest, with an editorial policy of giving 
“express information on recent technological develop- 
ments m the Soviet Union and Eastern Europe", 
should be of great value to all persons concerned 
with technical progress in mdustrial and academic 
research It is claimed that the mformation supplied 
15 obtained by critical reading of a large number of 
periodicals and non-periodical literature published in 
Soviet countries The fields of coverage are essentially 
mechanical engimeermg, production processes and 
methods mstruments and automation The material 
is divided into the followmg sections Design and 
Production , Metallurgy, Welding and Foundry Pro- 
duction, Instruments and Automation, General 
News, including inventions and book reviews In the 
third number (June), the editors state that ın future 
greater attention will be paid to ‘non-periodicals’ This 
follows when one realizes that a considerable propor- 
tion of Soviet technical information 1s given in books 
before ıt appears m periodicals Certainly when this 
policy 1s brought into force the Digest will be able 
truly to provide "express information” 


Journal of Research of the National Bureau of 
Standards 


Iv ıs announced in the April issue of the Journal 
of Research of the National Bureau of Standards that 
the Journal ıs now to be published m four sep- 
arate sections Section A (Physics and Chem- 
istry), to be issued bi-monthly, will cover a broad 
range of physical and chemueal research, with 
major emphasis on standards of physical measure- 
ment, fundamental constants, and properties of 
matter Section B (Mathematics and Mathematical 
Physics), to be issued quarterly, will be devoted to 
pure and apphed mathematics, including mathe- 
matical statistics, theory of the design of experiments 
and numerical analysis , theoretical physics, chorus- 
try and engineermg, with emphasis on the mathe- 
matical content, and logical design, programming, 
and computers Section C (Engmeering and Instru- 
mentation), to be issued quarterly, will include new 
developments m instrumentation. data processing, 
test methods, and some of the work in acoustics, 
apphed mechanics, building research and cryogenic 
engmeermng Section D (Radio Propagation), to be 
issued bi-monthly, will report research m radio 
propagation, communications, and upper atmospheric 
physics The separate sections may be subseribed. 
for individually 


British Scientific Instrument Research Association 

Publications 

Tr ıs announced in a recent issue of the Bulletin 
of the BrWish Instrument Research Associaton that 
several changes are to be made in the regular 
pubheations of the Association Henceforth, the 
Bulletin, Sera Technacal News and Research Reports, 
together with other office matter, are to be printed 
by the Association For this purpose an office type 
composing machine (supphed by Vari-Typer Ltd, 
London) and a Rotaprint rotary printing machine 
have been mstaled The typo faces used for the 
Bullet and the News will differ from those at 
present, but the 10-pomt size will be retained The 
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Bulletin, which was originally mtended to be circulated 
to members of the Association only and which now 
1s generally available, contains abstracts from current 
hterature relating to the construction and use of 
scientific instruments, and news of the Association’s 
activities m. a section entitled ‘Association Notes" 
However, since March 1953, the second monthly 
publication, Sura Technical News, with a circulation 
limited to members only, has been issued, the specific 
aim of which is to tell the members about the 
Association’s work ‘Association Notes" will there- 
fore, ın future, be transferred from the Bulletw to 
Sura Technical News, and the title of the Bulletin is 
to be changed to Instrument Abstracts 


Feltmaking Research 


Tar eleventh annual report of the Director of 
Research of the British Hat and Allied Feltmakers 
Research Association for the year ended August 
1958 (pp 20 Manchester British Hat and Alhed 
Feltmakers Research Association, 1959) refers to the 
inclusion of research on finishing processes as 8 full- 
time activity Work on the carrotting of furs has 
shown that the quality of the felt produced ıs related 
to the method by which it 1s obtamed and further 
work has established the umportance of body size, 
weight and build, relative to the size and substance 
of the hat Work is to start on the stoving of skins in 
the carrottimg process and work on wool nous indicates 
that only 35 per cent of the overall variability of the 
felt-quality parameters can be explamed by chemical 
tests for damage Further work was carried out on 
the determmation of the solubility m alcohol of grades 
of lac, and a study of a new multiroller machine for 
both settlmg wool and feltmg fur bodies indicates 
that multirollers can be made to give a rapid rate of 
feling without adversely affecting the quality of the 
felt, by usmg @ balanced combination of pressure, 
jig amphtude and frequency, together with a pre- 
determined traverse rate and controlled temperature 
and acidity A detailed study was made of the 
technology of a fur-hardenmg machine as ıt affects 
the quahty of the hardened forms and hat bodies 
produeed, and m further work on the use of polyethan- 
oxy compounds as dyemg assistants a relation was 
found between dyeing properties and the partitionmg 
of the dyes mto a layer of ethanoxy compound above 
water dyes with the highest, partition coefficients 
gave the best results on dyemg Studies on frictional 
properties of felt mdicate that frictional behaviour 
against wood depends on the surface roughness, 
whereas against phenol-formaldehyde 1esins, thenature 
and structure of the fillers are important Work was 
mutated on the measure of hat felts for tensile pro- 
perties 


The Regional Research Laboratory, Hyderabad 


Tae annual report for 1957-58 of the Regional 
Research Laboratory, Hyderabad (pp 1x+136 
Hyderabad, 1958), emphasizes the further reorienta- 
tion of the research programme both for team-work 
and the grouping of schemes into projects For the 
inteenal planning and conduct of research the 
operational research approach has been followed, and 
this 18 outlined ın the report A strikmg feature of 
the year was the increase in pilot-plant work, and 
particular attention 1s also directed to the work on 
‘Citicide’, a powerful new insecticide from turpentine 
developed ın the Laboratory, on 'Hykole', active 
carbons produced from coke, the production of 
phenylacetic acid and phenylacetamide, for use in 
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the production of pemeillm, and on 'Lounginm!, a 
flavouring agent which has twenty times the strength 
of vamlhn Besides brief notes on progress ın the 
various research schemes, arranged under some thirty 
project headings, the report includes notes on X-ray, 
instrumentation and physico-chemical studies, analyt- 
1cal work, equipment and machinery, as well as a 
list of publications and patents, colloquia held durmg 
the year, and lists of research staff, Executive Council 
and Scientific Advisory Committee Somewhat fuller 
details are given of the castor-oil project, which 
embraces the refinmg of the oi, the preparation of 
triricinolem, usmg hexane as solvent, the hydro- 
genation of castor-oil and the preparation of sur- 
factants, the cotton-seed project (cluding refining, 
storage, pilot-plant processmg and hydrogenation to 
fatty acids), the fatty acids project, the dehydrated 
castor-oil project, entomological studies on insect- 
101des, the hand-made paper project, the utihzation 
of the products of low-temperature carbonization of 
coal (includimg the preparation of pitch and road tar, 
preparation of creosotes for wood preservation, 
recovery of motor spirit, recovery and fractionation 
of tar acids and them chemical examination) and the 
glass and ceramics development project 


Fencing Posts in. Australia 


Miixions of miles of fences divide and subdivide 
grazing and farm lands in Austraha Their construc- 
tion, replacement, and maintenance form a major 
cost item for primary producers A survey carried 
out a few years ago by the Commonwealth Scientific 
and Industrial Research Orgamzation Division of 
Forest Products, with the assistance of the State 
Departments of Agriculture, gathered essential 
information on materials, methods, costs, fence-hfe, 
and causes of failure of fences on hundreds of farms 
across the country (Rural Research m CSIRO E 
27 Melbourne, March 1959) Much of the cost is 
m the posts, and years earlier the Division had begun 
testing small, round, wooden posts to see if they 
would be suitable After some thirty years trial 
they proved to be efficient 1f preserved against decay 
and insect attack by treatment with creosote An 
alternative method of treatment usmg water-soluble 
preservatives has been developed more recently 
The Postmaster-General’s Department has adopted 
full-length preservative treatment for is telegraph 
poles and, as a consequence, expects an average 
saving of £2 million à year over the next forty years 
This figure shows the savmgs that could be made if all 
farmers used round preserved posts for them fenemng 
requirements Those who are already usmg such 
posts have considerably altered ther outlook on 
fencmg An important step m reducing fencing 
costs has been made Other aspects, such as design, 
have been neglected and appear to offer fruitful 
fields for research 


Inflorescence Inception and Leaf Size in Gramineae 


M BORRILL, 1n a study of the successive leaves on 
the flowermg shoots of Glycera, Lokum and Triticum, 
has observed that the blades of successrve leaves were 
progressively longer, eventually reaching a maximum, 
after which the blades of the last few leaves pro- 
duced before headmg were shorter When the longest 
leaf blade was elongating, dissection of the shoot 
apices showed that inflorescence inrtiation was taking 
place Epidermal cell measurements in Triticum 
indicate that differences in blade length are due to 
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differences m the amount of cell extension It appears 
that a correlated change occurs m blade morphology 
associated with the onset of the reproductive state 
of the shoot apex, brought about through changes in 
the amount of cell extension A study of the effect 
of different amounts of low temperature and different 
day-lengths on the relation between inflorescence 
meeption and the production of the longest leaf blado 
showed that, under some conditions, this relation can 
be disturbed (Annals of Botany, N S , 23, 217 (1959)) 


Belgian Oligocene Foraminifera 


THE second of a series of studies on the Belgian 
Paleogene by a team of muicropaleontologists at the 
University of Utrecht consists of a memoir byD AJ 
Batjes on “Forammufera of the Ohgocene of Belgium” 
(Institut Royal des Sciences Naturelles de Belgique 
Mémoire No 143 Pp 1884-13 plates Bruxelles 
1958) Hitherto very little was known about them, 
although the Belgian Oligocene includes the type 
areas of the Tongrian and Rupelian divisions The 
samples investigated were collected both from sur- 
face outcrops and from borings and muneshafts, so 
that essentially the whole Oligocene was covered 
Further, some German and Dutch Oligocene and 
Belgian and German Miocene deposits were examined 
Altogether some 140 species (of which two are new) 
are desertbed, all, with the exception of Nummulites 
germanicus (Bornemann), belonging to the smaller 
forammuifera The author considers that some eight 
may be index-fossils for the Ohgocene, or m any 
event for the Boom Clay and Septaria-clay One, 
Cassidulina carapitana Hedberg, widely distributed 
in the Tertiary of the Canbbean-Antillean area, 18 
described for the first tme from Europe The faunal 
assemblages have close affinities for much of Ohgo- 
cene time with those of north-western Europe and 
not with those of areas farther south Dr Batjes 
also made detailed observations on the hthology and 
lateral variation of the deposits in different parts of 
Belgium Correlatmg these with the foraminiferal 
assemblages, he 1s led to postulate that parts of the 
Tongrian and Rupelian deposits are of the same age, 
and that similar relations may exist between the 
Rupelian and Chattian 


A Reinterpretation of Charnockites 


Since the pubheation of Sir Thomas Holland’s 
classic memor on the charnockite series of peninsular 
India nearly sixty years ago, similar rocks have been 
discovered and studied in many parts of the world, 
&nd various theories of ther origin have been put 
forward without, however, a thorough knowledge of 
the type area near Madras from which these rocks 
were first recorded A detailed re-exammation of the 
rocks of this area has been made by A P Subra- 
mamam (Amer J Ser, 257, 321, May 1959) Mineral. 
ogical, petrographieal, and chemical data are pre- 
sented which indicate that Holland’s “Charnockite 
Series” m fact contams members which aro genetically 
unrelated to one another  Charnockite is re-definod 
as a hypersthene-quartz-felspar rock with or without 
garnet, characterized by greenish-blue felspars and 
greyish-blue quartz The term ‘charnockitic suite’ is 
suggested for a group of related alaskites, charnock- 
ites (birkremite), enderbites, and hypersthene-quartz 
syenites, all of which are partly garnetiferous This 
series corresponds to the “Acid” division of Holland’s 
‘Charnockite Series” The “Intermediate”? division 
of Holland consists of an assemblage of hybrid rocks 


322 


derrved by interaction between charnockite magmas 
and pyroxene granulites of the basement The “Basic” 
division of Holland consists principally of pyroxene 
granulites and interstratified quartzo-felspathic gar- 
netiferous silhmanite gneisses (khondalite), while his 
“Ultrabasie’”’ division ıs represented by pyroxenitic 
schlieren neither the ‘Basic’ nor ‘“Ultrabasic”’ 
divisions bemg related to the charnockite suite 
The charnockite suite of rocks 1s considered to be 
of primary igneous orig, and to have been emplaced 
as thick sheets and lenses ın gently folded basement 
rocks, all the rock units have later suffered intense 
regional deformation 


Automatic Centrifuge 


An eight-page folder issued recently by Ivan 
Sorvall, Inc , Norwalk, Connecticut, ulustrates and 
describes the super-speed Servall SS—3 Automatic 
Centrifuge and the SS-4 Enclosed Centrifuge 
Both mstruments are table-top models with a 
marked versatihty ın accepting any one of five 
different rotors covering a wide range of batch 
capacities, speeds and gravitational forces After the 
desired operatmg speed, running time, and rate of 
deceleration have been pre-set on the SS—-3’s con- 
veniently angled control panel, the circuit 1s actuated 
by the push of a button A particular advantage of 
the automatic controls 1s the accuracy with which a 
given operation may be repeated and complete 
uniformity of result mamtained The SS-4 ıs a 
manually controlled mstrument and the complete 
control panel 1s removable for remote operation 
This is convenient when work demands opera- 
tion in cold rooms or fume hoods Both centri- 
fuges are designed for rapid adaptation to continuous 
flow operation with the Sorvall 'Szent-Gyorgyi 
and Blum’ system, which allows the collection 
of small amounts of precipitate, m tubes, from 
gallon quantities of samples 


University News. Queen’s University of Belfast 


Tum followmg appomtments to lectureships are 
announced Dr C J M Strrlmg, organic chemistry , 
Dr J S Pate, botany , Dr B V Jayawant, electrical 
engimeermg , N C Mitchel, geography , W D Ryan, 
hight electrical-engmeermg 


Bristol 


THE appointment bas been announced of Dr W M 
Shepherd, reader in the University, to the chair 
of theoretical mechanics ‘The following have been 
appointed to lectureships P W Bothwell, pubhe 
health, D R Coles, medieme, D G Osmond, 
anatomy R Park, civil engmeermg, N G 
Sanerkin, pathology 


London 


Tax following appointments have been made 
Prof J L D'Silva, professor of physiology at London 
Hospital Medical College, to the Halliburton chair of 
physiology tenable at King’s College, A H J 
Rams, senior lecturer in the University of Birming- 
ham, to the chair of sugery tenable at Charing 
Cross Hospital Medical School The following have 
been appomted readers Dr G R_ Hilson, bac- 
teriology, and Dr D Dexter, moibid anatomy, 
tenable at St George's Hospital Medical School, 
J F Smith, morbid anatomy, tenable at University 
College Hospital Medical School, R E M. Thomp- 
son, bacteriology, tenable at the Middlesex Hospital 
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Medical School, Dr P J Grant, engimeermg 
science, and Dr B W Martm, apphed thermo- 
dynamics, tenable at the Imperial College of Science 
and Technology , E M Rawstron, geography, tenable 
at Queen Mary College The title of reader m 
the University of London has been conferred on 

T E Hughes, zoology, m respect of his post at 
Birkbeck College, Dr J Wynn Reeves, psychology, 
m respect of her post at Bedford College, Dr J H 
Trounce, therapeutics, ın respect of his post at Guy's 
Hospital Medical School 


University College of North Staffordshire 


Tur US Rubber Co has founded a second post- 
graduate research studentship at the College J Pen- 
fold (Nottmgham) and J Beard (Southampton) have 
been appomted to these studentships The Phillips 
Petroloum Co of Bartlesville, Oklahoma, has founded 
a postgraduate research studentship at the College, 
to which C J Panton (Southampton) has been 
appointed All three research students will work 
with Dr P H Plesch on problems related to 
cationic polymerization 


Announcements 


Tu Institute of Physics ıs to hold a conference on 
Some Aspects of Magnetism during September 22-24 
at Sheffield Further information may be obtamed 
from the Secretary, Institute of Physics, 47 Bel- 
grave Square, London, 8 W 1 


Ax informal Diseussion on Flow Properties of 
Blood and Other Biological Systems, sponsored 
jointly by the British Society of Rheology and the 
Colloid and Biophysics sub-Commtittee of the Faraday 
Society, will be held m the Department of Physiology, 
Oxford, during September 23-24 Further mforma- 
tion may be obtained from Dr A L Copley, Medical 
Research Laboratories, Charmg Cross Hospital, 
Strand, London, WC 2, or from Dr G Stamsby, 
British Gelatime and Glue Research Association, 
2a Dalmeny Avenue, London, N 7 


A SYMPOSIUM on Depression will be held at the 
University of Cambridge Post-Graduate Medical 
School durmg September 22-26 Information may 
be obtamed from the Secretary, Medical School, 
Tennis Court Road, Cambridge 


Tux 250th anniversary of the successful use of coke 
ın ironmaking 1s to be celebrated by a meeting at the 
University of Birmingham and at Coalbrookdale, 
Shropshire, durmg September 23-25 Further mfor- 
mation can be obtamed from the Secretary, Iron and 
Steel Institute, 4 Grosvenor Gardens, London, S W 1 


THE Institute of the Rubber Industry 1s to hold a 
conference on Industrial Technical Organization at 
the Palace Hotel, Southport, durmg October 9-10 
Information can be obtamed from the Conference 
Secretary, Institution of the Rubber Industry, 4 
Kensington Palace Gardens, London, W 8 


Tur Committee on Geodesy and Geophysics of the 
Academy of Sciences of the USSR published m 
1957 a short report of 75 pages on the recent work 
done in the Soviet Union 1n the field of seismology, 
seismo-geology, seismological survey, physics of the 
earth, tectonophysics and the age determination of 
minerals and rocks A list of seismological stations, 
abstracts of some of the papers and bibliographies of 
others are given. 
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BRITISH CAST IRON RESEARCH ASSOCIATION 


OPEN DAYS 


HE British Cast Iron Research Association, 

Alvechurch, Birmingham, held two open days 
on May 28 and 29 The first day was arranged for 
visits by representatives of member firms and the 
second day for visitors from other research associa- 
tions, Government laboratories, universities, tech- 
nical colleges and local schools 

The president of the Association, Mr E Player, 
maugurated a new experimental cupola installation 
The cupola 1s a shaft furnace m which metal, coke 
and fluxes are charged alternately and air 1s blown 
through tuyéres up the furnace shaft This furnace 
is likely to remain the most important meltmg umt 
for cast won m Britam for very many years The 
reactions occurrmg are highly complex and the unit 
iS capable of mnumerable variations m design This 
experimenta] installation 1s on a full industrial scale, 
has mechanical charging and an extensive stockyard 
Use can be made of cold or hot blast, the latter bemg 
achieved by means of a separate oil-fired blast heater 
built with radiation and convection sections It 1s 
expected that air blast temperatures of up to 800° C 
will be achieved m the expermental work ‘This 
range of blast temperature 1s far higher than that on 
which there is any industrial experience at present 
The furnace will melt up to about sıx tons an hour 
and the molten metal produced will be disposed of 
by means of a pig-eastang machme Interchangeable 
well and melting zone sections have been provided so 
that the meltmg-zone profile can be changed and the 
furnace operated without a refractory lmmg in the 
meltmg zone and with water cooing The equipment 
18 fully instrumented so that materials and thermal 
balances can be accurately computed. 

Dr J G Pearce, formerly director of the Associa- 
tion, opened a new laboratory block to be devoted 
solely to study of fume and dust ın iron foundries 
and its ehmination This laboratory has a large 
experimental hall covered by a gantry crane, and is 
equipped for full-scale studies of the various dust 
extraction and ventilation problems which arise m 
iron foundries There is also a dust-estimation 
laboratory with a comprehensive range of mstruments 
for sampling mdustrial dusts Estimation of the free 
silica content of collected dusts 1s carried out by 
X-ray diffraction Demonstrations were made of 
various devices developed by the Association for the 
control of dust produced durmg the manufacture of 
iron castings 

In the chemical analytical laboratory the most 
important display dealt with the application of 
hquid/hquid solvent extraction and the removal of 
iron by extraction as chloride, and the acetylacetone 
complex was demonstrated In connexion with slag 
analysis, the extraction of heavy metals as diethyl- 
dithiocarbamate complexes ıs bemg applied to the 
determmation of alummium Another important 
display in this laboratory dealt with the determuna- 
tion of trace elements For the determmation of 
aluminium in cast iron the element is separated as 
the cupferron complex after removal of interfering 
elements by extraction with diethyldithiocarbamate 
and chloroform The separation of cobalt, copper, 


lead and bismuth was also ulustrated The determ- 
inations were completed by cathode ray polarography 
or spectrophotometry The demonstration of special 
methods of analysis was augmented by the display of 
a cathode-ray polarograph modified by the British 
Cast Iron Research Association to improve its utility 
and a spectrophotometer modified for smgle beam 
recording spectrophotometry m the ultra-violet 
region and for use as a high-sensitivity recordmg 
flame spectrophotometer 

The work of the Association not only covers the 
material cast iron, but also the material used for the 
moulds mto which the molten metal is cast These 
are usually clay-bonded silica sands, and the pro- 
duction of castings with good surface finish and free 
from defects mvolves consideration of them behaviour 
when rapidly heated by molten metal The srmulation 
of this cannot be achieved m tho laboratory by 
heating moulding-sand test pieces in normal labor- 
atory furnaces since, because of the low thermal 
conductivity of the materials, any organic or carbon- 
aceous materials are destroyed before the test pieces 
are uniformly heated These carbonaceous materials 
contribute m an important manner to the properties 
of mouldmg sands and are substantially not destroyed 
before a casting solidifies m a normal mould To 
overcome this difficulty a testing machme using 
dielectric heatmg has been developed which enables 
sand test pieces to be rapidly and uniformly heated 
to any desired temperature Load/deformation curves 
can be automatically recorded when the test piece 
has reached the required temperature One such unit 
has now been thoroughly tested and an attempt 1s 
bemg made to build similar equipment usmg a higher 
frequency and greater power input for still more rapid 
heatmg rates The technique should be of interest 
for the testmg of other ceramic and refractory 
materials at high temperatures, particularly where 
rapid rates of heating are ımportant 

Cast 1ron 1s & complex alloy capable of developmg 
a wide range of properties, dependmg upon the 
matter m which solidification proceeds The proper- 
ties of grey cast 1ron are determined by the dispersion 
of the graphite phase which origmates at a eutectic 
transformation during solidification The displays 
indicated that the solidification of this eutectic had 
recerved detailed study m terms of nucleation and 
growth It appears that elements which reduce the 
interfacial energy between graphite and the melt 
inerease the number of nuclei growing at a given 
degree of undereoohng Sulphur and hydrogen appear 
to reduce the rate of growth of the eutectic cells 
The technique by which the nucleation of the iron 18 
estimated by means of eutectic cell counting was 
demonstrated and stereophotomicrographs of the 
graphite skeleton within each eutectic cell were shown 
to illustrate the growth mechanism A special 
cooling-curve furnace used for solidification studies 
was also displayed This employed a molybdenum 
heating element and was constructed so that there 
was always a constant temperature difference be- 
tween the surroundings and the sample durmg 
solidification and recalescence 
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The application of the results of the fundamental 
work on nucleation to practical problems was well 
illustrated, particularly m connexion with the sound- 
ness of won castings Increasing the degree of eutectic 
nucleation increases the tendency to shrinkage defects, 
and methods for reducing eutectic nucleation are 
being tried The laboratory findings have been well 
confirmed by mdustrial trials 

Fundamental work ıs also proceeding on the mter- 
play of thermal and nucleation effects m the pro- 
duction of chilled castings, and also on the mechanism 
of solidification of white cast mons in which the 
eutectic of austenite and mon carbide can appear ın 
various patterns related to the nucleation of the melt 
and the amount of undercooling before solidification 
The detection of eutectic cells ın white cast rons has 
proved difficult and the use of the reflectmg polarizing 
mucroscope has so far proved to be the most useful 
tool 

The mechanism of the corrosion attack on cast iron 
in diesel engme waterways has been studied and the 
special test rig used was demonstrated  Yijvidence at 
present shows this to be caused by the accumu- 
lation of acidic oxidation products of the glycol 
in the coolant, the chief of which is formic 
acid The formation of formic acid 1s probably 
accelerated by the loss of the copper corrosion 
inhibitor 

The problem of phosphorus in foundry pig won was 
Ilustrated To a large extent British mon ores of low 
phosphorus content are exhausted. and foundry pig 
irons produced from home ores generally contam 
more than 1 per cent phosphorus This element has 
many harmful effects m cast mon when present in 
such amounts and the Association has just com- 
pleted an extensive survey of the possibility of 
utilizing high phosphorus iron ores for the production 
of low phosphorus foundry pig mon It has been 
possible to demonstrate that by top-blowmg with 
oxygen m a rotary Kaldo converter, the phosphorus 
of phosphoric pig 1ron can be substantially elimmated 
and the ron cheaply recarburized 
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Cast iron in steam engimeermg applications 1s 
generally limited to temperatures not exceeding 
450° F The Association has just completed the first 
part of an mvestigation showing that this 1s an 
unrealistic limitation since almost all cast rrons have 
dimensional stability up to at least 750° F Creep 
tests are in progress to provide additional evidence 

Cast iron 18 not a tiuly elastic material When 
stressed the stram can be shown to mvolve a recover- 
able anelastic component and an irrecoverable com- 
ponent By a study of the stress/stram curve the 
latter has been shown to involve true plastic deforma- 
tion and also a mechanism by which the graphite 
voids are increased in size The application of 
triaxial stress systems by means of muld notches is 
shown to modify the mechanical properties Typical 
results obtained in this mvestigation were demon- 
strated 

For many years the Association has been studymg 
the influence of the gaseous elements in cast iron, and 
the practical umplications of this work were illus- 
trated In particular, the influence of alummium ın 
cast mon in causmg the decomposition of water 
vapour, leadmg to the solution of hydrogen, was 
emphasized with many industrial examples 

The Association mamtams a Foundry Operations 
Section to provide the iron-foundimg industry with 
an advisory service on productivity and working 
efficiency Recently, considerable mterest has been 
displayed ın a form of time-lapse ciné photography 
known as ‘Memo-motion’ and the equipment used 
and typical results obtained on foundry operations 
were demonstrated 

The exhibition material was designed to demon- 
strate that the work of the Association mvolved 
largely applied research undertaken specifically in 
support of the 1ron-foundmg industry, its materials, 
processes, working conditions and productivity 
Many examples were given illustratmg how the worker 
m a more or less fundamental field could receive 
mspiration and ideas by contact with the day-to-day 
problems of mdustry H Morroee 


ATOMIC MECHANISMS OF FRACTURE 


CONFERENCE on “The Atomic Mechanisms 
of Fracture’ was held at Swampscott, near 
Boston, Massachusetts, durmg April 12-14, organ- 
ized by the National Academy of Sciences—National 
Research Council More than 400 people attended, 
including about twenty from overseas, and twenty- 
five papers were presented 
Although the mam emphasis was on the properties 
of metals, there were a number of papers dealing 
with non-metallic crystals, and non-crystalline solids 
In the last category mterest centred on dynamic 
effects H Schardin presented some rather precise 
results on the measurement of crack velocities m 
glasses of various compositions which showed that, 
although ıt 18 approximately true that the maximum 
crack velocity 1s proportional to the speed of longitud- 
inal elastic waves, there are significant discrepancies 
which appear to be correlated with the chemical 
constitution of the materia] H Kolsky discussed the 
similarities in behaviour of plastics and viscous 
liquids when subjected to tensile-stress pulses of 
short duration, caused by the stress waves from an 
explosion At the other extreme end of the time- 


scale, R J. Charles discussed the dependence upon 
time of the strength of silicate glasses under static 
loading Attributmg this to the chemical action of 
atmospheric water vapour at the tıp of a crack, he 
adduced supporting evidence from the behaviour of 
crystalline oxides under similar conditions 

In the main field of mterest of the conference, it 
was clear that the complexity of the process of fracture 
is now agreed Four types can usefully be distin- 
guished (1) ductile, (2) brittle, (3) creep, (4) 
fatigue It should, however, be emphasized that 
this 13 no more than a classification of convenience , 
each heading probably covers a variety of processes , 
and when any particular body changes from one 
piece mto two pieces a selection of these processes 
may have been mvolved, according to the conditions 
of the experiment An extreme case arises when a 
erystal of a soft metal draws down, in tension, to a 
chisel edge or a pomt The mechanism, doubtfully 
included under the general heading of fracture, 1s 
the flowmg of material away from the developmg 
neck, by smgle or multiple glide processes It was 
suggested that the central, fibrous part of the typical 
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cup-and-cone tensile fracture of, say, a copper bar 
might be essentially similar to this A paper by C 
Crussard et al emphasized the' value of the electron 
microscope in the study of such fracture surfaces— 
a value which arises not so much from its high resolv- 
ing power as from its great depth of focus Crussard 
showed that ın such a fibrous ductile fracture there 18 
evidence of repeated nucleation of new cracks ahead 
of the growing tip of the major crack, such nucleation 
taking place usually at minute inclusions m the metal 
The new cracks may then jom with the major crack 
by a process of repeated neckmg down, as just sug- 
gested 

R W K Honeycombe and C J Beevers showed 
that, by suitable choice of conditions, such necking 
can be suppressed, even in single crystals of a face- 
centred cubic material, and that when this 1s done one 
obtains a mode of separation which can be more 
properly called a true ductile fracture, the separation 
of the two parts takmg place along a previously 
heavily deformed ghde plane and bemg apparently 
controlled by the resolved shear stress on this plane 
On the other hand, single crystals of iron, tested at 
low temperatures by N P Allen and B Edmondson, 
either neck down to 100 per cent reduction of area, 
as already described, or else cleave along the {100} 
cleavage plane without obvious prior shp The 
choice between the two modes of behaviour 1s determ- 
ined by the direction of the tensile stress relative 
to the crystal axes, and the transition 1s quite sharp 

The topic which received the greatest amount of 
attention durmg the conference was the well-known 
duetile- brittle transition ım polycrystalline iron 
which normally takes place rather below room tem- 
perature A paper by G T Hahn, B L Averbach, 
M Cohen and W S Owen reported an extensive 
series of observations on the tensile fracture of mild 
steels, of various compositions and grain sizes, over 
the temperature range 20-290? K. , which showed that 
the phenomena are more complex than had perhaps 
previously been realized In particular, the authors 
claim that different processes are important im 
different ranges of temperature—other thmgs bemg 
equal—and that mechanical twinning plays a decisive 
part at the lowest temperatures 

Microscopie observations of specimens broken, or 
almost broken, under conditions near those obtain- 
ing at the brittle—ductile transition showed the 
existence of numerous mucro-cracks, each usually 
confined to a single grain The frequency of occurrence 
of such cracks varied systematically with the condi- 
tions of the test and the authors mamtam that ıb 1s 
necessary to subdivide the process of fracture im this 
transition range into (a) true imitiation m which 
some plastic deformation ıs probably essential, 
(b) growth withm the origmal gram, (c) propagation 
through the rest of the specimen A useful concept 
which arises 1s that the ‘effective’ value of the 
-surface energy of the newly formed surfaces may be 
much larger—the authors deduce 10 times larger— 
for (c) than for (b) This ıs indeed reasonable in the 
hght of some of the fractographie studies of J R 
Low, which show very clearly the change of character 
of a cleavage surface which can take place when the 
crack passes from one grain mto another less favour- 
ably oriented for cleavage 

A contribution from N J Petch summarized his 
own extensive work, relevant to the more metallurgi- 
cal aspects of the same problem In addition to 
the grain size, temperature, and stram-rate, which are 
commonly recognized as important variables, he 
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discussed also the mechanisms by which the carbon, 
nitrogen and other elements commonly present in 
steels affect the various stages of the fracture process, 
and the ways m which their influence can be modified 
by previous mechanical and thermal treatment The 
mtroduetory paper by A H Cottrell also dealt with 
the brittle—ductile transition at some length, in 
addition to giving a general survey of the whole 
subject of the conference Although some points of 
controversy remain, and although much detailed work 
remains to be done, 1t appears that the broad outlines 
of the explanation of the ductile—brittle transition 
are becoming settled 

The two mam contributions on creep fracture, 
namely, on slow fracture at temperatures which are 
high relative to the meltmg point, came from N J 
Grant and R C Gifkms The features which dis- 
tinguish this type of failure from the others are the 
considerable importance of gram-boundary shdmg 
and grain-boundary migration, the comparative ease 
of dislocation climb processes, and the possibility of 
deformation by the migration of point defects under 
the action of stress It was made very clear that these 
four processes can be mter-related in several ways, 
and that they can all be inter-related to any deforma- 
tion by dislocation glide which may be taking place 
m the body of the grams — Failure 1s often, but not 
always, mtergranular, and ıs often, but not always, 
associated with the presence of ‘voids’ m the gram 
boundaries The fracture behaviour was reported to 
be particularly sensitive to the presence of small 
amounts of impurity m a nominally pure metal 
The paper by Gufkins summarized some of the earlier 
experimental work, which 1s considerable in quantity 
and not always self-consistent It 1s clear that ıt is 
likely to be some time before the present confusion 
approaches anythmg approximating to a unified 
body of knowledge, although the general lines of the 
pattern are beginning to emerge 

The problem of fracture durmg fatigue is perhaps 
im the least satisfactory state of all Of the papers 
presented at the conference, most were concerned 
with the early stages of the process W A Wood 
described the mteresting results obtamed by a taper 
sectioning method applied to a partially fatigued 
copper specimen As with so many other papers 
on other topics, the impression given by this work 15 
that the mechanism of fracture 1s more complex than 
had hitherto been supposed The emphasis js on 
the events taking place close to the surface of the 
sold, and leading up to the formation of a true 
crack E S Machin and A J McEvily described 
experiments on four morganic crystals which seem 
to show an inter-relation between hability to fatigue 
fracture and the ability of the crystal to become 
deformed by cross-slip , the possibility of the forma- 
tion of ‘extrusions’ from the metal surface also seems 
to be correlated with both these features A simular 
point emerges from a comparison of two papers on 
copper by W A Backofen and N Thompson, respec- 
tively, one of which dealt with the effect of crystal 
orientation on habihty to fracture while the other 
related crystal orientation to extrusions 

Mention must also be made of the contribution by 
E R Parker on the cleavage fracture ın tension of 
single crystals of magnesium oxide These observa- 
tions, and similar work by Stokes et al, mentioned 
m the course of discussion, demonstrate the advan- 
tages to be gained by expermmenting on ionic rather 
than metalhe crystals, and emphasize a point that 
was made on a number of occasions This 1s that, on 
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close examination, no crystal breaks m a truly brittle 
manner, the fracture is always preceded by some 
small amount of plastic deformation This is one 
of the key pomts m connecting theories of fracture 
with current views on the mechanical behaviour of 
erystalhne solids The other general feature of the 
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proceedings, already mentioned, was the evident 
fact that m no circumstances 1s fracture a simple 
process The realization that “when a problem ıs 
difficult, 16 18 probably two problems" ıs perhaps the 
most important step on the road to a solution 

N THOMPSON 


OXIDATION OF ORGANIC COMPOUNDS 


SYMPOSIUM on the oxidation of organic com- 

pounds was held in the Stern Hall at Queen 
Mary College, University of London, durmg April 
13-14 

In his openmg address Mr D A C Dewdney, 
director of Esso Petroleum Co, Ltd, spoke of the 
1mportance of a free exchange of scientific information 
and the need of still further fundamental research into 
basic problems, an improving standard of living 
and higher productivity are largely dependent on the 
commercial application of original scientific discover- 
ies In welcoming visitors to the symposium, he 
referred especially to those from the USSR and 
Czechoslovakia 

The first part of the scientific discussion was con- 
cerned with the course of the oxidation of saturated 
hydrocarbons by chromic acid m acetic acid contain- 
ing some sulphuric acid From the papers and the 
discussion which developed there was general agree- 
ment that the first recognizable stage in the oxidation 
18 hydrogen abstraction from the hydrocarbon, and 
that the factors which mfluence the speed of the 
reaction are maimly steric and configurational The 
same factors also determine the rate of oxidation 
by chromium trioxide m anhydrous media, 

Dr J Roéek (Institute of Chemistry, Czechoslovak 
Academy of Science, Prague) reported that n-paraffins 
are oxidized at a rate directly proportional to the 
number of methylene groups, the rate constant for 
any individual member bemg ky, = kog, (n — 2), 
where n 1s the number of carbon atoms and kop, the 
rate constant for the oxidation of a smgle methylene 
group ‘The relative rates of oxidation of the methyl, 
methylene, and methine groups m open chain hydro- 
carbons have been found to be 0 015-1 - 32-77 
Measurements of the rate of oxidation of cycloalkanes 
disclosed some interesting anomalies 

The oxidation-rate of the tertiary CH-group 1s 
found to vary somewhat with the bulk and structure 
of the neighbourmg alkyl groups, these variations 
are due mainly to polar factors and are simular to 
changes in rates of solvolysis of the corresponding 
tertiary chlorides Only ın special cases has steric 
retardation been found , steric acceleration does not 
play any detectable part m the acyclic series It 18 
concluded that the rate-determmimg step is the 
formation of a carbonium ion by way of a hydride 
ion transfer from the hydrocarbon molecule to an 
oxygen atom of the oxidizing agent 

Prof K B Wiberg (University of Washington) 
from a study of the rate of oxidation of diphenyl- 
methane and of its nuclear substituted derivatives 
in 95 per cent acetic acid concluded that the oxidation 
proceeds by initial removal of a hydrogen atom 
to give a benzhydreyl radical which is then oxidized 
directly to benzophenone In support of such a 
mechanism, oxidation of optically active 3-methy]l- 
hexane gives an optically active tertiary alcohol, 
a result which seems to exclude the initial formation 


of a carbonium ion ‘The formation of camphenilanic 
acid by the oxidation of «socamphane 1s also cited mm 
support of that view. Further evidence of an indirect 
nature 1s derived from a study of the action of chromyl 
chloride on propylbenzene-Bgd;, benzyl methyl 
ketone 1s among the products, and 16 was found to 
have one deuterium atom m the «-position, indicating 
a deuterium shift during the reaction 

The oxidation of tertiary paraffins by chromic acid 
in presence of sulphuric acid 1s known to lead to 
tertiary alcohols, and the course of the reaction can 
be interpreted 1n terms of dehydration of the alcohol 
to olefin In a study of the oxidation by Dr W J 
Hickmbottom (Queen Mary College, London) the 
conditions were selected so that tertiary alcohols could 
not be formed, by usmg chromium trioxide m acetic 
anhydride Under these conditions, paraffins gave 
products which were qualitatively identical with 
those from the corresponding olefins m presence of 
weak acids Further, some of the paraffins gave 
unsaturated products From these results and from 
quantitative measurements of the rates of oxidation 
15 was concluded that tertiary paraffins are attacked 
preferentially at the tertiary carbon atom with the 
subsequent formation of an olefin 

A possible key to the oxidation of paraffins by 
chromic acid may lie ın the behaviour of the alcohols 
which may be derived from them by oxidation Our 
knowledge of the course of the oxidation of alcohols 
is based on the work of Prof F H Westheimer 
(Harvard University) In contmuation of this work, 
he described, with Y E Chang, a study of the 
oxidation of pmacol and its monomethyl ether. A 
feature of the pimacol oxidation ıs that ıt proceeds 
2 7 times as fast ın deuterium oxide as m water 
This was interpreted to mean that the hydroxyl 
bond 1s not cleaved in the rate-controlling step of the 
oxidation The relative merits of an ester mechanism 
and hydride abstraction were discussed and many 
useful ideas exchanged 

Dr W A Waters (Oxford) reviewed the relation- 
ship between vanadate and permanganate oxidations 
The role of trivalent manganese and of organic free- 
radical intermediates mm permanganate oxidations 
was reviewed Features diagnostic of one-electron 
oxidations were brought to notice It was stressed 
that lack of diagnostic evidence need afford no grounds 
for the rejection of a reaction mechanism 

Dr J W Ladbury (ICI, Ltd, Plastics Division, 
Welwyn. Garden City) and Dr © F Culls (Imperial 
College of Science and Technology, London) discussed 
the oxidation of morganic and organic compounds 
by permanganate The development of reaction- 
rate with time depends on the nature of the compound 
undergoing oxidation The observed types of 
behaviour fall, broadly speaking, into four categories 
according to the shape of the reaction — time curves 
Thus there may be (1) a continuous decrease in 
rate with time, usually not strictly according to a 
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second-order kinetic law , (2) an initial autocatalytic 
development of reaction-rate followed eventually 
by a decrease due to consumption of reactants , 
(3) an mitia] high rate of reaction which rapidly 
decreases almost to zero and is then followed by an 
autocatalytic reaction of type (2) , (4) an mitial high 
rate followed by a lnear reaction — time curve 
These various kinds of behaviour were discussed and 
reasons proposed for the characteristic differences 
observed according to the nature of the substrates 
In the discussion on this, Prof N M Emanuel 
(Moscow) directed attention to the resemblance 
between type (3) and the oxidation behaviour he had 
observed using oxygen 

Dr S Littler and Dr W A Waters (Oxford) 
reported that pentavalent vanadium becomes an 
oxidizer in acid solution, the active agents being 
cations, for example, VO,*, V(OH),**, depending on 
the acidity, which reduce only to the oxidation-level 
of quadrivalent vanadium with organic compounds 
Kimetic studies were reported of some glycol tssions 
and of the oxidation of cy lohexanol In the latter 
ease an initial rapid esterification seems to be involved 
though the rate-determining stage involves C—H. 
bond fission Isotope effects ın cyclohexanol depend- 
ing on the oxidizing 10n were discussed and a cyclic 
mechanism proposed 

The oxidation of saturated hydrocarbons in the 
liquid phase by aur 15 now a matter of both industrial 
and theoretical mmportanee Prof A N Bashkirov 
(Moscow) deseribed his work on the oxidation of the 
higher paraffins In this he described a very important 
development, namely, that the oxidation can be 
arrested at a predeternuned stage By using boric 
acid and selecting suitable conditions—a temperature 
of 165-170? C and a nitrogen—oxygen mixture con- 
taining 3-4 5 per cent of oxygen—the higher paraffins 
ean be converted into the corresponding alcohols in 
70 per cent yield There is practically no degradation 
of the hydrocarbon molecule and all the possible 
secondary alcohols are formed 

Prof N M Emanuel (Moscow) discussed a number 
of interesting aspects of slow branched-cham oxida- 
tion reactions of hydrocarbons, and reference was 
particularly made to the capacity for auto-acceleration 
and self-propagation and the control of these reactions 
by homogeneous catalysts Some of the ideas 
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developed in this paper were shown to have applica- 
tion in biological processes such as retardation and 
suppression of the growth of malignant tumours in 
animals 

Prof H B Henbest (Queen's University, Belfast) 
reported that trialkylamines are readily oxidized 
by a large variety of reagents, the initial products 
bemg usually N-oxides, enamines, or carbinolamines 
Depending on its structure and the reaction conditions, 
a compound of the last type may be oxidized further 
to an amide or may cleave to a mixture of a secondary 
amme and a carbonyl compound Analogous com- 
pounds may be formed in the oxidation of dialkyl 
anihnes, but m this series additional products are 
possible if nuclear positions become involved in the 
reaction 

A general survey of the field was presented, followed 
by a more detailed discussion of some of the reactions 
of zrialkylamines and dialkylanilimes with N-bromo- 
succmimide, ceric salts, p-quinones, di-tert-butyl 
peroxide, and benzoyl peroxide The results with 
dialkylanilines suggest that the three primary 
oxidation processes of electron removal, hydrogen 
atom removal, and hydride ion removal, can all 
occur, the choice for any particular amie bemg 
mainly dependent on the type of oxidizmg agent 
used 

Some known features of oxidations by persulphates 
were summarized by Dr R G R Bacon (Queen's 
University, Belfast) and new data presented Per- 
sulphates may be employed (a) as aqueous solutions, 
undergoing thermal or photo-mduced decomposition , 
(b) ın strongly acidic solutions , (c) m alkahne solu- 
tions, (d) ın redox systems, where persulphate 
acts m conjunction with, for example, an oxidizable 
metalion The use of persulphate in redox systems 
was discussed with emphasis on the value of silver 
ion as the redox partner Applications of this method 
to oxidations of alkylbenzenes, phenols, alcohols, 
carboxylic acids, and &mines, were described 

In summing up the proceedings of the symposium, 
16 can be said that its success as a scientific meeting 
depended very largely on the free and uninhibited 
exchange of ideas and the discussion of current and 
unpublished work now m progress 

W J HICKINBOTTOM 
R F Garwood 


GAS CHROMATOGRAPHY 


HE Gas Chromatography Discussion Group 
associated with the Hydrocarbon Research 
Group of the Institute of Petroleum has now com- 
pleted its reorganization followmg an maugural 
general meeting last autumn, held at University 
College, London, on September 23, 1958, and the 
first annual general meeting at the Imperial College 
of Science and Technology, London, on April 10, 1959 
Both meetmgs were held m conjunction with an 
informal symposium and were attended by more than 
two hundred participants 
The success of the new organization may be judged 
from the total enrolled membership, which 1s now 
about 220, of which some fifty are from the Con- 
tment or the United States The Group has now 
organized four one-day informal symposia m Britain 
and the second formal symposium m Amsterdam m 
the spring of 1958, which was attended bv nearly 


five hundred participants from twenty-one different 
countries In addition, ıt has published two papers 
and arranged for the manufacture and sale m the 
United Kingdom of specially prepared stationary 
phases and supports in an endeavour to standardize 
experimental procedures for determining, and methods 
of presenting, gas chromatographic data Arrange- 
ments are being completed for the collection and 
distribution of the latter to membeis, together with 
abstracts of papers on the technique from more than 
sixty journals The future programme tentatively 
meludes another informal symposium to be held at 
Bristolin the autumn of 1959, and the third formal sym- 
posum m Edinburgh during 1960 The outstandmg 
contributions of Dr A J P Martm, both m origmatmg 
gas-liquid chromatography and in many important 
later developments, have been recognized by the Group 
by bestowing on him honorary life membership 
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The technical part of the meetmg at University 
College, London, on September 23, 1958, was intro- 
duced by Prof E D Hughes, who gave a short 
welcoming address commenting on the rapid growth 
of the Group Dr D Ambrose, the local organizer, 
then presented proposals on behalf of the Group for 
the determmation of retention volumes under stan- 
dard conditions Various practical pomts about the 
experimental procedures were discussed, meluding 
temperature control and the life of columns 

Dr G A P Tuey described the work done m his 
laboratories ın preparation for the sale of standardized. 
materials for use as stationary phases Extensive 
tests had been made of volatihty m an apparatus 
which simulates conditions in the chromatographic 
column but allows a gravimetric determination of the 
loss at a particular temperature The rate of loss 
with time was determmed and a final specification 
meludes a figure for initial loss, the steady rate of 
loss and relative and specific retention data 

The comparison of detectors for gas chromato- 
graphy was the subject of a paper presented by Dr 
I G McWilham Detectors were discussed in terms 
of sensitivity, response time, relationship of detector 
output to molecular parameters and ease of con- 
struction and operation The sensitivity 1s best 
stated m terms of gas concentration, and the umit 
gm [ml of carrer gas was advocated. Base-lme 
noise (uV ) and drift (uV [hr ) should also be stated 
The response time must be small enough for negligible 
distortion of the true peak shape to occur If the 
relationship between detector output and some 
molecular parameter 1$ known, quantitative analysis 
without calibration 1s facihtated Although all these 
factors must be considered ın selecting a detector, 
the final choice frequently depends upon the ease of 
construction and operation Of those in use, Dr 
MeWilhem considers the single-jet flame ionization 
detector the simplest 

Dr K R Garett presented a report on a pro- 
gramme of co-operative analysis of hydrocarbon gases 
organized by the Institute of Petroleum Cylinders 
containing sales butane and a cracked C,-muxture 
have been circulated among participating labora- 
tories, where they have been analysed using a range 
of techniques Prelmmay results indicate the 
importance of standardization of methods of taking 
samples from the cylinders and enable some assess- 
ment to be made of the reproducibility of possible 
standard procedures 

An interesting study of alumina as a packing was 
described by Mr C G Scott Several methods of 
achieving different levels of adsorption activity had 
been tried, but the most promismg seemed to be the 
addition of small quantities of water and silicone oil 
With optimum proportions ıt was possible to mam- 
tain the ability of the adsorbent to separate hydrogen 
and methane but with much reduced retention 
volumes for the higher hydrocarbons An analysis of 
a gas mixture containing hydrogen, C;-, C;-, Cs-, C4- 
and C,-hydroearbons was therefore possible in a 
single run at constant temperature 

Prof R M Barrer welcomed the Group to the 
Imperial College of Science and Technology, London, 
on. April 10, 1959, congratulating 1t on the excellence 
of the meetings ıt organized and the vigour and enter- 
prise shown by such a comparatively new organiza- 
tion The local organization of this meeting was 
carried out by Dr G J Minkoff The first paper, 
presented by Dr A Goldup, was concerned with the 
potentialities of the new coated capillary columns in 
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the petroleum industry He described & compact 
practical apparatus with which capillary columns 
had been operated at temperatures up to 250° C 
Column efficiencies in excess of 100,000 theoretical 
plates had been obtamed with metal tubes ten- 
thousandths of an inch m diameter and 250 ft long 
coated with squalane or ‘Apiezon’ grease A novel 
sample introduction device was described m which 
the very small samples required for the column were 
obtained by a dynamic division of the carrier gas at 
the column head The use of these high-efficiency 
columns m the analysis of various petroleum products 
and in geochemical prospecting was illustrated Mr 
B H F Whyman, another of the authors of this 
paper, ın a prepared contribution to the discussion, 
described a sunple apparatus for drawing long 
lengths of coiled glass capillary, which show certain 
advantages over metal capillary 

Mr R P W Scott then described the use of fine 
nylon tubes (0 01in, 0 02 1n and 0 lin m diameter) 
as capillary columns Simple coatmg procedures 
were used, the transparency of the nylon being help- 
ful m adjusting the rate of flow of the solution of 
the stationary phase through the tube A column 
1,000 ft m length of 0 02 m diameter coated with 
dinonyl phthalate gave a maximum of 750,000 plates, 
but the efficiency tended to fall off rapidly with m- 
creasing ietention irme to about 250,000 plates 
Operating temperatures were limited to about 100° C 
with present tubing, but 180°C seemed feasible with 
other polymers A very active discussion took place 
following these two papers and ıt 1s obvious that 
there ıs much interest ın these new capillary columns, 
which M J E Golay described for the first time m 
the autumn of 1957 

A new detector employmg changes of dielectric 
constant developed primarily for preparative-scale 
gas chromatography was described by Mr D W 
Turner For this application, where high sensitivity 
1s not so important as for analytical work, the 
detector has the advantages of bemg largely mde- 
pendent of flow-rate, non-destructive and reasonably 
robust It employs a novel eireuib which is very 
sensitive to the munute capacity changes produced 
in the detector cell, and with shght modifications 18 
easily used with solutions such as are encountered in 
liquid chromatography 

Mr V Wills presented a paper on the application 
of gas chromatography to process stream monitoring, 
where an instrument is required automatically to 
sample and analyse a gas or liquid stream over long 
periods A column-hfe of two years 1s aimed at, but 
is difficult to attam with many stationary phases 
Although a useful survey of requirements was 
given, unfortunately few constructional details were 
available 

Finally, m the last paper Dr S H Langer dis- 
cussed his work on improvement 1n stationary phase 
selectivity He exemplified this with his results usmg 
tetrahalophthalate esters for the separation of the 
aromatic hydrocarbons These esters had been 
selected ın an endeavour to exploit the complex 
formation known to exist between tetrachlorphthalic 
anhydride and condensed aromatic hydrocarbons 
Effective separations of the lower aromatic hydro- 
carbons had been obtamed and separation factors 
and activity coefficients were compared with other 
stationary phases It seems likely that the election- 
deficient tetrahalo-substituted ring interacts with the 
aromatic compounds by a charge-transfer mechanism 

D H Dssty 
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RADIATION SAFETY AND HEALTH PHYSICS 


By J W. 


HE Windscale reactor meident of October 1957 
involving the release of radioactive fission 
products into the atmosphere}, undoubtedly served 
to focus the attention of the general public on to the 
hazards of 10nizmg radiation and to the imcreasmg 
risks of exposure Interest has also been aroused by 
the publication of reports by the Ministry of Health, 
Medical Research Council? and the UN Scientific 
Committee? The rapid expansion of the nuclear 
power programme, coupled with the mcereasing 
employment of sources of ionizing radiation m 
industry, medicme and research institutions, and 
also nuclear weapon testing, demands an increasing 
vigilance and knowledge of the msks and safety 
precautions on the part of many people The UK 
Atomic Energy Authority has an excellent record of 
safety both with respect to 1ts own staff and to the 
general public in the vicinity of its establishments, 
and has also exercised a rigorous control over the 
discharge of waste radioactive products mto the 
environment’ The Fleck Committee set up to mquire 
into the organization for control of health and safety® 
nevertheless recognized the need for a rapid expan- 
sion of health physics and safety staffs m the 
Authority, and recommended that the Research 
Establishment at Harwell should set up a national 
tramimg centre for health physics and nuclear safety 
staff to cater for persons both inside and outside the 
Authority 
A number of short courses on ‘Radiological 
Protection” have already been held at the Isotope 
School, Harwell , but ıt was felt that there was scope 
for a college of technology to undertake similar work 
An approach was therefore made to the United 
Kingdom Atomic Energy Authority, Industrial 
Group, at Risley, ın the spring of 1958 with the view 
of imntroduemg courses ın the Liverpool College of 
Technology later ın the year A scheme was prepared 
m conjunction with the Authority and this article 
provides a brief mtermm report, based on experience 
of three courses which have been run m late 1958 
and early 1959 
Each course is of a fortmight’s duration The 
available places on the three courses have been taken 
up by representatives of the UK Atomic Energy 


Table 1 


Section Topics 


LUCAS 


Authority, public health departments, factory in- 
spectorate, local ndustry, insurance, and education , 
members attending mclude medical officers, physic- 
ists, engmeers, surance accident surveyors, chemists, 
publie health mspectors and safety officers 

The arm of the courses has been to provide an 
introduction to, and a general survey of, the problems 
of radiological protection against all forms of 1on1zing 
radiation The very specialized problems of reactor 
safety and the processing of nuclear fuel elements 
have not been dealt with specifically, except m so far 
as environmental effects may be mvolved Special 
attention in both lectures and practical work 1s, 
however, given to subjects such as the comparative 
properties of radiations, the sources of radiation 
meluding background and fall-out, the effects of 
radiation on plants, animals and man, contamination 
and decontamination, waste disposal, health physics 
mstrumentation and monitoring procedures, absorp- 
"on of radiation and shielding. Table 1 summarizes 
the lecture and practical topics which have been 
covered on the early courses, the programme 1s 
rounded off by visits to local mstitutions and works, 
by the exhibition of films, and by discussions 

The programme of practical work has been devised 
to provide a series of short-term experiments, under- 
liming the basic problems of a comprehensive pro- 
tection service Some aspects of the practical work 
and the results which have been obtamed have 
already proved of .considerable mterest and are 
briefly described It 1s hoped to publish the detailed 
observations at a later date 

The experiments ın radiobiology have been singu- 
larly successful m demonstrating the fate of various 
radioisotopes when brought into contact with bio- 
logical organisms to be found in a natural environ- 
ment The techniques have been previously described 
by D C Pickermg and myself* The experiments 
with blanket weed (Maerospora) have demonstrated 
conclusively the ability of the algae to concentrate 
many isotopes from thew environment, and have 
particularly served to emphasize the importance of 
properly planned disposal procedures <A safe pro- 
cedure for radioactive liquid waste is afterwards 
demonstrated to members of the course 


SYLLABUS OF LECTURES AND PRACTICAL WORK 


Lectures Practical 








Radiation and its sources Comparative properties, units and 
calculations of dosages, back- 
ground and fall-out, nuclear 
reactors, particle accelerators 

Prineiples of measurement, types of 
counter and H P instruments 

Radiation chemistry , radio-biology- 
genetics, metabolic processes 

MPL's and MP C's, control of 
internal and external radiation in 
laboratories and plants, medical 
care, waste disposal, legal require- 
ments; industria] practice, X-ray 
units 


Measurement and detection 
of radiation 

Interaction of radiation 
and matter 

Radiological protection 








No of hours Subject No of hours 
6 X-ray equipment and sealed sources 1 
Techniques with open isotopes— 7 
counting and identification 
5 Calibration and operation of H P 3 
instruments Dosage caleulations 
6 Radiobiology 7 
10 Contamination—prevention and re- 4 
moval 
Waste disposal 1 
Shielding 2 
Radiation mon:itormg 2 
Aur sampling 2 

















Lectures have been presented by members of the Health and Safety Branch of the U K Atomic Energy Authority Industrial Group, Factory 
Inspectorate and the Universities of Leeds and Liverpool, ın addition to College staff 
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The importance of thorough testing of materials of 
construction for contammation properties is not 
generally appreciated A fairly extensive mvesti- 
gation was undertaken by P C Thompkins et al in 
the United States’, but data concernmg materials 
available in Great Britain are not readily available 
A simple test procedure has been devised to provide 
a measure of contamination for a range of materials 
and isotopes ‘The method also enables a variety of 
surface protecting agents and decontamination pro- 
cedures to be investigated Results on a wide range 
of matenals are gradually bemg accumulated to 
provide some form of quantitative assessment of 
comparative degrees of contammation 

The first three courses have provided invaluable 
experience and have suggested numerous lines of 
future developments In particular, more advanced 
courses of three to six months duration are under 
active consideration m addition to an expansion of 
work on & number of research projects, leading to 
the new MCT award 
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I wish to acknowledge my indebtedness to the 
UK Atomic Energy Authority for advice m the 
preliminary stages and assistance with lectures and 
equipment, to Prof F W Spiers for advice and 
lectures m the early stages, to Prof A B Semple 
(Medical Office of Health, Liverpool) for advice and 
lectures, to Dr Sing for his constant and active sup- 
port and encouragement, and to Mr D C Pickering 
for his indefatigable contributions ın radiobiology 


1(a) Stewart, N G , and Crookes, R N, Nature, 182, 627 (1958) 
(b) Chamberlain and Dunster, wed ,182, 629 (1958) (c) Maycock 
and Vennart, wid ,182, 1045 (1958) (d) Bush and Spiers, thid , 
183, 515 (1959) 

2 “The Hazards to Man of Nuclear and Allied Radiations" 
Research Council (H MSO ,Cmnd 9780, 1956) 

* Report of the UN Scientific Committee on the Effects of Atomic 
Radiation, UN General Assembly, Official Records, New 
York, 13th Session Supp 17 (4/3838) (1958) 

‘Dunster and Farmer, IGS/R/R8 (January 1958) 

5'"The Organization for Control of Health and Safety in the 
UKAEA” (Cmnd 342) (HMSO, 1958) 

€ Lucas, J W ,and Pickering, D C , Nature, 182, 1242 (1958) 

1 Thompkins, P C ,et al, Indust Eng Chem , 42 (8), 1469 (1950) 
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BRITISH UNIVERSITIES FILM COUNCIL 


db twelfth annual general meeting of the British 
Universities Film Council took place m Cardiff 
durmg May 8-10 ‘This short survey describes its 
development and traces the mam tasks which ıt set 
itself ın the field of university teaching and research 
This year’s discussions and lecture-demonstration 
programmes included a report on closed-crrcuit tele- 
vision relay experiments for ‘overflow’ lecture rooms, 
a survey of television university courses in the 
United States, and a demonstration of visual-aid 
equipment for the ideal lecture room Among other 
things, the Council 1s at present interested in haison 
with the International Scientific Film Association, 
further exploration of a possible leetuieshrp in film 
and contmuance and improvement of the catalogue 
and journal 

The present honorary secretary of the British 
Universities Film Couned, Mr C J Duncan, of 
King’s College, Newcastle, recently reviewed the short 
history of the Council m an address at Gottingen He 
rightly emphasized that the Council is a gathering 
of university representatives, brought together 
through a common interest m films for university 
purposes This at once makes clear the practical 
advantages of personal contacts developed between 
individuals m. each university or college, and of the 
direct personal ways m which they can in turn infect 
therr colleagues with ther own enthusiasm for usmg 
o making films 

However hampered by financial strmgoncy—in a 
medium far less expensive than is commonly assumed 
—-however different the rate of progress ın member 
mstitutions, that keynote of enthusiastic co-operation 
has been a feature of the Council since 1ts foundation. 
in the autumn of 1948 A few months earler, the 
Cambridge University Film Council had been set up 
and ıt was this body which called tho first gathering 
of ‘film representatives’ from all universities and 
colleges The ams of the Council, as then laid down, 
have not materially changed smce then, although 
the emphasis may have varied Briefly stated, these 
aims are the promotion of the production, distribution 
and use of films in umversity teachmg and research 
The ams have been practically pursued in hard- 


working sub-committees which act as special report- 
ing and planning bodies to the executive and the 
Council, which meets annually each year at a different 
university The tonic effect of the visits has already 
been noticed, for durmg the meeting, the host- 
university staff and students, and interested bodies 
from outside, are mvited to attend demonstrations, 
exhibitions of equipment, and programmes of films 
of interest to universities Past chairmen have come 
from Cambridge, Edmburgh, the Imperial College of 
Science and Technology, London, and the Royal 
Technical College, Glasgow 

The Council’s membership has grown to include 
to-day, as full members, thirty-two mstitutions in 
Great Britain alone, with a good hope of soon enlisting 
in addition the new colleges of advanced technology 
(Loughborough 18 already a member of long standing) 
Among the Council's associate members are the 
Scientific Films Association, London, Shell Pubhe 
Relations Department, the French Institute, Lon- 
don, and Eastman Kodak Co (Non-Theatrical Film 
Section), Rochester, New York Close contacts and 
visiting arrangements exist with Dutch, German, 
Fiench and Polish organizations mainly devoted to 
reseaich films This contact with foreign bodies 1s 
expanding and is promoted by members attending 
international gatherings, such as the annual con- 
gress of the International Scientific Films Association 

Nearly all British unrversities and colleges have 
through ther delegates participated m the work of 
the executive or its sub-committees With the help 
of the British Film Institute and the support of 
subseriptions from member universities, the Council 
collects and dissemimates information and advises on 
suitable films, or relevant parts of films and related 
material Good haison exists with organizations 
domg comparable work 1n education, research, 
industry and commerce The Council’s hbrery, 
centrally housed at the British Film Institute, con- 
tams films recommended by the Library Sub- 
Committee, but only a fraction of what would be 
desirable 1s ın fact there The Catalogue, ın the hands 
of an active and energetic sub-committee, conducted 
from Glasgow, already contams more than 1,500 
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titles , a card index ıs issued free to members and 
can be bought by others It consists mamly of films 
on pure and applied science, but no subject 1s ignored 
which 1s withm the scope of a university Medical 
films are also hsted, but the Committee tries to 
avoid duplication of the work of the Film Committee 
of the British Medical Association and related 
organizations Catalogues are, as a rule, easily access- 
ible m university reference libraries, and many mem- 
ber institutions have as many as three copies in 
constant use Index cards are 2d each to non- 
members (mimimum 5s), and a revised list was 
published early m 1957 The Council also publishes 
the Unuersity Pm Jounal about three times a 
year, which contams relevant articles of mterest to 
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staff and students ın universities, important reprmts 
and as much news material from home and overseas 
as possible At the time of writing, inquies are being 
circulated throughout all member universities on the 
quality and kind of film needed by lecturers and 
professors, and what special film equipment is bemg 
held and would be available to colleagues 

The Council has successfully sponsored special 
conferences on the use of films in such diverse fields 
as modern languages (at the Institut frangais), arts 
subjects (at the Institute of Education, London), 
chemical engineering (at Birmingham), psychology 
(at Umiversity College, London), ıb has also, ın the 
past, assisted 1m the selection of films for the annual 
British Association meetings J Horne 


UNIVERSITIES AND ADULT EDUCATION IN BRITAIN 


HE total number of courses conducted in Britain 
by university extra-mural departments durmg 
1957-58 were rather fewer than during 1956-57, but 
still above the figure for 1955-56 Although this may 
give cause for modest satisfaction, the slight declme 
which took place was not evenly spread over the whole 
of the work but affected with disproportionate 
severity tutorial classes and residential courses, two 
branches of work which universities have traditionally 
cherished* Since the begmmmmg of the current decade 
the tendency has been for the number of tutorial 
classes to decline, but the sharp drop durmg 1957- 
58 18 without recent precedent 
There are signs that the policy of financial 
Innitation initiated a few years ago is now affecting 
extramural work, particularly in the type of course 
provided In such work 1t is difficult to stand still, 
an attempt to curb developments mherent m the 
work 1s apt to lead to retrogression Many extra- 


* Universities Council for Adult Education Report on the year 
1957-1958 Pp 28 (Bristol W E Salt, Hon Secretary and Treas- 
urer, The University, 1959 ) 


mural departments were just able to hold their 
own, or reported small imcreases in the number of 
classes (usually shorter classes) in spite of grant 
problems 

At Glasgow 1t was reported that "durmg the past 
year some of the emergeney cuts which had to be 
made, such as the reduction of the library grant, 
are hkely to have a harmful effect on the quality of 
the work unless they can soon be restored" Notting- 
ham had to reject ten requests from classes because 
of shortage of funds At Oxford also there were 
financial problems “The University Chest found 
itself forced to cut ris grant for extra-mural work, 
with the result that the adult scholarship scheme was 
suspended and the number of classes fell more sharply 
than at any other university " The Delegacy for 
Extra-Mural Studies restated, m a memorandum 
submitted to the Hebdomadal Council, its firm 
behef in the value and importance of extra-mural 
studies, and “its regret that the work must be 
contracted at a time when the need for 1t had become 
even more urgent" 


THE CENTRAL AGRICULTURAL RESEARCH STATION, 
CARAPICHAIMA, TRINIDAD 


By Dr A J. VLITOS 


Director 


HE new Central Agricultural Research Station 
located at Carapicha:ma, Trinidad, 1s an mstitu- 
tion mtended to foster fundamental and applied 
research relative to sugar cane Supported by 
private funds (Caron1, Ltd , and Ste Madeleme Sugar 
Co, Ltd) the new Research Station is concerned 
with the agronomy, physiology, pathology, entomo- 
logy, and biochemistry of sugar cane with the ultimate 
aun of applyimg im the field new information which 
may be forthcoming from the basic investigations 
The main section of the Station houses the physio- 
logy, pathology, entomology, and biochemistry units 
im an air-conditioned laboratory, fully equipped with 
the facilities required to carry out the research 
programmes Adjacent to mam laboratories are dark 
rooms and a temperature-controlled hght room 
suitable for the growth of plants under controlled 
environmental conditions A library, containmg the 
pertment scientific journals, 1s located m the east 
wing of the mam building 


An agronomic programme, more applied m nature, 
will complement the fundamental studies m physio- 
logy A major effort ıs bemg directed towards the 
control of froghopper (Aeneolamea varia saccharina) 
and the other major insect pests of cane in Trinidad 
Chemical weed control, as well as new methods of 
cultivation, are also under imvestigation Physio- 
logical and biochemical studies are concerned with 
the auxin relations ın the developing cane seedling, 
from seed to flowermg In addition to the auxm 
studies, several mvestigations on muneral nutrition 
and photosynthetic efficiency will 10und out the 
physiology programme The pathology programme 
1s devoted to a thorough study of the rhizosphere 
of sugar cane, meluding a taxonomic mvestigation 
of the microflora and muerofauna residing in the 
immediate vicinity of the root system, as well as 
an analysis of the interrelationships between the 
secretions of the root system and the microbial 
population 
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THE LISTER INSTITUTE 


HE report of the Governmg Body on the work 
Ti the Lister Instıtute for 1959 describes a wide 
range of mvestigations* In the field of microbiology 
the Gumness-Lister Unit continues 1t8 exploration of 
the genetics of Salmonella bach, mainly in terms 
of the biochemistry and genie control of the synthesis 
and function of flagella, using the bacteriophages 
that infect these bacill to transduce genetic material 
fiom one kind of bacillus to another The bacterio- 
phage transduction technique has been extended to 
staphylococc: The other purely biological study con- 
cerns the cytology of certain free-hving, flagellated 
protozoa 

Studies by Institute staff mto the immunology 
and pathology of mfective diseases are concerned 
with infections by viruses, pleuropneumonia-like 
organisms, bacteria and protozoa 

The isolation of the viruses of trachoma and of 
inclusion blennorrhea has opened up a large field 
of study, both ın Gambian laboratories of the Medical 
Research Council’s Trachoma Unit, where the epi- 
demuology of trachoma is being studied, and in the 
Council’s Unit m the Department of Virology The 
ready mfection of the baboon's conjunctiva with the 
virus of inclusion blennorrheea provides an experi- 
mental model m which to study the practicability 
of prophylactic rmmunization n the related infection 
by trachoma virus in the Smallpox Vaceme Depart- 
ment, there 1s continued progress towards making 
vaceime from vacemig virus grown m tissue culture, 
as an alternative to virus harvested from the skin 
of infected sheep 

The investigation of a bacterial urethritis m man 
established a genital type of pleuropneumonia-like 
organism as a possible cause In man, however, the 
medence of antibodies to  pleuropneumonua-like 
organisms was not correlated with the presence of 
the organisms 1n the genitalia, 80 a detailed study of 
the relation of the pleuropneumonia-hke organism 
antibody response to infections by the organism 1s 
bemg made, m the first place in expermental 
infections of the rat 

The immunological study of bacterial infections 
shows further progress in identifying the two antigens 
of the whoopmg cough bacillus responsible for 
prophylactic immunization and the exclusion of the 
histamime-sensitizing antigen as bemg immunogenic 
as well as a search for immunizing somatic antigens 
in the diphtheria bacillus and an analysis of the 10t8 
toxin of Clostrudvum welch, a bacillus that may 
play an atiological part in infective hemorrhagic 
fever The study contmues of the biologically active 
substances formed when diphtheria anti-toxins are 
refined by proteolysis, and of the actual enzymic 
process of refinement 

With pathogenic protozoa, the antigenic analysis 
of Imchomonas species continues and a new field 
has been entered m an attack on the immunology 
of trypanosomiasis Soluble trypanosome antigens, 
formed durmg experimental trypanosomiasis of the 
rat, are under investigation and the ın vitro culture 
of trypanosomes 18 being attempted to provide bulk 
material for antigenic analysis of these protozoa 


* titute of Preventive Medicine Report of the Governing 
Siig io Po ‘34 (London Lister Institute of Preventive Medicine, 


1959 ) 


The refined serological methods devised to identify 
the animal source of food for blood-suckmg insects 
continues to provide valuable facts about the feeding 
habits of tsetse flies and mosquitoes m regions where 
these msects are vectors, or possible vectors, of 
disease 

Work on the relation of early tissue reactions to 
defence agaist microbial mfection continues The 
tissue response to various kinds of injury, including 
mfection, was explored to determine the role, if any, 
of the serum proteases which increase capillary 
permeability The mvestigation of early non-specific 
resistance to bacteria was extended to mfections by 
tubercle bacilli 

The biochemical researches mainly concern three 
kinds of substances—the blood group substances, the 
cellular phospholipids and starches 

During the year the problem of homogeneity of 
the blood-group specific substances isolated from 
secretions and digests of tissue has received careful 
attention and new methods of analysis have revealed 
that in the natural secretions blood specificity 1s 
associated with at least two types of mucopoly- 
saccharide molecule Progress was made in the 
separation and purification of enzymes which destroy 
the serological activity of the blood-group substances, 
and the chemical changes associated with loss of 
activity were investigated 

The phosphohpid study 1s at present directed to 
definng the constitution of tissue phospholipids 
which, although 1ll-deseribed, are known to be meta- 
bolically active The structure of one of these, 
cardiolipm, has been elucidated and work 1s proceed- 
ing on the fatty constituents of the plasmalogens and 
the polyglycerophosphates 

The plant enzymes established as responsible for 
the synthesis and degradation of starch have been 
characterized in terms of their individual actions on 
starch These enzymes were studied particularly 
in respect of ther combmed actions in systems 
thought likely to reproduce the conditions m which 
starch 1s synthesized «n vwo, and of them separate 
actions on chemically modified substrates, designed 
to yield mformation on the specificity of the 
enzymes 

On human plasma protems, the Institute's work 
is concerned with the isolation, refinement, char- 
acterization, assay and in some cases clinical trial of the 
various biologically active protems of human plasma 

Tho difficulties of specifying the potency of pre- 
parations of anti-hemophilic globulms for use in 
hemophiliacs has necessitated a re-exammation of 
modes of assay; clinical studies of the efficacy of 
the human preparation are m progress The thera- 
peutic value of y-globulm ın the treatment of hvpo- 
garama-globulinzemra is the subject of another clinical 
study Studies of the isolation of active protems 
melude that of plasmm for clmical use and the 
conditions of its activation from the precursor 
plasmmogen durmg the fractionation of serum 
as well as that of oxidase ceruloplasmin Path- 
ological studies melude investigations of the 
so-called ‘macroglobulns’ that occur m hyper- 
globuhnzmie sera and of the protems that appear 
in the urme of man and animals poisoned by heavy 
metals 
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A THEORY OF THE ABRASION OF SOLIDS SUCH AS METALS 
By J GODDARD, H. J HARKER and H WILMAN 


Applied Physical Chemistry of Surfaces Laboratory, Chemical Engineering Department, 
Imperial College of Science and Technology, London, S W 7 


BRASIVE wear 1s particularly important in 
machine bearings and gears! as well as in the 
mechanical surfaemg of metals Nevertheless, 
hitherto there has been no adequate theory to 
account quantitatively for the observed friction and 
wear of metals durmg abrasion In particular, no 
simple relation between wear and friction has been 
observed We have now observed such a clear and 
interpretable relation (see equation 1, below), and 
this has led us to develop the theory outlned below, 
which accounts well for the abrasion phenomena m 
the case of metals and similar solids, where the 
deformation ıs mamly plastic 
As the hard abrasive surface we have used emery 
papers having a mean particle diameter of 5, 10, 15, 
35, 45, 70, 100 and 150 microns (grades 0000 to 3) 
since these represent at least approximately defined 
degrees of roughness down to a fineness not easily 
obtained by machming The metals (copper, silver, 
platmum, alumimium, iron, molybdenum, tungsten) 
were blocks having about 3 cm * nommal bearmg 
area, and these were slid at about 5 cm [sec under 
loads (W) of up to 2 kgm on these emery papers 
Practically identical results were obtamed with the 
emery either dry or wet with propyl alcohol, except 
in the case of alummium, which showed negligible 
pick-up of emery when wet, but extensive pick-up 
and abnormally high friction when dry 
Figs 1 (curves a and b) and 2 show, for example 
m the case of copper and tungsten, the typical 
variation of the coefficient of friction, u, and the 
wear per umit distance, M, respectively, with the 
mean diameter D of the emery particles 
Spurr and Newcomb? made similar experiments, 
but with loadmg via a lever arm on which the 
Specimen (3/16 ın diameter rod, but probably about 
0 I em diameter of bearmg surface) was fixed, and 
under which the emery paper passed on a trolley 
Instead of the form of variation of p with D shown 
m Fig 1 (curves a and b), with ıts fall at low D toa 
value close to that for the metal shdmg on a similar 
metal surface, they concluded u mereased lmearly 
with D, the rise (~ 0 1) being due to the ploughing 
component’, p, which was assumed to be zero at 
D = 0, and proportional to D In our more general 
conditions we have used specrmens of considerable 
length (~ 2 em for curves a and b m Fig 1) m the 
Sliding direction We conclude that on the finer 
grades of emery (D small) only ın a limited front 
region of the specimen bearing face are there effective 
contacts and mdentations of the emery particles into 
the metal This region is estimated to be only 
7-0 1 em for 0000 emery, but ıt must imcrease 
(roughly proportionally) with mcreasmg diameter of 
the abrasive particles In the remammg rear part of 
the face, the metal ıs mainly ın contact with metal 
which has been worn away from the front specumen 
region and 1s almost completely clogging the emery 
in the operative bearmg areas In agreement with 
our quantitative theoretical estimations, we find the 
variation of u with D is much less (approximately 
that found by Spurr and Neweomb?) when a shorter 
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Fig 1 Lforeopper @—@,2cm specimenlength, O—O,0 18em 
specimen length , and tungsten x—x, 2 em specimen length, 
sliding on various grades of emery paper 


copper specimen (0 18 em ) 1s used, as 1n curve a’ of 
Fig 1 

We find a corresponding form of variation of M 
with D (Fig 2), also not previously described The 
data of Figs 1 and 2 also give Fig 3, mdicating an 
effectively Imear variation of M with u Since M is 
also proportional to the load W, we have 


M = kW (u — po) (1) 


where k 1s a constant (different for different metals), 
and p, 18 also a constant which we find 1s virtually 
identical with the coefficient of friction of two surfaces 
of the given metal slidmg agamst each other at 
simuar loading (Experiments m this laboratory by 
P V K Porges, J N King and P S Dobson have 
shown, however, that for the non-metals graphite, 
molyhdenum disulphide and sodium chloride, the 
M uw locus 1s curved ) 

In considermg the abrasive process theoretically, 
we conclude that if the abrasive particles were 
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Fig 3 ‘The linear variation of M with u for the copper and 
tungsten specimens x— x, tungsten, 2 kgm load, 6— 6, 
copper, 1 kgm load 


spherical, and all those contacting the metal shared 
the load equally, then u would mdeed be very small, 
the ploughmg component up being correspondingly 
small and of the order suggested by Spurr and 
Newcomb’s results (~ 0 1), but that ıt would be 
practically constant, mdependent of D We find, in 
agreement with these views, that u 19, m fact, very 
small, ~ 0 15 (and thus up still smaller), for metals 
such as copper and silver shdmg under 1-2 kgm 
load on a two-dimensional array of glass spheres of 
about 125 microns diameter (~ D for grade 2 emery) 
bonded on to a backing sheet (namely, “‘Scotchlite” 
reflective sheetmg) Correspondingly, a negligible 
wear 1s observed in this case, although shallow, 
smoothly rounded grooves are formed, and little 
wear would be expected m view of the small in- 
clination of the sphere surface to that of the metal 
near the contact, due to the low degree of indentation 
into the metal m the present conditions 

On the other hand, for metals such as copper and 
silver shding on & glass-paper or emery-paper sheet 
having this order of particle diameter (~ 125 
microns), u was high, ~ 0 8, and practically inde- 
pendent of D for values of D between 50 and 150 
microns We conclude (see below) that of this p, 
Up 18 about 0 5, much higher than Spurr and New- 
comb? suggested The wear rate was also high and 
approximately constant for D within this range 
The mdividual angular abrasive particles caused 
grooves in a smooth silver surface (sliding under 
1 kgm load) largely by removal of more or less 
curved, waved or coiled strips of metal of length up 
to about ten times the groove width (which was 
~ 1/3-1/7 of D) These metal strips were often 
observed still mtegral with the metal at the front 
ends of the grooves The high p and M that we 
observe in this range of D is thus evidently due to 
the emery (or glass) particles bemg mostly angular 
(as can be seen in the microscope) and not spherical 

Theoretically, if n pyramidal or conical particles 
share the load W equally and are indented mto the 
metal surface with their axes along the direction of 
the loading, then the sum of the areas of contact 
(between the particles and the metal) projected on 
to the plane normal to the loading direction must 
be constant and equal to W/pm, where p, is the 
maximum flow pressure of the metal Thus, n ıs- 
determmed by W and Pm, together with 0, the angle 
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between the pyramid axis and one of the radial 
edges For square pyramids, azimuthally randomly 
oriented, we find that 


L = up + ga = (2/0) [2(p'm/pm) cot 0 + 
(8/Pm) (2 cosec? 0 — 1)2] 
and for equilateral triangular pyramids 


== Up + Us = (2/7) [2 25(p'm/pm)cot 0 + 
1 473 (s/pm) (1 333 cosec? 6 — 1)3] 


while for conical particles 


= Ep + Ha = (2/7) [(P'm/Pm) cot 0 + 
(/Pm) cosec 0] 


(2) 


(3) 


(4) 
where ug 1$ the adhesion- or shear-component of p, 
sig the tangential force required to shear unit area 
at the operative surface where shear occurs, and p^g 
is the apparent Pm for forward ploughing against an 
increased pile-up of metal ahead of the moving 
particle We conclude that s/Pm 1s about 0 3, that 1s, 
about equal to the coefficient of friction of the metal 
(oxide) on the metal (oxide), that 1s, uo Although 
f'm > Pm, We can take these as approximately equal 

To account for the observed maximum p ~ 0 55 
for tungsten (seo Fig 1), the mean 0 would thus have 
to be about 70° for square pyramidal particles 
(26 = 140°, mmimum profile angle 125°) giving 
up = 033, 75° for triangular pyramidal particles 
(mm profile angle 137°) givmg up = 037, and 
62° for cones (profile angle 124?) giving ug = 0 33 
This corresponds well to the sort of obtuse angularity 
of the particles mostly seen m the microscope ‘This 
theory thus accounts well for the observed u, which 1s 
much larger than for the case of the more shallowly 
mdenting spheres, which approximate to cones of 
nearly 180° angle, that 1s, 6 ~ 90° 

The constant value of u observed at D> 70 
microns appears, m general, to be smaller the harder 
the metal, for example, ~ 0 78 for copper, nickel, 
silver and gold, 0 65 for platinum, ~ 0 6 for molyb- 
denum, chromium, iron, berylhum, and ~ 0 55 for 
tungsten This variation is partly associated with 
the differmg values of s/pm (this variation 1s appar- 
ently small), but 1t appears to be mainly due to the 
ratio p’m/Pm varying from 1 for the hard metals such 
as tungsten to ~ 1 5 for the softer metals such as 
copper, silver and tin 

The above model could be made more general by 
including the case of pyramids or cones havmg their 
axes inclined away from the direction of loading, but 
this would stil be only an idealized approximation 
to the extremely complex actual case of irregularly 
shaped abrasive particles Our model shows, how- 
ever, that in the absence of clogging, u 18 independent 
of the particle size of the abrasive, and that pp forms 
the major part of the observed total u 

Now considering the wear rate, M, suppose a part, 
JW (where 0 — f < 1), of the load W 1s supported on 
n identical emery particles, and the remaiming load 
(1 -- f) W ıs supported on metal-to-metal contacts 
Let A, be the groove cross-sectional area (normal to 
the direction of sliding) A, bemg the equivalent 
part of this area corresponding to metal removed 
from the groove space but finally remaining on the 
specimen (for example, as the pair of piled-up ridges 
at the sides of the groove, and also as re-adhermg 
wear particles) Then we conclude that 


M = (Welpw) « (1 —(4 0/4} Up 
-= (Welp'u) « (1— (A444) 
[1 + (6 — &0/up) (& — Ho)] 


(8) 


(6) 


4 
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where p 1s the density of the metal, Pm 18 the maximum 
flow pressure across 4, to cause ploughmg, and « 1s 
the fraction of the emery particles shaped and 
oriented favourably for producmg wear particles 
Comparmg the observed linear form, Fig 3 and 
equation (1), with this theoretical relation (6), shows 
that 4,4, is independent of the emery particle 
diameter Using an equation such as (2), (3) or (4) 
to express up m terms of 6, equation (5) gives M 
directly ın terms of 0 and the properties of the metal, 
that is, p, p/m, Pm, etc 

Since M = ang(A, — Ao), and nA, = fW [pa we 
may write as an alternative to equation (5) a more 
direct expression of M m terms of the properties of 
the metal 


Mip = « K(fWipm) (1 — (4441) — (7) 
= C (fW/Hp) {1 — (4441) (8) 


where K is & constant defined as A, divided by the 
horizontal component A, (that ıs, normal to the 
direction of loadmg) of the mean contact area per 
particle supporting the load durmg sliding—thus K 
depends on the shape of the particles, Hp 1s the 
diamond-pyramid indentation hardness number of 
the 1mmediate surface region (which 1s very heavily 
work-hardened by the ploughmg action of the 
abrasive particles), and C 1s a constant Equation (8) 
shows that if 4,/A4, ıs the same for all metals, at 
constant W, then 


(Mle) Zp = constant (9) 


Our results ın Table 1 give an approximate check on 
the constancy of A,/A, for various metals, using 
equation (7) to calculate Mp,/eW = «K {1 — 
(A,/A,)}, takmg f= 1 and Pm = three times the 
ultimate tensile strength for the metal m a heavily 
work-hardened state (cf pm ~ 90 kgm [mm ? for 
copper) It 1s seen that aK (1 — (A 9/ A1) 18 of the 
same order for copper, silver, platinum and mon 
The small differences are probably due to the uncer- 
tainty of the value of Pm applicable to the work- 
hardened surface layer, and the more widely differing 
results for aluminium, molybdenum and tungsten 
seem hkely to be mamly due to this uncertamty m 
Pm Further circumstantial evidence of the con- 
stancy of A,/A, for all pure metals 1s given by our 
interpretation of the results of Kruschov! (see below) 
The constant K depends on the shape of the abrasive 
particles and 1s ~ 0 51m our case where 0 ~ 60 — 70° y 
and 0 5 < « — 1 from direct observation, and by 
consideration of the experimental M l(u. — uo) values 


NATURE 














835 
Table 1 

Metal* Ww Mo Fe Cu Ag Pt Al 
Density (p) 19 9 79 S9 105 213 27 
gm jem 
Ultimate tengile 
strengtht 
kgm /mm * 420 280 37 34 91 34 15 
Mf = 1) gm jem 
uh x eed 22 30 13: 321 98 125 608 
MpnlpW = aK 
(1—(A44A4)) |007 014 002 004 004 008 005 








* Measured Vickers hardnesses (kgm /mm £?) were Ww, 456, 
Mo, 242, Fe, 100, Cu, 98, Ag, 78, Pt, 118, Al, 27 

f Data from “Handbook of Chemistry and Physics", 39th edn A 
pp 2002 ff (Chemical Rubber Publishing Co Cleveland, Ohio, 1957-58), 
Pm 18 taken as ~ 8 x UTS 

I Results using 1 kgm load, all others at 2 kgm 

§ Data using emery paper flooded with propyl alcohol, all other 
data for dry emery paper 


mn the hght of equation (6) The values of Mp,,/oW 
in Table 1 thus mdicate that 4,/A, > 85 per cent 
Khruschov* showed expermentally that for all 
metals in the annealed state (of hardness H DA); 
sliding on the same grade of abrasive cloth (corundum 
particles ~ 80u diameter) under the same load, the 
volume of wear per unit length, M/p 1n our notation, 
1s proportional to I/Hp, He further observed, 
however, for various metals that JM is actually 
practically independent of the degree of work- 
hardenmg of the mitial metal, and as he concluded, 
this shows that the process of abrasion work-hardens 
the surface region of the metal (which undergoes 
further abrasive wear) to about the maximum 
possible extent, though this maximum hardness, 
(Hp)max , was not defined Our theoretical result (8), 
that (for not too small distances of abrasion) M/p 
should be proportional to the reciprocal of this hard- 
ness of the abraded surface, can be considered as 
showing, in conjunction with Khruschov's observa- 
tion of Mp oc 1/1 p 4), that this (H p)may 1s practically 
proportional to (H 54) for all pure metals, the factor 
A )|A, bemg also the same for all pure metals 
The work described has been carried out under 
the terms of the extra-departmental contract between 
the Mechanical Engineering Research Laboratory of 
the Department of Scientific and Industrial Research 
and the Imperial College of Science and Technology, 
University of London 
* Piggott, M R , and Wilman, H , Paper 18, Conference on Lubrication 
and Wear, Inst Mech Eng , London, October 1957 
3 Spurr, R T , and Newcomb, T P , Paper 28, Conference on Lubri- 
cation and Wear, Inst Mech Eng, London, October 1957 
> Bowden, F P , and Tabor, D , “The Friction and Lubrication of 
Solids", 2nd edn (Clarendon Press, Oxford, 1954) 
* Khruschov, M M , Paper 46, Conference on Lubrication and Wear» 
Inst Mech Eng , London, October 1957 


A CAPACITANCE METHOD FOR FOLLOWING VINYL 
POLYMERIZATIONS INITIATED BY y-RAYS 


By G J K ACRES and F. L. DALTON 


Isotope Research Division, Wantage Radiation Laboratories, U K Atomic Energy Authority 


Dx has long been accepted as the 
most satisfactory method of following the course 
of vinyl polymerization The change m volume as 
the monomer polymerizes is measured by following 
the fall m the level of the monomer m a eapillary tube 
using a cathetometer Direct optical measurement is 


impossible when radiation 1s used for initiation, and 
although the use of a mirror system 1s sometimes 
feasible, parallax errors tend to reduce the accuracy 
of the method Also, since polymerization reactions 
often require several hours for ther completion, a 
continuous recording method ıs clearly desirable 
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A dilatometer m which the capillary is filled with 
mereury was developed by Sehultz and Harborth! 
to obviate difficulties 1m following the movement of 
the surface of highly viscous fluids, and later modified 
by Burnett for use under high vacuum? , we have 
adapted this dilatometer by using the falling-mercury 
column as one plate of a condenser, the other plate 
bemg a sheathed metal rod parallel to the capillary 
Polymenzation 1s followed by measuring the change 
in the capacity of this condenser using a commercially 
available capacitance bridge and feeding the output 
signal to a recorder The equipment has been 
designed for use with the radiation sources at Wantage 
Radiation Laboratory these have been described 
im detail by Dove, Murray and Roberts? 

The sample 18 prepared m a breaker-seal tube under 
high-vacuum conditions and sealed off Above the 
breaker seal a B 7 socket 1s attached and the sample 
may be connected to the body of the dilatometer by 
means of thus joint as shown ın Fig 1 The bore of 
tap 7’, 1s filled with mercury, and with T', open and 
T, closed the apparatus 1s connected to the high- 
vacuum line and evacuated via the B17 cone A 
Reservoir R, 1s filled with mercury and tap T, closed 
T. 1s then partly opened and the mercury in R, 
allowed to spray slowly into reservoir R, This 
procedure was found to ‘flash off’ any small quantities 
of air trapped ın the mercury After the mercury has 
run into E, T, 18 opened cautiously and the mercury 
allowed to flow into the dilatometer until 16 reaches 
the level B The seal ıs broken by an upward move- 
ment of the breaker C , T, re-opened and mercury 
allowed to fill the entire vessel Ar 1s allowed mto 
the system above A, the reaction vessel removed 
from the high-vacuum Ime and reservoir R, detached 
A eapillary tube of appropriate diameter fitted with 
a B 7 socket and with an earthmg connexion sealed 
through ıt 1s held by two short lengths of rubber 
tubing agamst a 4-m_ steel rod covered m polythene 
The polythene shield prevents fluctuations due to 
surface adsorption of water vapour by the capillary 
tube The steel rod has a small metal plate attached 
to one end for connexion to the capacitance 
bridge 


Ry 


Ti 





Fig.1. Diagram of dilatometer 
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The capillary and fittings are shown in Fig 2 
This capillary 18 connected by means of its B7 
socket to ÁA picem wax is used to seal the jomt 
By applymg compressed air pressure above R, and 
opening T,, mercury is forced through A into the 
capillary tube T, ıs then closed and the whole 
apparatus immersed in a water thermostat m the 
radiation source 

It was found essential that the measuring capillary 
should be above the surface of the thermostat water, 
since otherwise a balance of the proximity meter 


“could not be obtamed, also, smce stabihzed glass 


tanks were not available, 16 was an advantage to have 
the capillary above the level of the thermostat tank 
so that the mitial and final mercury-level could be 
accurately measured with a cathetometer 


TO CAPACITANCE BRIDGE 





Fig 2 


Capillary and electrode 


Fig 3 shows the dilatometer m position The 
capacitance bridge used was a Fielden PM 2 proximity 
meter (Fielden Electronics, Ltd, Wythenshawe, 
Manchester) This mstrument offsets the large 
constant capacity of the system and measures only 
changes ın capacity Simce the length of the probe 
is only 6 ft the meter remams inside the radiation 
cell and is shielded by conventional mterlockmg 
4-m lead bricks The sensitivity may be changed 
durmg the run if the fine sensitivity control 1s 
removed from the instrument case and mounted 
outside the cell This enables the first few per cent 
of reaction to be followed 1n detail at high sensitivity , 
if the sensitivity 18 then lowered an overall conversion 
curve may be obtained from the same sample To 
enable the proximity meter to be attached to a 
recorder, a 10-ohm resistance was put m series with 
the l-mamp meter of the mstrument and the 
voltage drop across this resistor fed to a Sunvic 
single-pen 10-mullivolt recorder, clearly other values 
of this resistance may be chosen to suit any available 
mullivolt recorder To obtain stable readings of the 
recorder ıt was found essential to earth the mercury 
and this was done by connecting H (Fig 2) to the 
earth of the mams Earthmg of the thermostat tank, 
clamps and any other metal near the apparatus was 
found to be necessary A series of calibration graphs 
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were made for various settings of the sensitivity 
control and various capillary diameters The 
dependence on sensitivity settmg for a 1l-mm 
capillary 1s shown in Fig 4 The use of narrower 
capillaries tends to lower the sensitivity of the equip- 
ment shghtly In practice, initial and final mercury- 
levels were measured with a cathetometer m order to 
avoid any slight errors 1n the sensitivity setting 

At Wantage the apparatus has been used to follow 
the emulsion polymerization of styrene and methyl- 
methacrylate, and the preparation m emulsion of 
graft co-polymers of polystyrene and methylmetha- 
crylate and poly-methylmethacrylate and styrene. 
It has also been used to follow the bulk polymerization 
of acrylonitrile and the graft polymerization initiated 
by gamma-rays of acrylonitrile on to poly-dimethyl- 
siloxanes In use, the followmg precautions have 
been found necessary 

(1) A stable power supply ıs required, and ıb 1s 
therefore advisable to supply the proximity meter 
from a voltage stabilizer Mams fluctuations at 


WATER LEVEL 





Fig 3 ‘The dilatometer in position 
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Recorder reading (divisions) 








Contraction (cm ) 
Calibration plot for 1 mm capillary 


Fig 4 


Wantage are exceptional, however, and this precaution 
may not be generally necessary (2) The proxmnty 
meter should be allowed at least 30 mm to warm up 
before each polymerization run (3) It ıs essential 
to earth the mercury, the thermostat tank, source 
tube and other metal equipment near the capillary, 
to the mstrument earth 

The equipment has been used to measure contrac- 
tions 0 6-30 cm im capillaries the diameters of which 
range from 2mm to 0 5mm The lmit of 0 6cm 1s 
imposed by the maximum sensitivity of the proximity 
meter Contractions greater than 30cm have not been 
used ın order to keep the size of the capillary small, 
and for contractions greater or less than these values 
for any given capillary, change m capillary diameter 
was used The limit of this process, so far as small 
contractions are concerned, appears to be the stability 
of the thermostat tank, smce 1f the capillary 1s made 
too narrow, fluctuations due to the shght rie and 
fall m temperature of the tank, amounting to perhaps 
0 Olor0 02deg C,areobserved Greater sensitivity 
may also be obtained by increasing the diameter of 
the steel rod (Fig 2) 
1 Schultz, G V , and Harborth, G , Angew Chem , 59, 90 (1947) 

Burnett, G M, Trans Farad Soc , 48, 772 (1950) 

3 Dove, D , Murray, G S ‚and Roberts,R ,U N E 8 C O International 


Conference on Radiation in Scientific Research, Unesco/N 8 / 
RIOC/9 


PRODUCTION OF COLICINE BY SINGLE BACTERIA 
By H OZEKI, DR B A. D STOCKER and HELENE DE MARGERIE 


Guinness-Lister Research Unit, Lister Institute of Preventive Medicine, 
London, SW I 


OLICINES are bactericidal substances produced 

by certam strams of Enterobacteriaceae and 
active on others! Colicmes in many respects 
resemble bacteriophages , but, unlike them, do not 
multiply ın the cells they kill a single particle or 
molecule of colicine therefore does not produce a 
‘colony’ (plaque) ın the confluent growth of a sensi- 
tive strain, as does a single phage particle From the 
analogy with the produciion of phage by lysogenic 
strams ıt has been surmised that all the colicme 
produced by a colicinogenic culture, either spontane- 


ously or after ‘mduction’ by ultra-violet irradiation, 
is synthesized and released by a fraction of the 
bacterial population, and that these cells are m con- 
sequence non-viable No direct test of this hypothesis 
has been possible because colicine production has 
hitherto been tested only by observation on the 
antibiotic activity of mass cultures We have now 
demonstrated the release of colicme by individual 
bacteria. (1) through the production by single 
bacteria of small clear spots m the confluent growth 
of a colicme-sensitive strain, (2) by the bactericidal 
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action of products released mto muero-drops of 
broth by single colicimogenic bacteria isolated by 
micro-mampulator The results obtamed by these 
techniques support the above hypothesis 

The coliemogenic strains used were derivatives of 
Salmonella typhimurium stram LT2 made coliemo- 
genic by growth in mixed culture with colicmogenic 
Escherichia colt or Shigella strams!, or by phage- 
mediated transduction? The colicine-sensitive mdi- 
cator strams were Æ cole stram q? and antibiotic- 
resistant mutants derived from ıt 

To demonstrate the clear spots caused by the 
colicme released by single bacteria we used a modifica- 
tion of the soft agar layer method used 1n phage work 
3 ml of soft agar (0 35 per cent) seeded with about 
108 cells of the mdicator stram and about 104 cells 
of a young broth culture of S typhymurvum producing 
eolicme 424 were poured on to a nutrient agar plate , 
after 5 hr mceubation at 37° about 100 small clear 
spots, 0 2-0 8 mm im diameter, were visible m the 
confluent growth of the indicator stram No such 
spots were produced by cells of a non-eoheinogenic 
Salmonella strain, nor with an indicator stram 
resistant to colicines of the E group Colicme E2 
is destroyed by trypsin, crystaline trypsin (200 
ugm [ml ) in the soft agar prevented the appearance 
of clearmgs Although the spots looked hike phage 
plaques, no lysis was observed when they were 
cut out and tested on a fresh plate of mdicator 
bacteria 

It thus appeared that the clear spots resulted from 
the production of colicme £2, either by the colicmo- 
genic bacteria moculated, or, perhaps, by their 
descendants The following results show that a clear 
spot can be produced by the colicine synthesized and 
liberated by a smgle bacterium 

Colicmogenic bacteria when plated with a strepto- 
mycin-resistant indieator in soft agar contammg 
sufficient streptomycin to prevent ther growth still 
produced some clear spots. Similar results were 
obtained with chloramphenicol Furthermore, some 
clear spots were produced even when the cohemogenie 
cells had been killed by treatment with chloroform 
for 5 min at 37° before moculation The number of 
clear spots produced m the presence or absence of 
streptomycin was directly proportional (about 
l per cent) to the number of cells of the colicogenic 
Stram incorporated into the soft agar layer Blendor 
treatment, sufficient to break up any cell clumps, 
apphed to the cohermogenie culture just before its 
inoculation into the soft agar, did not affect the num- 
ber of clear spots produced The number of clear 
spots appearing in the presence of streptomycm was 
10- to 100-fold less than without ıt, this suggests 
that most of the clear spots formed ın the absence of 
streptomycin are produced by bacteria which synthe- 
size colicme on the plate, but that there are a few 
cells m the culture each of which at the time of 
plating already contams enough colicme to produce 
a clearing 

Clear spots were produced, either in the presence 
or absence of streptomyem, even when the coliemo- 
genic cells had been grown in broth contammg 
trypsin, “provided the trypsm was removed by 
washing, or neutralized by soy-bean trypsin mhibitor, 
at the time of plating As all free colicine in the 
inoculum culture was destroyed by the trypsm, the 
coheme causing a clear spot cannot have been 
adsorbed from solution by a cell of the moculum 
culture, and released later, a hypothesis proposed by 
Frédéneq to explain the small plaque-hke clearmgs 
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he observed when dilutions of a colicinogenie culture 
kalled with chloroform were plated with a colicine- 
sensitive mdicator stram, it now seems probable 
that these clearmgs, like those here reported, resulted 
from production of colicine by single bacteria 

In certain colicinogenie strains, colicme production 
1s inducible by ultra-violet irradiation! The number 
of clear spots produced by’a strain coheimogenie for 
E2 was much increased by irradiation before plating , 
1f cells irradiated for a time which reduced the viable 
count by about 70 per cent were plated in a strepto- 
mycin. soft-agar layer 90 mm later, the number of 
clear spots which appeared was half or more of the 
total number of colicmogenic bacteria moculated, 
determined in a counting chamber 

We propose the term ‘lacuna’ for the clear spots 
produced by the colicme released by a single bacter- 
ium, in distmetion from a phage ‘plaque’ The 
soft agar of an area 0 8 mm m diameter contains 
about 6,500 colcine-sensitive bacteria at the time of 
inoculation , the presence of lacune of this size 
indicates that some colicinogenie bacteria liberate 
at least 6,500 bactericidal particles of colicme #2 

The production of colicme by mdividual bacteria 
has also been demonstrated by micromanipulative 
isolation Cells of the colicme-sensitive indicator 
strain grew as non-motile filaments, easily distin- 
guishable from the short motile cells of Salmonella 
typhemurvum Cells of the mdicator stram moculated 
mto droplets of broth eontamung colicme £2 failed 
to multiply, and became abnormal m appearance, 
showmg alternate bright and dım segments when 
examined by low-power dark-ground microscopy , 
cells of a coheine-E2-resistant mutant of the mdieator 
stram multiphed normally in such droplets To test 
the production of colieme by mdividual bacteria, a 
stran of S typhimurium colicmogenie for colicine 
E2 was ‘induced’ by ultra-violet ight and incubated 
for 30 mun at 37° in broth, contaming trypsin 
(500 ugm /ml1) to mactivate extra-cellular colicine 
The irradiated cell suspension was then introduced 
into a micromanipulation chamber, and each of a 
series of droplets of broth with trypsm inhibitor 
2 mgm [ml was inoculated with a smgle bacterium 
from the suspension , volumes of the suspension not 
contaimung any cells were added to control droplets 
2hr later the colicmogenic bacterrum had multiplied 
m about 20 per cent of the droplets , m the remainder 
it had not multiphed but was still visible The 
proportion of smgle bacteria able to multiply m the 
miero-drops agreed well with the survival-rate of the 
irradiated suspension inferred from the ratio of 
viable and total counts Three to twenty cells of 
the indicator stram. were then added to each droplet 
In about 60 per cent of the droplets m which the 
eolemogenie bacterium had failed to multiply the 
indicator bacteria, added later did not multiply and 
instead developed the characteristic abnormal 
appearance In the remainmg 40 per cent the indica- 
tor bacteria multiplied normally, as they did also m 
the control droplets which had recerved medium, 
but no bacterium, from the suspension of irradiated 
colicinogenic bacteria In droplets in which the 
colicmogenic bacterium had multiphed, the indicator 
bacteria at first multiphed, showmg absence of 
colicine, but later ceased to grow, presumably as a 
result of colicine bemg released by one or more of 
the large population of colicmogenic bacteria then 
present About 50 per cent of the individual bacteria 
tested were shown by this method to release colieme , 
in platmgs from the same irradiated suspension the 
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ratio of the number of clear spots to the total number 
of bacteria was about 6 10 

The micromanipulation experiments described 
above indicated that all or nearly all the cells of an 
irradiated culture which release cohcme W2 are 
non-viable To see whether this was also so for the 
spontaneous production of colicine #2, about 1,000 
cells of a chloramphenicol-sensitive colicmogenic 
strain were plated in a soft agar layer of a defined 
medium conteimng chloramphenicol, together with a 
chloramphenicol-resistant indicator stram , the latter 
was nutritionally exacting, so that ıt could multiply 
to only a small extent m the defined medium provided 
After 5 hr incubation, twelve lacune were visible 
in the thin confluent growth of the mdicator After 
overnight cubation about 1,000 small colonies of 
the nutritionally less exactmg colemogenic stram 
appeared, the chloramphenicol concentration having 
fallen, by diffusion into the base layer of agar, below 
the level required to inhibit its growth No colonies 
developed at the centres of the twelve lacune marked 
earher It is concluded that the bacteria which 
produced these clearmgs by releasing colcme were 
unable to multiply 
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The production of lacune has been used for a 
number of other mvestigations which will be reported 
in detail elsewhere Salmonella typlwmurvum. strains 
producing colicines I, B, K and El produce lacune, 
of sizes about the same as with colicme #2 When 
overnight broth cultures were tested m soft agar 
contaimnmg streptomycin the numbers of lacunz 
produced per million bacteria plated were approxim- 
ately  colieme Z2, 1,000, 7,0 2, B,200, K, 300, 
and #1, 1,000 The ratio varied in cultures of 
different ages, for example, ıb increased 10-fold 
when an overnight culture of a stram produemg 
coheme #2 was diluted in broth and moeubated for 
l hr at 37° After ultra-violet irradiation the 
fraction of bacteria producmg lacune mereased to 
about 0 5 m straims producing colicmes Z1 and E2 , no 
increase was detected m a stram producing colieme I 

We thank Prof P Frédéricq for the provision of 
eoliemnogenie strams 


!Frédéneq, P , Ann Rev Microbiol , 11, 7 (1957) 

* Ozeki, H , and Stocker, B A D , Heredity, 12, 525 (1958) (abstract) 
* Gratia, A, CR Soc Bol , 98, 1040 (1925) 

* Frédérieq, P, C R Soe Biol , 150, 1514 (1956) 

* Frédéricq, P , C R Soc Brol , 144, 730 (1950) 


PERMANENT SET, SUPERCONTRACTION, AND UREA-BISULPHITE 
SOLUBILITY—THE PROTON-TRANSFER NATURE OF SOME 
CHANGES IN KERATIN AND THE ANALOGY 
WITH MUSCLE CONTRACTION 


By Da P T SPEAKMAN 


Department of Textile Industries, University of Leeds 


URING the reaction of cystine residues ın keratin 
with OH- ions, sodium bisulphite, eto, the 
proportion of 


| _ d + 
ur aS (2 to -0— SUE (II) 


contributing to the resonance hybrid of the peptide 
groups hydrogen-bonded to each other ın the protem 
network, and eventually to a carbonyl oxygen atom 
of the cystine residue, can alter An increase in the 
proportion of II (that 1s, an increase m the negative 
charge on the oxygen atom) will affect the strength 
of the hydrogen bonds between peptide groups 
electrostatically , also, ıt can be shown that an 
increase in the strength of the individual hydrogen 
bonds will follow as more peptide groups are attracted 
into the co-operating, hydrogen-bonded system The 
stability of permanently set keratm, and of keratin 
treated with alkali with a decreased solubility ın 
urea-bisulphite solutions, seems likely to be caused 
by an increase in the strength of the hydrogen bonds 
between protem chains, caused in this way The 
analogy between muscle contraction and super- 
contraction of keratin suggests a mechanism of 
contraction of muscles contamung sulphur in which 
disorientation and contraction of the muscle follows 
a weakening of the hydrogen bonds between peptide 
groups by reagents which react with sulphydryl 
groups Re-orentation of the muscle would follow 
an increase 1n the charge on the oxygen atoms of the 
peptide groups during the reverse reaction 


In some early expermnents on permanent set!, a 
keratin fibre was extended m water and treated under 
tension with, for example, steam, boiling buffer 
solutions, or sodium sulphite solution The treated 
fibre was immersed without tension for an arbitrary 
period (1 hr ) ın boilmg water, and 1f the fibre was to 
some extent stabilized m its extended form and its 
length remamed greater than the initial length then 
ib was said to be permanently set, if ıt was less, 
supercontraction had occurred ^ Cross-hmkages 
between the keratm chams are broken by the treat- 
ments, thus allowmg the chams to rearrange in the 
stretched fibres If no new cross-lmkages are formed 
then a change in the arrangement of the uncross- 
Inked protem chains after immersion in boiling water 
causes supercontraction If new cross-hnkages are 
formed ın the treatments, then the chains are to some 
extent held m their positions ın the extended fibre, 
thus causing permanent set A chemical treatment 
which decreases the solubility of keratm ın urea- 
bisulphite solutions? 1s similarly most plausibly 
explaimed by new, resistant linkages between protem 
chams 

Breaking of cystine disulphide bonds 1s an essential 
pielimmary to permanent set m wool, but work m 
Australa on fibres contammg reduced and alkylated 
cystme residues?, and on the birefringence and con- 
traction in lithium bromude solutions of set fibres‘, 
shows that 1t 1s an over-sumplification to suggest that 
permanent set 1s entirely due to new covalent cross- 
linkages formed after reduction or hydrolysis of the 
cystine residues Two cross-linkages which have been 
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directly confirmed ın set fibres are 
lanthionine, thioether Imkages, and re- 
formed cystine lmkages, but these are | 
not sufficient to account for the stability | 
of permanently set fibres Some set 
remains after the fibres are treated with- 
out tension m boiling 5 per cent sodium 
pisulphite solution which will break 
re-formed cystine linkages, and Kessler 
and Zahn5 pomt out that lanthionme 
derivatives are scarcely more stable than 
cystine towards the plumbrte test for 
sulphur m acid or alkah, for example 
Lanthionine derivatives are also unstable 
1n the urea-bisulphite reagent 

The decreased solubility of alkal- 
treated wool m urea-bisulphite solutions | 
cannot be explamed by the formation of 
lanthionme cross-linkages or any other | 
hnkages derived wholly or m part from 
cystine, because ıt has been shown by 
Lees and Elsworth? and by Kessler and 
Zahn’ that large changes in urea-bisul- 
phite solubility occur before any change 
1n the cystine content of the wool 

The work of Swan? with «, «’-dimethyl- 
eystme has shown that the first step m. 
the alkalne hydrolysis of cystme 1s 
probably the ionization of a proton from 
an a-carbon atom 
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The negative charge on the cystine molecules will be 
divided between the «-carbon atom and the carbonyl 
oxygen atom, where rt 18 inherently more stable, m à 
resonance hybrid 
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If now the cystine residue is considered as part of 
a hydrogen-bonded protem network then the m- 
creased negative charge on the carbonyl oxygen atom 
following alkali treatment will induce a greater 
separation of charge on the co-operatmg, hydrogen- 
bonded peptide groups If proton transfer takes 
place between neighbourmg peptide groups, these 
will change from the predominantly keto or lactam 
form to & predominantly enol or lactim form 
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Fig 1 


X-ray diffraction photographs show that an 
extended keratin fibre, treated with a setting reagent 
such as steam or boring alkalme buffer solutions 
which will hydrolyse cystine residues, 1s set m the f, 
extended-chain, form, whereas an extended but 
untreated fibre returns slowly m water to the original 
«-heheal form It ıs tempting, therefore, to suggest 
that in unset B-keratmn the main protem-chain pep- 
tide groups are m the keto form, —CO—NH—, and 
1n set @-keratin they are in the enol form, —C(OH) = 
N—, and that the hydrogen bonds in the enol form 
are stronger since set B-kerat:m ıs more stable The 
evidence for and against this theory follows 

Huidence m favour (1) Only small shifts in the 
infra-red absorption frequency at the hydrogen- 
bonded NH stretching frequency of approximately 
3,300 em -' are observed when set f-keratm 15 com- 
pared with «-keratm or other $-keratins’, but 3,300 
em -! is well within the range of OH. stretching fre- 
quencies? when they are hydrogen-bonded thus 
O—H N Badger and Bauer? have pomted out 
that the difference in the frequency between the 
hydrogen-bonded and non-hydrogen-bonded OH 
stretchmg vibrations is related to the energy of the 
hydrogen bond The difference between the non- 
hydrogen-bonded OH frequency (3 700 cm-t) and 
3,300 cm? would indieate a fairly strong hydrogen 
bond which might account for the greater stability 
of set B-keratin compared with unset B-keratin 
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(2) The bond-angles and bond-lengths of Paulmg's 
model of B-keratin!! are deduced from the lengths 
and angles ın amıno-acıd and simple peptide crystals 
These are in the keto form, but ıt might be equally 
possible to construct a model of 8-keratm which would 
be compatible with the observed X-ray spacings fiom 
the dimensions and angles of the enol forms of peptides 
were these available In the absence, an approx- 
imate calculation can be made from Pauling’s keto 
model In this model the CN bonds are inclined at an 
angle of 25° to the direction of the protem cham 
and have 40 per cent double-bond character If 
60-70 per cent double-bond character ıs assumed in 
the enol form, this ımples a bond 0 03-0 04 A 
shorter m length, so that the protem cham must 
shorten approximately 0 035 cos 25° A for each 
peptide unt = 0 032A The variation in length 
which would be caused by a change from keto to 
enol form might just be detectable experimentally 
assuming, as 1s likely, that no great change ın bond- 
angles occurs and that the nitrogen atom remains 
sp? hybridized 

Evidence agawst (1) Like the infra-red absorption 
at 3,300 em -!, the absorptions at 1,650 cm~! and 
1,550 cm-! show only small shifts (25-30 cm -!) 
when set $-keratm ıs compared with «-keratin and 
other B-keratans Fraser and Price!!, usmg Pauling’s 
fractional bond orders, attribute the 1,650 cm -! 
absorption to an mteraction between CO and CN 
frequencies The absorption at 1,550 em- is 
N—C 

\ mode 

O 

and an NH bendmg frequency By choosmg the 
appropriate CO and CN bond orders ıt might be 
possible to devise an enolic NCO group to account 
for the 1,650 em — absorption, but ıt would seem to 
be stretchmg comeidence to suggest that one of the 
modes of the new NCO group would couple with an 
OH. bending frequency to account for the 1,550 em -* 
absorption 

(2) A change from keto to enol form of the peptide 
groups would alter the length of the CO bond, and a 
further comcidence would be required since the pro- 
tem backbone spacing m the B-form, which 18 related 
to the length of the mtercham hydrogen bonds, 
NH .OCorN HOC, does not alter 

(3) Lastly, Huckel!? pomts out that the enolic 
forms of ketones are well known and that the keto/enol 
ratios can often be determmed experimentally, 
but that no case ıs known where the enol or lactam 
form of an amide, RC(OH) = NR’, can be estimated 
or even shown unequivocally to exist Theoretical 
reasons are adduced to explain this ın keto-enol 
tautomerism no movement of electrons can 
occur without proton transfer, m lactam-lactun 
tautomerism electrons can move 1n the group without 
proton transfer because of the lone pair on the nitro- 
gen atom It may be that there is no energy barrier 
between the two forms so that the less stable form 
cannot exist Work on other hydrogen bonds has 
shown, for example, that the activation energy of the 
change O—H. 0—0 H—O ean be small or 
non-existent!? 

Thus, the possibihty that in set Q-keratin the 
peptide groups are 1n the enol form must be rejected 
Nevertheless, when cystine residues are 1n equilibrium 
with alkalne solution each must spend some fraction 
of rts time m the 10nized form before the dissociation 
postulated by Swan? takes place to an «-ammoacrylic 
acid residue and -SSCH,CHCONH-— If the 


attributed to a coupling between an 
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carbonyl oxygen atom of an ionized cystine residue 
18 part of a hydrogen-bonded network its mcreased 
negative charge will have two effects, these are 
related to the bond-breaking and bond re-formation 
reactions in the origmal theories of supercontraction 
and permanent set 

(1) An merease in the negative charge on the 
carbonyl oxygen atom of a cystine residue will mduce 
a greater separation of charge m a peptide group 
hydrogen-bonded to 1t, creasing the positive charge 
on the nitrogen atom and the negative charge on the 
oxygen atom Similar charges will be induced im a 
second peptide group hydrogen-bonded to the first, 
and so on 


Pied + | 
O=C-_N-H 0=C 
8— — 84 ò 


Fig 2 


It 1s umpossible to say from theoretical considerations 
whether these changes will increase or decrease the 
strength of the hydrogen bonds’, but m the reactions 
of keratin considered here the hydrogen bonds appear 
to be weakened 

(2) An induced, mereased negative charge on the 
ultimate peptide carbonyl oxygen atom will attract 
further peptide groups mto the hydrogen-bonded 
series of peptide groups which, m .-keratm, runs at 
right angles to the protem chams (Fig 1) and, m 
«-keratin, down the helices (Fig 3) Thus. with the 
aid of kmetic energy from the settmg solutions, 
further peptide groups will be oriented into the 
a-helix of unextended keratin or the parallel chams of 
extended B-keratmm An mcrease m the proportion of 
amino-acid residues imn «-helices has been shown to 
increase the optical rotation of a protem, so that the 
effect may be detectable usmg thm films sectioned 


from treated, unextended keratin fibres When 
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Fig 3 Diagram of the a-helical form of keratin (1n the helix X 
1s Joined to X^, Y to Y^, ete ) showiag how three cystine residues 
can influence all the hydrogen bonds of the helix 
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extended fibres are set, the X-ray diffraction photo- 
graph of set B-keratin, compared with unset 6-kera- 
tinjé, shows a sharpening of the backbone reflexion, 
confirming the orientation of more protem chains into 
the strict 8 configuration Davies, Evans and Lumley 
Jones**, using methyl acetamide ın carbon tetra- 
chloride, have shown that the shift m the hydrogen- 
bonded NH vibration infra-red absorption frequency 
away from the non-hydrogen-bonded NH vibration 
frequency 18 increased from approximately 120 em -t 
to 190 cm ~ as the concentration of amide 1s uncreased 
The shift can be attributed to an increase 1n the num- 
ber of amide groups hydrogen-bonded together m 
each linear aggregate The difference between the 
absorption frequencies of the NH vibration in non- 
bonded and hydrogen-bonded amide groups 1s propor- 
tional to the energy of the hydrogen bond, and there- 
fore ın the experiments of Davies, Evans and 
Lumley Jones the energy has been increased 60 per 
cent by mereasing the number of co-operating 
hydrogen-bonded amide groups m each lmear 
aggregate Thus the stability of a hydrogen-bonded 
protem structure can be mereased by brmging more 
peptide groups mto the co-operating hydrogen- 
bonded system If it becomes possible to examine 
the infra-red spectrum of unset 3-keratm the NH 
vibration. frequency should show a smaller shift from 
the non-hydrogen-bonded NH frequency than the 
NH vibration frequency m set B-kerstin where, 
according to the present theory, the protem chains 
are oriented so that there are more co-operating 
peptide groups ın each hydrogen-bonded series 

If the hydrolysis of cystime ın steam, like the 
hydrolysis by OH- ions, mvolves ionization of a 
proton at the a-carbon atom, then tho observed facts 
of steam settmg are readily explamed At first, in 
the extended fibre, the hydrogen bonds are weakened 
by the mereased polarization of the peptide groups 
Immersion of the fibre without tension m boiling 
water after up to 15 minutes im steam causes super- 
contraction Longer treatment in steam allows 
further orientation of the protem chams, and more 
co-operating peptide groups increase the strength of 
the mdividual hydrogen bonds, thus causing perman- 
ent set!5 Treatment of extended keratin fibres in 
boilmg borate buffer solutions! (pH. 9 2) for 30 mun 
causes permanent seb, orientation strengthening the 
individual hydrogen bonds Less drastic treatment 
with phosphate buffers from pH 8 to 10 for 1 hr at 
50° C17 or 20 per cent potassium hydroxide solution 
at 28 5° C for 3 mmn! causes weakenimg of the 
hydrogen bonds by imereased polarization of the 
peptide groups, without sufficient subsequent orienta- 
tion to strengthen the hydrogen bonds, and thus 
supercontraction occurs under these conditions 

Swan? has shown that the hydrogen atom attached 
to the «a-carbon of cystme is not involved im the 
reduction of cysteme by sodium sulphite However, 
sulphur can take part ın hydrogen bonding’, and 
the most plausible hydrogen bond in cystine residues 
would seem to be 


CH—CH, 





The approach of a negative 10n, SO,?- or HSOy, 
to sulphur atom 6 would mduce a positive charge on 
b and a negative charge ona In turn, the polarity 
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of the peptide group would be mcreased The nega- 
tive charge on a will be further mereased if the 
cysteme residue formed ın the reduction 1s ionized, 
and in fact the settmg reaction does appear to be 
catalysed by alkali’ 
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R—S—S—R + 80,7 > R—S + -0,8—8—R 
a b a b 


The changes in the polarization of the peptide 
group and other peptide groups hydrogen-bonded to 
it will cause immediate weakening and eventual 
strengthenmg of the hydrogen bonds as m steam- 
setting and setting ın alkaline solutions 

During the synaeresis of actomyosin after adding 
adenosine triphosphate, the X-ray diffraction pattern 
shows m certain conditions the appearance of a famt 
*eross-B' reflexion which 18 typical of supercontracted 
keratin® This suggests that there may be some 
similarity between the contraction of components of 
muscle eontamung sulphur and keratin supercontrac- 
tion Reaction with sulphydryl groups of muscle 
protem could alter the stability of the hydrogen- 
bonded network so that the chemical energy from a 
reversible, high standard free energy transphosphory- 
lation, for example, liberated as kmetice energy, 
would cause disorientation of the protem structure 
and contraction Then the reverse phosphorylation 
might induce negative charges on the peptide carbonyl 
oxygen atom and thus re-orient the muscle component 
into 1ts original «-helical form 

This theory of permanent set, supercontraction, 
and urea-bisulphite solubihty of keratin is put 
forward to explam those experimental facts*-> not 
fully oxplamed by the early theories of permanent 
set There is no doubt, however, that all the 
chemical forces—covalent, electrovalent, van der 
Waals, and not merely hydrogen bonding—are 
involved in the three experimental phenomena 
considered 

I am grateful to Prof W T Astbury for many 
suggestions during helpful discussions of this work 
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INACTIVATION OF SOME ANIMAL VIRUSES BY HYDROXYLAMINE 
AND THE STRUCTURE OF RIBONUCLEIC ACID 


By Dr RICHARD M FRANKLIN and Dr EBERHARD WECKER 


Max-Planck-Institut fur Virusforschung, Tubingen, Germany 


N the course of some studies on factors which 

might stabilize infectious ribonucleie acid isolated 
with phenol from anımal viruses, 16 was found that 
hydroxylamine mactivates the mfectious ribonucleic 
acid extracted from mouse encephalomyelitis virus 
(Table 1) In addition, several animal viruses, all 
of which contain ribonucleic acid, proved to be 
sensitive to hydroxylamine (Table 1) 

Hydroxylamme may act on animal viruses by 
affecting — (1) viral protein, (2) viral ribonucleic acid, 
or (3) both viral components Several types of experi- 
ment were performed in order to locate the site of 
action of hydroxylamine In the first type of experi- 
ment, mouse encephalomyelitis virus was treated with 
hydroxylamme and then ribonucleic acid was 
extracted If hydroxylamine had reacted with the 
ribonucleic acid of the virus, then the extracted 
ribonucleic acid should be non-infectious This 
type of experrment must be distinguished from that 
described ın Table 1, where infectious nucleie acid 18 
first extracted from virus particles and then treated 
with hydroxylamme The expermments were carried 
out as follows Mouse encephalomyelitis virus was 
incubated m 1 M hydroxylamine at 22° © and pH 7. 
A control preparation, contaming no hydroxylamine, 
was incubated under the same conditions The virus 
preparations were treated for various periods of time 
m the mdividual experiments After dialysis of both 
samples, aliquots were assayed for virus infectivity 
to determme the virus survival ratio The same 
samples were treated with phenol at 42° C to extract 
tibonucleie acid}? Infectivity of ribonucleic acid 
was titrated by imtracerebral inoculation m mice 
The ratio of the mfectivities of mbonucleic acid 
extracted from treated virus to that extracted from 
control virus should be the same as the virus survival 
ratio if hydroxylamme mactivates the virus only 
by alteration of viral ribonucleic acid Highly 
variable results were obtamed, but the average virus 
survival ratio was only four times higher than the 
average survival ratio of the extracted ribonucleic 
acid Considering the many manipulations mvolved 
in these expermments, the results indicate that 
hydroxylamime acts on mouse encephalomyelitis virus 
by altering the viral ribonucleic acid This conclu- 
sion 1$ also supported by the fact that mouse en- 
cephalomyelitis virus 1s mactivated at a rate com- 
parable to that of infectious ribonuclere acid isolated 
from the virus (Table 1) 

The second type of experiment to locate the site 
of action of hydroxylamine tested the effect of this 
compound on several activities of viral protem A 
mouse encephalomyelitis virus preparation, mactiv- 
ated by treatment with 1 M hydroxylamine at 
22° C for 24 hr and then dialysed for 24 hr, had 
the same complement-fixmg activity agamst a 
rabbit antiserum to mouse encephalomyelitis virus 


Table 1 THE INACTIVATION OF SOME ANIMAL VIRUSES AND ANIMAL 
VIRUS RIBONUCLEIC ACID BY HYDROXYLAMINE 

X 4 M solution of hydroxylamine hydrochloride 1s adjusted to neutral 
pH by mixing with an equal part of 14 per cent sodium hydroxide 
This solution 1s mixed with an equal part of infectious material and 
(neubated for 15 min at 22° © For the inactivation of viruses the 
teaction 1s stopped by 1 5 dilution in phosphate buffered saline 
(ref 16) at 4° O , and excess hydroxylamine 1s removed by dialysis 
against phosphate buffered saline for 24 hr For inactivation of m- 
fectious ribonucleic acid, the reaction 1s stopped and hydroxylamine 
removed by precipitation of the ribonucleic acid with alcohol The 
virus infectivity was measured by plaque test (ref 17) and the ın- 
fectivity of ribonucleic acid from mouse encephalomyelitis virus was 

titrated by intracerebral inoculation in mice (ref 1) 





Infectious material Survival ratio* 





Infectious ribonucleic acid from 26 x 107? 
mouse encephalomyehtis virus 18 x 1073 
Mouse encephalomyelitis virus 2 x 107 
Fowl plague virus 2 x 107? 
Swine influenza 2 « 107 
Western equine encephalo- 
myelitis virus 3 x 107! 





I1 





* Titre of treated/titre of control 


as a control preparation Thus treatment of mouse 
encephalomyelitis virus with hydroxylamine results 
imn an alteration of the infeetivity of the mbo- 
nucleic acid without major alterations m the 
serological properties of the protem In order 
to study the effect of hydroxylamme on other proteins 
of animal viruses, a fowl plague virus concentrate 
was treated with 1 M hydroxylamme for 24 hr, 
resultmg m complete mactivation After 24 hr 
dialysis, the hemagglutmating activity was the same 
as that of a control Further, the enzymatic activity 
of the virus, measured by elution from red blood 
cells at 37? C , was identical ın treated and control 
preparations The complement-fixing ability of the 
treated preparations was the same as that of the 
control, when measured with anti-fowl plague serum 
Hence, as in the case of mouse encephalomyelitis 
virus, hydroxylamme had not caused any detectable 
changes in the viral protem, at least ın the peripheral 
protem 

Hydroxylamme also inaetivates certam bacterial 
viruses, but the action m this case is on a protem 
component, probably resulting m the rupture of 
thiol ester bonds ın the protem of the tail fibres? 
The activation energy of this process? 1s approxim- 
ately 19 kcal/mole To contrast this with the 
inactivation by hydroxylamme of animal viruses, 
the activation energy for the mactivation of western 
equine encephalomyeltis virus was determied over 
the temperature range 20-44°C A value of approxim- 
ately 4 kcal [mole was found The difference observed 
m the activation energies for the mactivation of 
bacterial viruses and western equine encephalomyel- 
itis virus mdicates that different chemical processes 
may be involved in the two cases 
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(Note added wn proof The activation energy for 
inactivation of mouse encephalomyelitis virus is 
15 6 kcal/mole Smce mouse encephalomyelitis 
virus and mouse encephalomyelitis ribonucleic acid 
are inactivated at the same rate, this must be the 
energy associated with the reaction of ribonucleic 
acid with hydroxylamme This 1s similar to the 
energy for splitting thiol-ester bonds and may further 
suggest that an ester bond ıs split from ribonucleic 
acid by hydroxylamme The previously determmed 
activation energy for mactivation of western equine 
encephalomyelitis virus may then represent a second- 
ary reaction, perhaps an alteration of viral lipid ) 

A direct attack on the nature of the reaction of 
hydroxylamme with ribonucleic acid gave httle 
positive information ‘Model’ ribonucleic acid was 
prepared from rat liver and calf liver by extraction 
with phenol at 4° C, usmg phosphate-citrate buffer 
at pH 5 1n order to prevent the simultaneous extrac- 
tion of deoxyribonucleic acid After alcohol precipita- 
tion, followed by precipitation with 1 M sodium 
chloride, the nucleic acid obtamed consists of a two- 
component system with molecular weights ~ 2 x 109 
and ~ 6 x 105, respectively (cf ref 4) This ribonu- 
cleic acid was treated with hydroxylamine for 24 hr 
or 48 hr and excess hydroxylamme was removed 
by repeated alcohol precipitation of the ribonucleic 
acid There was no degradation of ribonucleic acid, 
as revealed by analytical ultracentrifugation Further, 
paper chromatographic and paper electrophoretic 
studies of the products of alkaline and acid hydrolysis 
showed no differences from those of untreated ribo- 
nucleic acid Thus hydroxylamine does not seem to 
split the phosphate-sugar backbone of ribonucleic 
acid or alter any of the bases If one of these pro- 
cesses was responsible for the mactivation of infec- 
tious ribonucleic acid, which has a l/e value of 
37 mm, meanimg that an average of one such 
inactivating event has occurred ın each molecule in 
3 7 min, then approximately 400 such inactivating 
events would occur per molecule m 24 hr The 
failure to detect any changes after 24—48 hr with the 
methods used is strong evidence that inactivation 
did not occur by either of the above-mentioned pro- 
cesses As a comparative example, the oxidative 
deammation of adenime, guanme and cytosme in 
ribonucleic acid by mitrous acid can be demonstrated 
chromatographically after a reaction time of about 
20h 5 

Recent studies on the chemistry of protem synthe- 
sis have shown that ammo-acids are bound to a 
ribonucleic acid of low molecular weight (soluble- 
ribonucleic acid) before bemg coupled together in a 
polypeptide cham’? The amino-acid is bonded 
to soluble ribonucleic acid at a 2’ or 3’ hydroxy- 
position of the termunal ribose and this amino acyl 
ester bond can be split by hydroxylamune? It could 
be that a similai structure exists in some forms of 
high molecular weight ribonucleic acid and that such 
a structure is essential for the biological activity of 
ribonucleic acid in those cases It would be difficult, 
however, to demonstrate the existence of an amino 
acyl ester ın nucleie acid of molecular weight ~ 2 x 
109 smce, by weight, the amino-acid represents ~ 1 
part ın 104 of nucleic acid Therefore, this hypothesis 
must be investigated by some indirect approach 

One such approach is a comparison of the stability 
of the amino acyl-soluble-ribonueleie acid bond with 
that of the mfectivity of ribonucleic acid from mouse 
encephalomyelitis virus (Table 2) The stability of 
infectious ribonucleic acid in the pH range 5-7 and the 
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instability at pH 8 6 correspond to the pH stability 
of an ammo acyl ester bond Control experiments 
on the degradation at pH 8 6 of ‘model’ ribonucleic 
acid from calf liver, measured by alteration of vis- 
cosity during a 48-hr period, showed that inactivation 
of infectious ribonucleic acid at pH 8 6 could not be 
due to alkahne hydrolysis of the phosphate-sugar 
backbone Hydroxylamune inactivation. of ribonucleic 
acid from mouse encephalomyelitis virus proceeds 
more rapidly at pH 7 than at pH 5 5 and this 1s also 
true for hydroxylamme sphttmg of the ammo acyl 
ester bond to soluble-ribonueleie acid® In contrast, 
the reaction of hydioxylamime with activated ammo- 
acids (mixed anhydrides m which the carboxyl 
group of the amino-acid ıs phosphorylated)? occurs 
equally well! at pH 5 5 and pH 70 Therefore, if an 
amimo-acid or related compound is linked to the 
ribonucleic acid of certain viruses, as suggested by 
these experiments, then the bond should be similar 
to that between ammo-acids and soluble-11bonucleic 
acid (ester) rather than to that in activated amuno- 
acids (mixed anhydride) 


Table 2 A COMPARISON OF THE STABILITY OF AN INFECTIOUS RIBO- 
NUCLEIC ACID FROM MOUSE ENCEPHALOMYELITIS VIRUS AND THE 
AMINO ACYL ESTER BOND TO SOLUBLE-RIBONUCLEIO ACID 





| 
Infectious ribonuclere | Amino acyl ester soluble-ribo- 
I ack i nucleic acıd bond 


Stable at pH 5 
60° for at least 10 mın 
22° for at least 15 min 
T 1 
Stable at pH 7 
60° for at least 10 min 
22° and 87° for at least 30 min 


Unstable at pH 8 6 
837°for80 min «fn, = 0 03 





Reported to be stablein0 1 N 
HCl, as well as in the pH 
range 3-6 (ref 18) 


Unstable at pH 8 6, 37° 
Extrapolation of the data to 
30min n/n, =0 025 (ref 19) 


Reacts with 1 M NH,OH at 
pH 7 to a greater degree 
than at pH 5 5 (ref 8) 


1M NH,OH, 22° 
A* = 0 25min—atpH 6 8 
and 0 10 mn ~at pH 5 5 











* Assuming a first-order reaction, dn/dé = — kn, where n is the 
remaining activity at time ¢ 


Not all anmmal viruses can be inactivated with 
hydroxylamme under the conditions described here 
For example, Newcastle disease and mumps viruses, 
which are in one distinct sub-group of the myxo- 
viruses!?, are resistant to 1 M hydroxylamme at 
22° C Fowl plague virus and swine influenza vuus, 
which belong to another sub-group, proved to be 
highly sensitive (Table 1) These results suggest 
that there are differences m the nucleic acids of these 
two groups of myxoviruses, although all myxoviruses 
which have been chemically analysed, meluding 
Newcastle disease", fowl plague!?, and influenza! 
viruses, contain ribonucleic acid Herpes simplex, 
which may contam deoxyribonucleic acid!*, also 
proved resistant to hydroxylamme The resistance 
of some viruses to hydroxylamine mactivation may 
be further evidence that hydroxylamine attacks a 
special configuration m the nucleic acid component 
of certain viruses, since ıt appears that all nucleic 
acids have certain chemical properties, such as a 
phosphate-sugar backbone, m common Thus 1 
must be concluded that hydroxylamme does not 
alter any of the chemical bonds common to all nucleic 
acids 

The biological significance of this hypothetical 
ester bonded to mfectious ribonucleic acid i8 not 
clear One suggestion 1s that an ammo acyl ester or 
some other acyl group im an ester linkage located 
at a termmal position on a ribonucleic acid chain 
would serve to limit the chain-length by providing the 


August ], 1959 


information that the end of the cham had been 
reached In any event, such & structure could serve 
to give the cham a direction m a more striking manner 
than that provided by the presence or absence of a 
termmal phosphate!* Moreover, such a termimal 
ester group may serve as a priming agent for certam 
biosynthetie reactions 

The theoretical and practical aspects of the pheno- 
mena, described here are bemg investigated further 
and wil be published in full detail elsewhere 

We gratefully acknowledge the many stimulatmg 
discussions with Profs G C Mueller, W Schafer, G 
Schramm and R Dulbecco This work was supported 
by the Deutsche Forschungsgememschaft 
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AUXIN AND THE BULBING OF ONIONS 
By Dr J E CLARK and Pror O V. S. HEATH 


University of Reading Horticultural Research Laboratories, Shinfield Grange, Shinfield, Berkshire 


ETAILED studies of those changes ın the intei nal 
morphology and histology of onion plants which 
are characteristic of the process of bulb development 
in response to the combined stmmuh of long days and 
high temperature led to the formulation of a specula- 
tive hypothesis in terms of a supposed ‘bulbng 
substance’ or hormone! We are now engaged in a 
study of the changes in growth-substance content of 
onion plants durmg bulbing, usmg modifications of the 
methods of paper partition chromatogiaphy combined 
with bioassay of growth-substances first developed 
by Bennet-Clark et al 55, we aie also studying the 
effects of externally applied auxin on bulb develop- 
ment 
When testing for an unknown chemical growth- 
factor supposed to produce a specific effect on a 
certain organ of an intact plant ıt is desirable, if 
possible, to develop an assay method depending on 
the production under standard conditions of such an 
effect ın the same or similar tissue Thus one should, 
ideally test a fractionated tissue extract for the 
presence of a ‘flowermg hormone’ by 1ts capacity to 
cause flowei mitiation in growing points, preferably 
kept under otherwise non-inductive conditions, the 
appropriate test for growth-promoting hormones 1s 
one in which increase of growth 1s measured, rather 
than inhibition of growth, or abscission of organs, 
for a bulbing substance’ the assay method should 
involve bulb development, again preferably under 
non-inductive conditions If this principle ıs ignored, 
as 1s frequently the case, mrelevant or musleadmg 
information may be obtamed For the comparison 
of amounts of known compounds ın tissue extracts 
from plants ın different treatments, the use of assay 
methods depending on irrelevant plant responses 
would, however, seem to be justifiable if suxtable 
precautions are taken to confirm that the compound 
concerned is in fact the one supposed 
Foi bioassay we have therefore used a modification 
of the wheat coleoptile cylinder test* m an attempt to 
compare changes in the 3-mdolylacetic acid content 
of onion plants during bulbing ın long days with that 
of plants remaining in short days, but we have also 


developed a method m which onion seedlings con- 
stitute the test material and show an merease in 
‘bulbing ratio’ (the ratio of the greatest diametei to 
the least) when supplied with a suitable growth sub- 
stance m darkness The onion seedlings as used for 
this bioassay have been found not only to give a 
marked bulbmg response to long days but also to 
externally applied 3-mdolylacetic acid in darkness 
Seedlings at the 2-leaf stage of development, with 
roots and leaf-blades removed (‘seedling sections’), 
rotated horizontally m darkness in a 1 per cent 
sucrose solution, show from 1 to 8 days an increasing 
bulbing ratio m the presence of added 3-indolylacetic 
acid (sodium salt, pH 7 0, at 1 x 10-4 M eoncentra- 
tion, or approximately 20 p pm ), whereas in sucrose 
alone there are no marked or consistent changes 
Such a response is rapid at 25° C, much slower at 
20° C and almost non-existent at 15° C , this 
resembles the effect of temperature on rate of bulbing 
in response to the stimulus of long days’ We have 
also found, with intact seedings growing in water 
culture m short days, a small but statistically signifi- 
cant (P < 0 02) merease m bulbing ratio due to the 
addition of 1 x 10-4 M 3-mdolylacetic acid to the 
solution, as compared with seedlings not given 
3-indolylacetic acid. 

We have made a prelimmary survey of the changes, 
caused by various periods m long days at different 
stages of development, m the growth-substance 
content of onion plants For this purpose plants 
of variety Ebenezer were grown from sets in sand 
culture in short days (less than 12 hr ) and transferred 
to long days (17 hi ) at the time of expansion of the 
tenth, fourteenth, eighteenth and twenty-fourth leaf 
Samples were taken from long-day and short-day 
plants of the same age according to the plan shown in 
Table 1 Roots and leaf blades were removed and an 
ethanol extract made of the remaming tissue The 
method of fractionation was that of Bennet-Clark 
et aL? and Larsen‘, except that the pH was brought 
to 2 5 with 20 per cent orthophosphorie acid Only 
the ether-soluble, acidic fraction has so far been 
investigated in detail Extracts were chromato- 
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Table 1 
No of leaves emerged at start of long-day 
Days from start of treatment 
long-day treatment 10 14 18 24 
P 1,2 P1,2 P 1,2 P1,2 
0 E1 E 1,8 
H:0 1 B1 
P1,2 P 1,2 P 1,2 P1,2 
3 E1 E 1,38 
H,O 1 Bi 
5 P 1,2 P 1,2 P 1,2 
El 
P 1,2 P 1,2 P 1,2 P 1,2 
7 El E 1,3 
' Bil 
10 P 1,2 P 1,2 
P 1,2 P 1,2 P 1,2 P 1,2 
14 E1 E 1,3 
Bil 
P 1,2 P1,2 P1,2 
21 E 1,38 
B1 
P 1,2 P 1,2 P 1,2 
28 E 1,3 
B1 
ZA 











Key to solvents used P, 180-propanol (80)/water (10)/(ammoma 
10), E, ethanol (80)/water (10)/(ammonia 10), B, n-butanol (80)/ 
water (10)/(ammonia 10), HO, water 

Key to assay used 1, wheat coleoptile straight growth , 2, colori- 
metric determination, 3, onion seedling section (‘bulbirg’) 


graphed and assayed, ın the way indicated in Table 1, 
after being kept for not more than 48 hr m darkness 
and at + 2° C All chromatograms were cut into 
tenths before bemg assayed Marker spots of 
3-indolylacetic acid, run m the presence of onion 
extract and sprayed with ferric ehloride-perchloric 
acid reagent?, indicated the position in which 
3-indolylacetic acid would be expected to occur 
Makmg uso of this mformation, the 3-mdolylacetic 
acid content of the extract was estimated, in 
every case, by a modified Salkowski determmation’, 
after elution from a chromatogram with absolute 
ethanol The growth promotion produced in the 
coleoptile tests by the sections of the chromatograms 
where 3-indolylacetic acid was expected to run was 
compared as between long-day and short-day plants 
and was also compared with that produced by known 
amounts of 3-indolylacetic acid run at the same time , 
thus a second, very approximate, estimate of the 
amount m the onion tissue was available These 
results yielded the following information 

In short days a growth substance which ran on 
chromatograms ın all the solvents tried at approxim- 
ately the same Rr as 3-ndolylacetic acid (added to 
onion extract) was almost always found As 
estimated colorimetrically this amounted to about 
2 5 mgm 3-ndolylacetic acid per kgm fresh weight 
at the tenth leaf stage and 3-4 mgm /kgm at the later 
stages investigated The coleoptile tests suggested 
a more marked trend from about 0 2mgm /kgm at 
the tenth leaf stage to about 1 0 mgm /kgm at the 
eighteenth and twenty-fourth leaf stages 

Following tiansfer to long days there was in all 
stages a rapid increase m 3-mdolylacetic acid to a 
maximum at 3-5 days followed by a fall to a value 
below that for the short-day controls The mutial 
rise was greatest for the twenty-fourth leaf stage 
(Fig 1), n which the maximum reached the high value 
of about 9 6 mgm /kgm This was enough to give the 
characteristic colour with ferric chloride—perchloric 
acid spray The estimate based on the coleoptile 
tost was about 7 0 mgm /kgm for the maximum m the 
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long-day plants and was about 1 0 mgm [kgm m 
shorb days 

The onion seedling section assay showed increases in 
bulbmg ratio 1n the zone m which 3-mdolylacetie acid 
would be expected to run, these mdicated changes 
m ‘3-indolylacetic acid’ content similar to those shown 
by the coleoptile test, that is, a steady moderate 
amount in the short-day plants and in the long-day 
plants an increase to a maximum at 3 days, followed 
by a fall to below the value for the controls by 14 
days There were no dications of any other 
‘bulbing substances’ 

The possibility must be considered that some 
‘bulbing substance’ other than 3-indolylacetic acid 
ran jn approximately the same position on the 
chromatograms , ıt would, however, be unhkely to 
have the same Ry as this in all four solvents used, to 
produce simular effects both in wheat coleoptile 
growth and bulbmg of onion seedling sections, and to 
give the distmetive colour reactions observed with 
the ferric chloride—perchloric acid spray and m the 
modified Salkowski determmation Jt ıs conceivable 
that & compound which was not 3-mdolylacetic acid 
and which changed in concentration durmg bulbing 
became converted into 3-indolylacetic acid during 
the extraction procedure or during separation on the 
chromatograms, the latter possibility 1s rather 
discounted by the consistent result obtamed with 
water as the runnmg solvent and for the present the 
substance will be assumed to be 3-mdolylacetic acid 
If correct this 1s one of the few cases yet cited of a 
morphogenetic effect bemg associated with a known 
growth hormone 

It ıs worthy of note that in all the stages the 3- 
indolylacetic acid m the long-day plants had fallen 
to a value below that in the short-day controls by 
14 days from the date of transfer—approximately the 
time at which a measurable increase m bulbing ratio 
first occurred under the conditions m which these 
plants were grown Thus ıt appears that the swelling 
of the leaf bases characteristic of bulbmg? can only 
be due to high 3-mdolylacetic acid content as an 
after-effect , 1t might even be thought to be brought 
about by a sub-normal 3-mdolylacetie acid level, but 


wae 


nn 
e 


o 

B 

2 

E 

e 

o 

£ 

470 Least significant 
E ifference 
» . TP=0 05 
E] ]P=0 oo! 
L-] 

250 

"d 

3 . 

z 

E 

8 X 
E$0j—KX—«——X—X 77 ——— 
3 

: — 
oO 

g 

- 





0 35 7 10 14 21 28 
Days from start of long-day treatment 


Fig 1 Colorimetric determination of 3-indolylacetic acid content 
of plants at 24-leaf stage @—@, Long-day plants, x— x, short- 
day controls 
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the onset and continuance of bulbmg with a mam- 
tamed external supply of 3-indolylacetie acid must be 
remembered here The suppression of growth of the 
blades of the leaf mutials, the first noticeable change 
m the mternal morphology with the onset of bulbing?, 
may be begun by the rse m 3-indolylacetic acid 
content, but ıt continues long after the subsequent 
fall No account 1s here taken of possible differential 
distribution of the 3-mdolylacetic acid and 16 is 
hoped to investigate this later 

This work 1s supported by the Agricultural Research 
Council, to which grateful acknowledgment 1s made, 
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and much of ıt was carried out ın the Research 
Institute of Plant Physiology of the Imperial College , 
16 18 bemg contmued here and will be published in 
detail m due course [March 12 
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A NON-DIALYSABLE INHIBITOR OF GLUTAMO-TRANSFERASE 
PRESENT IN EXCISED TOMATO ROOTS 


By C. S VAIDYANATHAN and Pror H E STREET 


University College. of Swansea 


HA tomato roots grown with erthe: nitrate 
or ammonium as nitrogen sou ees accumulate the 
amides, glutamine and asparagme! Attempts to 
study the mechanism of glutamine synthesis, by 
using homogenates of 21-day-old cultured roots, has 
led to the detection and partial purrfication of a 
natural non-dialysable inhibitor of the glutamo- 
transferase reaction 

Glutamme synthetase? promotes, at almost similar 
rates, the reaction of 1-glutamate with erther ammonia 
orhydroxylamune leadmmg tothe formation,respectively, 
of glutamme and y-glutamylhydroxamate Adeno- 
sine triphosphate and Mg** (or Mn**) are essential 
cofactors, maximal activity 1s obtamed by the 
futher addition of cysteme Highly purified prepara- 
tions of glutamme synthetase show’, m presence of 
the metal activator, adenosme-diphosphate, and either 
phosphate or arsenate, glutamo-transferase activity 


glutamme + NH,OH — y-glutamylhydroxamic 
acid + NH, 


It 1s posstble, therefore, to use this reaction as an 
index of glutamme synthetase activity in crude 
preparations contaming adenosine triphosphatase 
and to determine the hydroxamic acid formed by a 
colorimetric method‘ 

A pea meal homogenate (5 gm meal to 15 ml 
water), partially clarified by centrifugmg at 2,000 
ipm for 15 mm, was used as the source of glutamo- 
transferase in the exploratory expermnents first 
déseribed The standard reaction mixture (2 5 ml ) 
for assay of glutamo-transferase activity contained 
05 ml 01 M tms buffer (pH 7 2), and 0 1 ml of 
each of the followmg manganese sulphate (0 01 M), 
sodium arsenate (0 1 M), sodium-adenosine triphos- 
phate (0 001 M), L-glutamine (0 1 M), hydroxyl- 
amine (01 M, adjusted with sodium hydroxide to 
pH 72) The standard reaction time was 3 hr at 
35°C Under these conditions the pea meal prepara- 
tion produced, on different occasions, 3 6-4 8 umoles 
glutamylhydroxamate 

Clones of excised tomato roots (Lycopersicum 
esculentum, Mill var Sutton’s Best-of-All) were 
cultured in penicillin culture flasks contamıng 11 
of a modified Whites’s medium? Twenty 10-mm 1006 
tips, from sector cultures, were introduced mto each 
culture flask and growth allowed to proceed for 21 
days abt 27? C Root homogenates (1 gm fresh wt 


roots to 3 ml water), prepared from different clones, 
uniformly lacked glutamo-transferase activity but 
differed ın the extent to which they inhibited the 
transferase of the pea meal preparation when 0 5 ml 
aliquots were incorporated m the standard reaction 
mixture Homogenates from 15-day-old seedling 
roots of the same variety of tomato had low inhibitory 
activity and the mhibitory activity of the excised 
root clones rose to a steady value durmg the early 
subcultures following initiation 

The nitrogen souice of standard Whites’s medium 
is mtiate (45 mgm nitrogen/1) and its pH. is 4 6 
Homogenates of roots grown, respectively, with 
nitrite® (7 0 mgm mitrogen/] at pH 6 0), ammonium‘ 
(45 mgm nitrogen/l at pH 6 8), or L-glutamie 
(4 8 mgm nuitrogen/| at pH 6 8) as nitrogen sources 
were also tested for ther inhibitory activity, the 
homogenates being prepared at a strength (1 gm 
fiesh wt roots to 5 ml water) such that 05 ml 
homogenate from the nitrate-grown roots of the 
clone produced about 50 per cent inhibition (Table 1) 


Table 1 INFLUENCE OF NITROGEN SOURCE ON THE INHIBITORY 


ACTIVITY OF ROOT HOMOGENATES 





Nitrogen source for root growth | Glutamylhydroxamate (umoles) 





No homogenate added 4 50 
Nitrate | 2 34 
Nitrite ! 2 70 
Ammonium 2 07 
L-Glutamine 0 68 





Two excised tomato root clones (clones 1 and 2) 
were used in further study of the inhibitor Its 
solubility differed in the two clones When the 
homogenate of clone 1 was centrifuged, the clea 
supernatant had very low activity and the inhibitoi 
was liberated from the tissue residue by tieatment 
with 0 1 M arsenate for lhr (by repeated extraction 
m this way most of the activity could be 1emoved 
from the residue) Clone 2, by contrast, yielded a 
supernatant of high activity, and little further activity 
was extracted from the residue by a single arsenate 
tieatment (Table 2) 

Usmg the total homogenate of clone 1 1oots 16 was 
shown that, when added to the reaction mixture after 
3 hr incubation, 15 stopped the transferase reaction, 
but durmg 5 hr further moubation did not decrease 
the hydioxamic acid content The soluble mhibitory 
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Table 2 DISTRIBUTION OF INHIBITORY ACTIVITY IN Root Homo- 
GENATVS 
Addition (0 8 ml ) to reaction Glutamylhydroxamate 
mixture (umoles) 
Clone 1 Clone 2 

Water 4 26 | 3 75 
Supernatant 3 83 084 
Arsenate extract of residue 0 3 58 
Tissue residue 0 0 
Residue after ten extractions 

with arsenate solution 8 94 | 








activity of the primary supernatant (clone 2) or of 
the arsenate extract (clone 1) was the:molabile 
(Table 3) These solutions did not decrease in activity 
when dialysed against distilled water for 48 hr and 
were free from detectable proteolytic and adenosine 
triphosphatase activity 


Table 3 THERMOLABILITY OF THE SOLUBLE GLUTAMO-TRANSFERASE 
INHIBITOR OF CLONE 2 ROOTS 








Time (min ) of exposure of Glutamylhydroxamate 
inhibitor solution to 100? C (umoles) 
0 0 
5 08 
10 12 
15 25 
30 37 
45 45 
60 45 
Water control 4 65 











A purified preparation of the glutamo-transferase 
enzyme was at this point obtained from 2 kgm dried 
pea meal (Pesum satwum var Meteor) by the method 
of Elhott’, dissolved ın the tris buffer, and the sens- 
tivity of both the transferase and the synthetase 
activities of the enzyme to the tomato root mhibitor 
tested The standard reaction mixture (3 3 ml ) used 
In assaying glutamine synthetase activity contamed 
05 ml 01 M trs buffer (pH 7 2), 1 ml enzyme 
solution, 05 ml sodium-adenosine ti iphosphate 
(0 05 M), 0 5 ml sodium glutamate (0 5 M), 0 1 ml 
manganese sulphate (M), 01 ml hydroxylamine 
(M and adjusted to pH 7 2), and 0 1 ml cysteme (M) 
Tn these tests a partially purified preparation of the 
mhibitor was used This was prepared from a clone 
2 root homogenate (100 gm fresh wt roots to 200 ml 
water) as follows the supernatant was treated with 
300 ml acetone and the precipitate collected by 
centrifugmg, washed with acetone and reduced to a 
dry powder m a vacuum desiccator Half the acetone 
powder dissolved in 50 ml water was treated with 
an equal volume of saturated ammonium sulphate 
solution and the precipitate collected by centrifugmg 
and dissolved m water This solution was dialysed 
at 2-5° C for 48 hr and then adjusted to 50 ml 
The preparation of an active acetone powder ensured 
inactivation of any glutammase? or adenosine triphos- 
phatase’ contamination The mbhuibttion, by the 
purified inhibitor, of the transferase activity of the 
pea meal enzyme 18 shown in Table 4 

Inhibition of the transferase activity by the purified 
inhibitor was not reduced by addition of 0 05 M 


Table 4 ATTEMPTED PURIFICATION OF THE GLUTAMO-TRANSFERASE 


INHIBITOR PRESENT IN EXCISED TOMATO ROOTS 





Dry wt inhibitor required to cause 
50 per cent inhibition of trans- 
ferase activity (ugm ) 


Inhibitor fraction 





1 Original supernatant 1,200 
2 Acetone powder 450 
3 Dialysed ammonium 

sulphate precipitate 76 
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cysteine oi glutathione Its mhibitory activity wa: 
maximal if meubated with the pea enzyme for li 
min before addmg substrates and cofactors Pro 
longation of this premcubation for 60 mm , using ai 
inhibitor addition causing about 50 per cent inhibi 
tion, did not lead to any further decrease in enzym 
activity The mhibition was only shghtly reducec 
by mereasmg the concentrations of glutamme oi 
adenosine triphosphate m the reaction mixture 
(Table 5) There was no evidence that the mhibito: 
1educed the effective concentrations of Mn+, arsenate 
or hydroxylamine 


Table 5 EFFECTS OF L-GLUTAMINE AND ADENOSINE TRIPHOSPHATE 
CONCENTRATIONS UPON THE PERCENTAGE INHIBITION OF (LUTAMO- 
TRANSFERASE ACTIVITY BY THE PARTIALLY PURIFIED TOMATO Roo 











INHIBITOR 
r 
Glutamylhydroxamate 
formed (umoles) 
Percentage 
Inhibitor Inhibitor inhibition 
L-Glutamine omitted present 
(mM) 
24 114 53 
8 40 22 45 
12 57 34 41 
20 81 495 39 
ATP(M) 
1075 06 0 24 60 
4 x 1075 21 0 90 57 
107 34 15 55 
4 x 107* 38 19 50 
107* 36 19 4T 




















The mhibitor was active agamst both the trans- 
ferase and the synthetase activity of the pea meal 
enzyme (Table 6) 

Table 6 AOTIVITY OF THE PARTIALLY PURIFIED INHIBITOR AGAINST 


THE TRANSFERASE AND SYNTHETASE ACTIVITIES OF THE PE\ MEAL 
uNZYMF 





Glutamylhydroxamate 
formed (umoles) 








Enzyme Percentage 
aetivity Inhibitor Inhibitor inhibition 
omitted present 
Glutamo-transferage 470 1 03 78 
631 277 56 


| Glutamine svnthetase 


Homogenates of seedling roots of pea (Pisum 
satwum var Meteor) also showed inhibitory activity, 
but ıt could not be detected m red clover roots 
(Trifolhum pratense var Dorset Marlgrass) and 
seedling roots of Avena (var Victory) showed high 
glutamo-transferase activity 
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FORTHCOMING EVENTS 


Monday, September 21 


INSTITUTE OF METAL FINISHING (at the Northampton Polytechnic, 
St John Street, London, EC 1), at 615 pm —Mr A O F Freund 
and Mr A H Barber ‘The Use of Titanium in Electrolytic Processes 
for Metal Finishing" 


Thursday, September 24 


OI AND COLOUR CHEMISTS’ ASSOCIATION (at Manson House, 
26 Portland Place, London, W1),at 7pm—Mr J A L Hawkey 
“A Technologist’s View of “The Fourth Epoch’ " 


Friday, September 25 


HOSPITAL PHYSICISTS' ASSOCIATION (1n the Lecture Theatre, Main 
Medical School, King's College Hospital, Denmark Hill, London, 
S E 5), at 830 pm—Prof D G Catcheside, FRS “The Influence 
of Nutrition on Mutation Induced by Radiation” (Sixth Douglas Lea 
Memorial Lecture) 


Wednesday, September 30 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W © 1), at 6 30p m —Mr W E Willshaw “Modern Micro- 
wave Valves—a Survey of Evolution, Principles of Operation and 
Basie Characteristics” 


Thursday, October |—Friday, October 2 


INSTITUTE OF BIOLOGY (in the Lecture Hall, Royal Geographical 
Society, Kensington Gore, London, S W 7), at 10 am daily—Sym- 
posium on “Biological Problems Arising from the Control of Pests 
and Diseases" 


SOCIETY oF CHEMICAL INDUSTRY, FOOD GROUP (at the Royal 
Scciety of Medicine, 1 Wimpole Street, London, W 1)—Symposium 
on “Enzymes ın the Manufacture, Storage and Distribution of Food” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

RESEARCH ASSISTANT (preferably graduate in mathematics and 
experience 1n the use of digital computers) IN THE COMPUTING LAB- 
ORATORY, to assemble and run programmes using the Interpretative 
Schemes 1n the Deuce Computer—The Secretary of University Court, 
The University, Glasgow (September 28) 

ASSISTANT LECTURER IN BOTANY—The Registrar, The University, 
Manchester 13 (September 30) 

TECHNICAL ASSISTANT (qualified to maintain and supervise the 
use of X-ray apparatus and the electron microscope) IN THE HOULDS- 
WORTH SCHOOL OF APPLIED SCIENCE—The Registrar, The University, 
Leeds (September 30) 

LECTURER IN PHILOSOPHY—The Secretary, The University, 38 
North Bailey, Durham (October 1) 

LECTURER IN THE HISTORY OF SOTENCE—The Registrar, The Univer- 
sity, Leicester (October 1) 

RESEARCH ASSISTANT (graduate) IN THE DEPARTMENT OF AGRI- 
CULTURE, to carry out investigations into the efficiency of farm 
buildings by the application of work study methods—The Secretary 
and Registrar, University College of North Wales, Bangor, North 
Wales (October 1) 

LECTURER or SENIOR LECTURER IN PHYSICS AND/OR CHEMISTRY, 
to take subject to Pass Degree standard—The Principal, Bede College, 
Durham (October 3) 

READER or SENIOR LEOTURER (with experience in experimental 
physics, and preferably experience 1n some aspects of applied physics) 
IN THE DEPARTMENT OF PHYSICS of the Faculty of Science—The 
Registrar, The University, Manchester 18 (October 5) 

ECTURER (with special qualifications in hydrography) IN GEO- 
GRAPHY—The Registrar (Room 22, O R B ), The University, Reading 
(October 10) 

CHAIR OF PHYSICS, CHAIR OF CHEMISTRY, and CHAIR OF BIOLOGY 
in the Royal University of Malta—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W € 1 (October 15) 

LECTURER or ASSISTANT LECTURER IN BACTERIOLOGY at the Univer- 
sity of Malaya (Singapore Division)—The Secretary, Inter-University 
Council for Higher Education Overseas, 20 Woburn Square, London, 
W C1 (October 15) 

LECTURER (with a qualification in biochemistry and preferably 
with a medical qualification) IN CHEMICAL PATHOLOGY—The Dean, 
St_Thomas’s Hospital Medical School, London, S E 1 (October 15) 

LECTURER OR ASSISTANT LECTURER IN PHYSICS at Makerere College 
(University College of East Africa)—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W C1 (October 20) 

LECTURER IN MICROBIOLOGY in the Faculty of Rural Science, 
University of New England, Australia—The Secretary, Association of 
Universities of the British Commonwealth, 30 Gordon Square, London, 
W 01 (Australia, October 23) 

LECTURFR IN NUTRITION 1n the Faculty of Rural Science, University 
of New England, Australia, to undertake teaching and research in 
livestock nutrition in the Department of Nutrition and Chemical 
Pathology—The Secretary, Association of Universities of the British 
Commonwealth, 86 Gordon Square, London, WC1 (Australia, 
October 23) 
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LECTURER, SENIOR LECTURER or ASSOCIATE PROFESSOR IN APPLIED 
GENETICS af the University of New England, Australia—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W C 1 (Austraha, October 23) 

SENIOR LECTURER (preferably with research experience in the 
field of neurohistology) IN PHYsIOLOGY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (Australia, 
October 24) 

CHAR OF BorANY— The Secretary, The Queen's University, Belfast 
(October 31) 

CHAIR OF INORGANIC AND PHYSIOAL CHEMISTRY in the University 
of Tasmania—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (Australia, 
October 31) 

DEMONSTRATORS IN BIOOHEMISTRY, ANIMAL OR PLANT PHYSIOLOGY, 
SOILS, PARASITOLOGY, LIVESTOCK ANATOMY AND HISTOLOGY, NUTRI- 
TION, AGRONOMY, LIVESTOOK HUSBANDRY, and PHYSIOLOGY— The 
anes oe of New England, Armidale, N 8 W , Australia 

r 

SENIOR RESEARCH FELLOW or RESEARCH FELLOW IN THE DEPART- 
MENT OF THEORETICAL PHYSICS, Research School of Physical Sciences, 
Australian National University—The Secretary, Association of Uni- 
versities of the British Commonwealth, 36 Gordon Square, London, 
W C 1 (Australia, November 2) 

LEOTURER (with qualifications in either pure or applied mathe- 
matics) IN MATHEMATICS at the University of Canterbury, Christchurch, 
New Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (New Zealand, 
November 30) 

ASSISTANT Or ASSOCIATE PROFESSOR OF PATHOLOGY at Queen's 
University, Kingston, Canada—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W C 1 

LECTURER IN MATHEMATIOS—The Secretary, Royal College of 
Science and Technology, Glasgow 

RESEARCH ASSISTANTS (graduates) IN ELECTRICAL ENGINEERING, 
for work 1n the flelds of transistor applications or the properties of 
dielectric materials—Head of the Electrical Engineering Department, 
Northampton College of Advanced Technology, St John Street, Lon- 

on, 

RESEARCH ASSISTANTS (2) IN Puysics, one for theoretical and/or 
experimental work connected with the theory of liquids, and the 
other for meteorological or solid state physies—The Secretary, Sir 
John Cass College, Jewry Street, London, E C 2 E 

SENIOR TECHNICAL OFTIcER (with a degree or diploma in agrı- 
culture or agricultural botany) IN THE CEREALS SECTION of the Seed 
Production Branch—The Secretary, National Institute of Agricultural 
Botany, Huntingdon Road, Cambridge 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 


Great Britatn and Ireland 


Committee of the Privy Council for Agricultural Research Report 
of the Agricultural Research Council for the year 1957-1958 Pp 
MU (Cmnd 750) (London HM Stationery Office, 1059 d 

s ne 

Report of a Conference on Herbage Seed Production organized by 
the NIA B ın conjunction with the British Seeds Council, Cambridge 
Guildhall, 18th and 19th November, 1058 Pp 481-576 (Preprint 
from the Journal of the National Institute of Agricultural Botany, 
Vol 8, No 3,1959) Farmers Leaflet No 3 Varieties of Potatoes 
Teo (Cambridge National Institute of Agricultural no 

Sir John Cass College Prospectus, Session 1959-60 Pp 55 
(London Suir John Cass College, 1959 ) 9 

Gas Greets the Future Pp 4 (London The Gas Council, 1959 ) [96 

Department of Scientific and Industrial Research Research for 
Industry 1958 a Report on Work done by the Industrial Research 
Associations in the Government Scheme Pp iv+135 (London 
HM Stationery Office, 1959 ) 7s 6d net 9 

Council for the Preservation of Rural England Sheffield and Peak 
District Branch Annual Report, May 1959 Pp 28 (Sheffield 
Council for the Preservation of Rural England, Sheffield and Peak 
District Branch, 1959 ) 96 

The Hannah Dairy Research Institute Report for the three years 
ended 31st March 1959 Pp 52+12 plates (Kirkhill, Ayr Hannah 
Dairy Research Institute, 1959 ) 

University of Nottingham Report of the School of Agriculture, 
1958 Pp 68 (Sutton Bonington University of Nottingham School 
of Agriculture, 1959 ) [96 

British Museum (Natural History) The Succession of Life Through 
Geological Time By Kenneth P Oakley and Helen M Muir-Wood 
Fourth and revised edition Pp vu+94 5s Fossil] Mammals of 
Africa No 16 ‘The Fore-Limb Skeleton and Associated Remains of 
Proconsul afreanus By J R NaperandP R Davis Pp vu+77+10 
plates 85s (London British Museum (Natural History), 1959 ) [96 

Educational Productions, Lid Wall Chart B662 (Botany) The 
Leaf-Shape and Modifications 40in x 301in 7s 6d Wall Chart 
Z654 (Zoology) Freshwater Hydra 301in x 401n 7s 6d Wall 
Chart B663 (Botany) Fruit Dispersal and Seed Germination 40 in 
x 90in 7s 6d Wall Chart Z651 (Zoology) Earthworm 301in x 
40 in 7s 6d (East Ardsley, Wakefield Educational Productions, 
Ltd , 1959 ) [96 

Educational Publications, Ltd Filmstrip No CX6261 (Botany) 
Weeds of Cultivated Land 30 frames (colour) 27s 6d Notes for use 
with Filmstrip No OX6201 Pp 11 (Hast Ardsley, Wakefield 
Educational Productions, Ltd , 1959 ) {96 

Empire Cotton Growing Corporation 
ending 31st March, 1959 Pp ii-4-22 
Growing Corporation, 1959 ) 


Annual Report for the year 
(London Empire Cortes 
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Institute of Seaweed Research Annual Report for 1058 Pp 23 
(Inveresk, Midlothian Institute of Seaweed Research, 1059 ) [106 
Help forthe Arts a Report to the Calouste Gulbenkian Foundation 
Pp 64 (London Calouste Gulbenkian Foundation, United Kingdom 
and British Commonwealth Branch, 1959 ) 3s [106 
Institution of Gas Engineers Publication No 542 Research 
Programme of the French Gas Industry within the Framework of the 
Industry’s Technical Development By E Delsol and A Renauldon 
ep 20 Publication No 544 Reorganization of the Hong Kong and 
China Gas Company, Ltd By T Spikins Pp 37 Publication No 545 
The Use of Propane/Butane for Gas Making in Vertical Retorts By 
N V Steenstrup Pp 9 Publication No 549 Coke Preparation and 
the Solid-Fuel Market By J B Grey and R J Newman Pp 36 
(London Institution of Gas Engineers, 1959 ) [10 
Government of Northern Ireland Ministry of Agriculture Leaflet 
No 34 The Pruning of Apple Trees Pp 7-+7 plates Leaflet No 35 
The Feeding of Bacon Pigs Pp 9 Leaflet No 37 Turkey Produc- 
tion Pp 13 Leaflet No 62 Tree Planting and Timber Production 
onthe Farm Pp 12 Leaflet No 73 Potatoes Pp 26 Leaflet No 
124 Weed Controlin Agriculture Pp 20 (Belfast Ministry of 
Agriculture, 1950 ) 186 
The Two Cultures and the Scientific Revolution By Sir Charles P 
Snow (The Rede Lecture 1959) Pp iv--52 (Cambridge At the 
University Press, 1959 ) 3s 6d net [186 
Forestry Commission Report on Forest Research for the year 
ended March, 1958 Pp vii+191+5 plates (London HM Station- 
ery Office, 1959 ) 9s 6d net 186 
Central Youth Employment Executive Choice of Careers No 62 
The Pharmacist Secondedition Pp 20 (London HM Stationery 
Office, 1959 ) 9d net 186 
Birmingham Natural History and Philosophical Society The 
Records of the Society and the Story They Tell By K L Kenrick 
(Centenary Celebrations 1058 ) Pp 52 (Birmingham — Birmingham 
Natural History and Philosophical Society, 1959 ) [186 
Annual Report on the Progress of Rubber Technology, Vol 22, 
19590 Pp 1x+125+xn  (Cambrdge W Heffer and Sons, Ltd , 
oe Published for the Institution of the Rubber Industry, 19099 
8 
Natonal Institute of Industrial Psychology Report 14 "Tests for 
Engineering Apprentices—a Validation Study By © B Frisby, 
D F Vincent and Ruth Lancashire Pp 1+24 (London National 
Institute of Industrial Psvchology, 1959 ) 5s [186 
Building Research Station Digest No 122 Wind Effects on Roofs 
Pp 8 (London HM Stationery Office, 1959) 4d [186 
Nat onal Union of Students 1959 Grants Year Book Local 
Education Authority Awardsto Students Pp 107 (London National 
Union of Students, 1959 ) 2s 6d [186 
Department of Scientific and Industrial Research Food Investiga- 
tion The Torry Research Station and the Humber Laboratory a 
Brief Explanation of Their Work Pp 16 (London Department 
of Scientific and Industrial Research, 1959 ) (186 
After Work Leisure and Learning in Two Towns (Studies made 
in Bolton and Rochdale for the Manchester and District Advisory 
Couneilfor Further Education ) Pp 63 (London National Institute 
of Adult Education, 1959 ) 3s 0d 186 
Department of Scientific and Industrial Research Radio Research 
Special Report No 28 The Conversion of Ionospherie Virtual Height- 
Frequency Curves to Electron Density-Height Profiles By Dr J O 
Thomas and M D Vickers Pp v+48 (London HM Stationery 
Office 1959) 3s 0d net [186 
BC Engineering Monograph No 25 A Quality-Checking Re- 
ceiver for VH F FM Sound Broadcasting By C G Mayoand R E 
j ones Pp 15 (London British Broadcasting Corporation, ad 
8 


Russan Journal of Inorgame Chemistry, Vol 4, No 1 (January 
1959) In English translation Pp 114-105 Published monthly 
Subscription rates Ordinary rate £30 (US A 90 dollars) Rate for 
Librames of Universities and Technical Colleges £22 10s (USA 
67 50 dollars) {Single copies £4 (U S A 12 dollars) (London The 
Chemical Society, 1959 Distributed by Cleaver-Hume Press, Ltd ) [186 


Other Countries 


United States Department of the Interior Geological Survey 
Professional Paper 272-B The Effect of the Additions of Heat from a 
Powerplant on the Thermal Structure and Evaporation of Lake 
Colorado City, Texas By G Earl Harbeck, Jr, G E Koberg and 
G H Hughes Pp 51+2 plates 50 cents Professional Paper 294-K 
The Rocks and Fossils of Glacier National Park — The Story of Their 
Origin and History By € P Rossand Richard Rezak Pp 11-+401- 
430--plates 51-53 Professional Paper 299 Geology of the Arkansas 
Bauxite Region By Mackenzie Gordon, Jr, J Y Tracey, Jr , and 
M W Elis Pp vii--268--39 plates (Washington, DC Govern- 
ment Printing Office, 1959 ) 46 

East Africa High Commission East African Fisheries Research 
Orgenizahon Annual Report, 1958 Pp u+48 (Jinja East African 
Fisheries Research Organization, 1959 ) [96 

Centro Brasileiro de Pesquisas Fisicas Notas de Fisica No 18 
A Stochastic Theory of Chromatography By H Macedo,A L Zamith 
and J Danon Pp 15 No 21 Snidereal Anisotropy of High Cosmic 
Rays near the Equator By I Escobar, N Nerurkar and R Weil 
Pp 11 No 22 The Disintegration of Ga? By J Goldemberg, 
L Marquez, E W Cybulska, N L Costa and Y G Almeida Pp 7 
No 23 Effect of Non-localhity in Fermi Interactions due to Vector 
Mesons on the Decays 2+p+yand woe+s+r- By Prem Prakash 
and A H Zimerman Pp 11 No 24 Hyperfragments Produced by 
K” Mesons from K+ Charge Exchange By M Baldo Coelin,H Huzita, 
S Natah,U Camerintand W F Fry Pp 10 No 25 On the Masses 
of Elementary Particles By A Salam and J Tiomno Pp 4 No 26 
The Poles of the S-Matrix of a Rectangular Potential Well or Barrier 
By H M Nussenzveig Pp 36 (Riode Janeiro Centro Brasileiro de 
Pesquisas Fisicas, 1958 ) [96 

Union of South Africa Department of Commerce and Industries 
Investigational Report No 36 The South African Pilchard (Sardinops 
ocellata) and Maasbanker (Trachurus trachurus) The Chetognatha Off 
the West Coast of the Union of South Africa, July 1954~June 1955 
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By A E F Heydorn (Reprint from Commerce and Industry ) [Pp 56 
(Pretoria Government Printer, 1959 ) 96 
Conseil Permanent International pour l'Exploration de la Mer, 
CharlottenlundiSlot, Danemark Rapport et Procés-Verbaux des 
Réunions, Vol 146 lere Partie Procès Verbaux, Septembre-Octobre, 
1958 2eme Partie Rapport Admunistratif, 1957 Pp 51  (Copen- 
hague Andr Fred Hest & Fıls, 1959 ) Kr 15 00 [9 
Université de Paris Laboratoire Arago, Banyuls-sur-Mer Faune 
Terrestre et d'eau Douce des Pyrénées-Orientales ^ Fascicule 1 
Hyménoptéres Vespiforfhes des Environs de Banyuls-sur-Mer Par 
H Nouvelet H Ribaut Pp 82 Faseicule2 Aphidoidea Par G 
Remaudiére Pp 66  Fascicule 3 Névroptéroides Par Jacques 
Auber Pp 42 Faune Marme des Pyrénées-Orientales Fascicule 1 
Céphalopodes Par Katharina Wirz Copépodes, Isopodes et 
Helminthes Parasites de Céphalopodes de la Méditérrainée et de 
lAtlantique Européen Par R Ph Dolufs Pp 72 Fascicule 2 
Echinodermes Par G Cherbonnier Pp 67  Fascicule 3 Opistho- 
phenolics mr Wirz-Mangoldet U Wyss Pp 71 (Paris pem 
e 1e, Į 
Reflections of a Mathematician By Prof L J Mordell Pp vu+50 
(Montreal Canadian Mathematical Congress, Chemistry Building, 
a University or Ecole Polytéchnique, 2500 Guyard Avenue 
Canada Department of Mines and Technical Surveys Geological 
Survey of Canada Bulletin 47 Revision of the Hazelton and Takla 
Groups of Central British Columbia By H W Tipper Pp vu-51 
(Ottawa | Queen's Printer, 1959 ) 75 cents 96 
Seventh Annual Report, July, 1957-June 1958 of the Netherlands'- 
Norwegian Joint Establishment for Nuclear Energy Research Pp 32 
(Kjeller, near Lillestrem — Netherlands'-Norwegian Joint Establhsh- 
ment for Nuclear Energy Research, 1959 ) [96 
Companhia de Diamantes de Angola (Diamang) Servicos Culturais 
Museu do Dundo Publicacoes Culturais No 41 — Subsidios para 
1 Estudo da Biologia na Lunda Estudos Diversos (16) Lamune 
(Coleoptera, Cerambycidew) de l'Angola Par S Breuning Coléoptéres 
Cérambyeides d'Angola (Prionine et Cerambycine ) Par A Vilhers 
Hine neue Diplonevra-Art aus Angola (Dipt Phoride) Von Erwin 
Beyer Révision des expéces Africaines de la Famille Fulgorido 
(Super-famille Fulgoroides—sous ordre des Homoptéres ) Par Dr V 
Lallemand Segunda contribuicao para 1 Estudo dos Estrepsipteros 
Angolenses (Insects Strepsiptera) Por Ed Luna de Carvalho Pp 154. 
(Lisboa Companhia de Diamantes de Angola, 1959 ) 96 
New Zealand Department of Scientific and Industrial Researc 
Geophysics Division Amberley Observatory—Magnetic Results for 
1955 Pp u+62 (Wellington Government Printer, 1958 ) [186 
Amencan Journal of Scrence Radwcarbon Supplement, Vol 1, 
1959 Edited by Richard Foster Fhnt and Edward S Deevey, Jr 
Published annually Subscription rate 4 50 dollars a yeam (Vol 1 
will be sold for 2 50 dollars until 1 January 1900) (New Haven, 
Conn Sterling Tower, Yale University, 1959 ) [186 
United States Atomic Energy Commission Indemnification of 
Atomic Energy Activities and Operations of Advisory Committee on 
Reactor Safeguards, 1958-1959 ^ Report to the Jomt Committee on 
Atomic Energy on Operations under Section 170 of the Atomic Energy 
Act of 1954 as Amended Pp ui+74 (Washington, DC United 
States Atomic Energy Commission, 1959 ) [186 
Boletim do Museu Nacional, Rio de Janeiro, Brasil Nova Series 
No 189 (Zoologia) Fauna do Distrito Federal 48 Contribuicao 
para a Estudo dos Longfcorneos do Rio de Janeiro (Coleoptera- 
Cerambyeidae) By D Zajciw Pp 26 No 190 (Zoologia) Contri- 
buicao ao Estudo da Fama Arciudae 6 — Mellamastus Gen Nov 
para Amastus Nero Weym , 1907 (Lepidoptera, Heterocera) By 
Alfredo Rei do Rego-Barros Pp 14 No 191 (Zoologia) Descricao 
de duas Especies Novas de Panchlora Burm , 1888 e Catalogo das 
Especies (Blattidae-Panchlorinae) By Isolda Rocha e Silva Albu- 
querque Pp 21 No 192 (Zoologia) Contribucao ao Estudo da 
Famiha Arctudae 7 Novo Genero e Nova Especie de Arctudae de 
Sao Paulo (Lepidoptera, Heterocera) By Alfredo Reo do Rego-Barros 
Pp 7 No 193 (Zoologia) Novas Especies de Coenosunae (Diptera- 
Muscidae) By Dalcy de Oliveira Albuquerque Pp 17 No 194 
(Zoologia) Contribuireao ao Conhecimento de Hylemyowes Albu- 
querque, 1949, com Descricao de duas Especies Novas (Diptera- 
Muscidae) By Daley de O Albuquerque Pp 12 No 195 (Zoologia) 
Tipos de Saturmowea no United States National Museum 13 Genero 
Adelowalkerrva Travassos, 1941 (Lepidoptera, Adelocephalinae) By 
José Oiticica-Filho Pp 15 (Riode Janeiro Museu Nacional, 1958 
and 1959 ) [186 
Food and Agriculture Organization of the United Nations Indo- 
Pacific Fisheries Council Proceedings—7th Session, Bandung, Indo- 
nesia, 13-27 May 1957 (Sections II and III) Pp 1v--218 (Bangkok 
D Secretariat, FAO Regional Office for Asia and the Far East, 


US Department of Commerce 
Publication 62-1 
v 4-66 
40 cents 


Coast and Geodetic Survey 
Tellurometer Manual By Austin C Poling Pp 
(Washington, DC Government Printing Office, 10000 
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NUCLEAR POWER AND ITS DEVELOPMENT 


IR JOHN COCKCROFT ıs réported to have 
expressed the opinion on April 26, that ın 1966 
some 25 per cent of the requirements of the United 
Kingdom for electricity would be met by nuclear 
generation, 50 per cent by 1975 and 100 per cent by 
the end of the century Questions asked m the House 
of Commons on June 8 indicate a disposition to allow 
political and social considerations to over-ride, if not 
distort, the technical and economic aspects, and there 
have been other attempts to make the effect on the 
coal industry the deciding factor im determmmg the 
development of nuclear power The implications of 
technological change have been ignored, as has the 
effect of development on the cost of electricity 
supphed by nuclear power-stations, which Sir 
Christopher Hmton stressed very strongly m huis 
Axel Ax son Johnson Lecture delivered at Stockholm 
on March 15, 1957 
In his reply on behalf of the Government, the 
Paymaster-General was emphatic that the programme 
for the development of nuclear energy m Britam over 
the next few years was arranged after careful con- 
sideration, and it certamly could not be upset on 
any temporary considerations An admurable broad- 
sheet, “Prospects for Nuclear Power" (No 431, 
March 1989), issued by Political and Economic 
Planmng, ıs well designed to remove musunder- 
standings and facilitate an objective approach to 
this problem, m which it is extremely difficult to 
separate at all sharply the technical and economic 
from the political and social elements Although the 
broadsheet 1s particularly concerned with the world 
position and Britain's export prospects, 1t meludes a 
Iuexd discussion of the impact of nuclear power which 
deserves to be widely read The brief paragraph on 
the position in the United Kmgdom poimts out that 
by 1966, when the dozen or so nuclear power-stations 
required to supply the target capacity of 5,000—6,000 
MW are m operation, the cost of the electricity 
generated should be almost competitive with that 
from other types of power-stations wherever sited , 
this answers the criticism implied im the questions 
in the House of Commons 
The broadsheet points out that by 1966 the nuclear 
power-stations will be supplying a quarter of the 
electricity used m Britam and doing the work of 
18 million tons of coal a year, and that ıt 1s estimated 
that the cost of generatmg electricity from the 
largest of the stations now under construction, that 
at Hmkley Point, will be between 0 59d and 0 66d 
oer kWh , compared with 0 53-0 64d for an up-to- 
Jate coal-fired plant The cost of electricity from the 
argest station now bemg built is competitive with 
shat from a high-efficiency coal-fired station built on 
the sarne site Moreover, for the later stages of the 
oresent programme, when all new generating plant 
may be nuclear, Britam 1s considering types of 
reactor that will be cheaper to build and more efficient 


to operate, as well as able to accept re-cycled 
plutonium to replenish the burnt fuels, and these 
types should produce electricity more cheaply than 
conventional plants Two such reactors are the gas- 
cooled heavy-water moderated reactor, and the 
advanced gas-cooled reactor an experimental 
version of the latter 1s already bemg built at Wind- 
scale 

These facts, which were essentially given by Sir 
lan Horobm in moving the second reading of the 
Electricity (Borrowing Powers) Bill on January 20, 
sufficiently display the tendentious character of the 
question to which Sir Ian rephed m Parhament on 
June 8 Tt should also be remembered that the 
high-temperature gas-cooled reactor 1s to be studied 
at Winfnth Heath, and the sodium-cooled fast- 
breeder reactor at Dounreay, both with the sub- 
sequent period m mind when reactors will be needed 
to take over an mereasmg proportion of the base 
load From the Dounreay reactor, to be 1n operation 
this year, will come the data necessary to enable 
fast reactors usmg plutonium fuel to be mtegrated 
with existing thermal reactors This will improve the 
burn-up of natural uranium to somewhere near the 
theoretical lmuit The reactor programme ıs also 
supported by large facilities for research and an 
extensive research programme, while production and 
fuel-processing facihties are also well developed m 
Britam, and capaerxties are sufficient to meet the 
needs of other countries Lord Mills, the Minister of 
Power, stated explicitly m the House of Lords on 
March 3 that the nuclear-power programme for 1964 
onwards had not yet been determmed 

This position, however, needs to be set agamst the 
general background outlmed in the PEP broadsheet, 
which stresses, too, the dynamic nature of the energy 
position, both nationally and mternationally, and the 
way m which non-economic influences often determme 
the most economical way of meeting demands for 
energy The great promise of nuclear energy 1s that, 
with ample resources of uranimum and thorium, and 
the lugh energy content of each ton of raw material 
which makes transport a neghgible factor, i6 will 
eventually provide all nations with an unlimited 
and virtually mdigenous supply of energy at an 
economic cost Although this les well mto the future, 
nuclesai energy should make an ummediate though 
modest contribution, particularly in Europe 

The factors which lmit this contribution must be 
carefully noted ın an objective assessment of the 
situation First, for technical reasons, nuclear fission 
reactors are only efficient when employed in large 
units The large amounts of electricity produced 
from each nuclear power-station can m the near 
future be generated at an economic cost only if they 
can be used to the maxunum ‘This 1s only possible 
where electricity systems are fully developed m a 
grid-nebwork such as an industrial area provides 
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Accordingly, nuclear energy 1s as yet unlikely to help 
under-developed countries, nor will 16 be suitable for 
some time for the direct production of heat where 
small units are normal In Europe, where fossil 
fuels aro expensive, nuclear energy should be com- 
petitive withm the next ten years for what 1s called 
base-load operation, that 1s, power-stations operating 
virtually all around the clock feeding electricity into 
the grid 

The second factor 1s that small coal ıs particularly 
suitable for powor-stations, and the proportion of 
small-coal production 1s continually growing as more 
coal ıs muned by mechanical methods This coal can 
only be burnt efficiently m very large plants and its 
use is thus almost confined to power-stations 
Criticism of Britam’s nuclear-power programme 
arises largely from this fact that nuclear energy 18 
suitable for the production of electricity only m the 
conditions to which the growing quantity of small 
coal 1s also suited 

The third factor 1s that production of electricity 
at a price competitive with conventional power only 
means an additional supply of electricity and not 
the mtroduction of a cheap new fuel Electricity has 
its own particular advantages, and its use in Britain 
1s continually growing , but it 1s not, at present costs. 
an economic substitute for other sources of energy 
for many purposes ‘The nuclear-power programme 
should enable those needs to be met more easily, but 
ib will not obviate the need for other fuels for these 
purposes Nevertheless, the development of nuclear 
energy holds great promuse, and Britain’s prompt 
star; has given her an early lead ın tackling the vast 
technical problems involved, and only the USSR 
and the United States have programmes at all com- 
parable ın size to the British Moreover, the British 
power programme, based on the gas-cooled natural- 
uranium reactor, 1s the only large-scale programme 
which 1s bemg carried out in a Western country, and 
the British type of reactor has been proved m oper- 
ation, having supplied electricity to the grid for some 
two years 

Nevertheless, the survey in Planneng of the pros- 
pects for British exports of nuclear power-stations 
and related fuel and equipment leads to the con- 
clusions that the prospects for British firms to export 
reactors are not so bright as they were once thought 
to be Nuclear power 1s mdeed regarded as the most 
helpful long-term. solution of the fuel problem m 
many European countries, and the principal countries 
are m a position to exploit nuclear power without 
too much difficulty They possess the necessary 
scientific and technical skills and the capacity to 
buld equipment, and they will therefore want to 
develop them own nuclear industry as fast as they 
can They may buy one or two reactors from other 
countries, as Italy has done, m order to gain experi- 
ence of operation and construction ; but after that 
they will probably do more and more of the work 
themselves ‘They are unlikely to set up them own 
fuel-processing plant, partly because of expense and 
partly because most European countries have no 
uranium deposits and are unlikely to obtain uranium 
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without some control against the production of 
plutonium France is the one country of Europe 
which will have a self-contained nuclear ndustry 

In the Scandmavian countries, and possibly m 
Spam and Portugal, competition 1s likely to be fierce, 
and although the Calder Hall power-station has 1m- 
pressed potential customers with the merits of the 
British type of reactor, steady and impressive pub- 
hleity 1s required Outside Europe, the first markets 
—for the next ten years at least—will be m Japan 
and India, but China is likely to be tied to Russian 
developments at first Several countries m Latm 
America might prove customers for the British type 
of large power-station reactor 

Whether British or American power reactors are 
bought—and these are the only countries at present 
offermg to sell power reactors and supporting the 
offer with a fuel service—the PEP broadsheet sug- 
gests that the future of the nuclear reactor export 
market ıs closely tied to a successful small reactor 
A cheap small reactor similar to that for moderately 
powered gas-turbme and diesel-powered generating 
sets could transform areas which are now under- 
developed Here, since British efforts have been 
concentrated on the Calder Hall type, Britain 1s less 
favourably placed than the United States to design 
reactors for special conditions Without the urgency 
of Britam’s fuel problems, the United States has been 
able to experiment with & wide variety of types of 
reactor, and this could prove an important advantage 
m meeting the future export demand for a small 
and flexible reactor system Besides this, the United 
States 1s at present the only country that can supply 
enriched uranium for reactors abroad 

Britam is now taking the prelimmary steps to 
enable her to meet the demand for small reactors, 
but ıt 1s possible that the Soviet Union, although 16 
has not yet been active m export competition, could 
also have an advantage over Britam in the matter of 
reactor types Nevertheless, the broadsheet points 
out, reactors are not the only product that can be 
exported The one part of the British power-reacto1 
which 1s not manufactured by mdustry 1s the fuel 
element The rest, meludmg ancillary equipment, 
such as turbines, generators, handling gear, pro- 
cessing equipment and control struments, are all 
the products of industrial firms Lord Mills, ıt 18 
true, has directed attention to the more lamited 
opportunities ın the near future for new consortia of 
firms with design teams trained by the Atomic 
Energy Authority and which would be capable of 
tendermg for the construction of complete nuclear 
power-stations , but at the same time, he emphasized 
the opportunrties for the manufacture of small 
reactors, including research reactors. 

Nuclear energy, as the PEP broadsheet puts it, 
means that there will be an increased demand for 
those products which British firms can supply as 
cheaply as any of ther competitors , but the pros- 
pects for British exports of nuclear reactors and 
equpment are not determmed solely by the com- 
petitive ability of British firms One dommant factor 
will be the political agreements that the Government 
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1s able to make Marketing nuclear reactors 1s not 
purely a commercial undertaking, for, as the broad- 
sheet duly notes, mternational politics are mvolved, 
and unless this 1s clearly understood British chances 
of building up an export trade will be small 

For this reason alone, 16 1s important that Britam 
should establish close and satisfactory relations both 
with the International Atomic Energy Agency and 
the European Organization for Nuclear Research, and 
also with Euratom—the European Atomic Energy 
Community and its six members A second factor, 
however, to which Planning does not direct attention 
18 that of scientific and technical man-power Al- 
though m the stricter sense this hes outside the scopo 
of the broadsheet, 1t ıs probably the ultimate factor 
on which the prospects for British development of 
nuclear energy depend Unless the resources of 
scientific and technical man-power in Britain are 
fully developed and effectively used, Britam is 
unlikely to be able to seize the opportunities that 
nuclear energy will brmg—even to secure all the 
advantages which rts development m Britain might 
offer to the economy of the country—still less to 
hold her own in the keen competition forecast m this 
broadsheet Nor ıs this sumply a matter of trammg 
sufficient scientists and technologists ıb ıs also a 
matter of seemg that they are wisely used, that our 
organization and admumustration of research are 
adequate and m balance, and that the administrators 
and statesmen called upon to handle the complex and 
interlocked technical, economic and social problems 
which the development of nuclear power will bring 
are competent to give due weight to all the scientific 
and technical issues, no less than to the economic or 
political aspects of the srtuation 

For some months Euratom experts have been 
drafting a new and realistic programme for the six 
member countries, takmg account of changmg oil and 
coal prices — Since the PEP broadsheet was issued, 
the report on this programme has been fimshed, but 
owing to disagreement at the top ıt has been with- 
drawn and is not to be published This disagreement 
has jettisoned Euratom's plans for all but the 1,000- 
megawatt programme being carried out with American. 
aid, and 16 18 obvious from the broadsheet that most 
of the chances open to British industry of tendermg 
for foreign nuclear power-stations have lkewise 
disappeared 

Sir Ian Horobin took a far more confident view in 
replying m an adjournment debate on the nuclear 
power programme m Britain m the House of Commons 
on July 1 He confirmed that latest figures gave the 
cost of electricity from conventional stations as 
0 5-0 65d a unit compared with 0 65-0 7d for 
electricity from nuclear power-stations, but he 
emphasized that the statement that nuclear energy 
to-day ıs 40 per cent more expensive than con- 
ventional power was based on a comparison of the 
cheapest possible coal and the dearest existing nuclear 
energy Su Ian suggested that the real difference ıs 
probably more lıke 15-20 per cent, and he pomted 
out that ın view of the 70 per cent rise m the price 
of coal over the past ten years ıt would have been 
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unrealistic to base policy on the assumption that 
coal would not be 5—7s a ton dearer than ıt 1s now 
He also thought that the price of uranium will fall 
when the present contracts expire and that this 
factor, with a further shght rise m the price of coal, 
15 likely to decrease the margm of 15-17 per cont 
against nuclear energy, and that the price of gener- 
ating electricity by nuclear energy 1s likely to touch 
that of generatmg by coal ın the late "sixties 

Sw Ian Horobin insisted that the British nuclear- 
power programme is a very carefully considered 
whole, and that ıt ıs probable that what may be 
called the Calder Hall type of reactor has several 
years of valuable development before ıt About 1961 
the advanced gas-cooled reactor should become 
eritical, and if this 1s successful the first commercial 
type may be m operation about 1965 The work 
done with the fast breeder reactor now being 
developed at Dounreay has been very successful and 
a period of low-power testing at Dounreay 1s expected 
to begin this summer If all goes well, we may hope 
to have thus type m operation by about 1970, and 
its low capital cost and its place m the balanced pro- 
gramme offer exciting possibilities, particularly in 
flexibility By that tıme a substantial number of 
stations of the Calder Hall type would be ın operation, 
all produemg plutonium We must bear in mind, 
Sr Ian said, the possibilty of a situation arising 
when ıt would be possible to build very much larger 
stations than omgmally conceived and that perhaps 
only about half a dozen more stations would come 
into the programme He repeated that we cannot 
afford to run any risk of completely unbalanemg the 
structure of the industry m Britam by interfering 
with the present programme When that programme 
1s complete, further decisions will be required, and 
although prelimmary consideration 1s being given by 
the Government to the subject, ıt is not thought 
tkat 1b 18 necessary to decide for a further year or 
two what stations should be built after 1965 It 1s 
very important, he said, that everyone should realizo 
that a nuclear-power programme on the scale of that 
in Great Britam must be a long-term, carefully 
balanced programme and that ıt cannot be inter- 
rupted in response to short-term considerations 
Britam ıs now the major cıvıl nuclear Power, and 
the need for thought and care in mvestment and 
design are correspondingly great 


DARWIN WITHOUT MODERN 
SCIENCE 


Darwin and the Darwinian Revolution 
By Dr Gertrude Himmelfarb Pp 1x+422 (London 
Chatto and Windus, Ltd, 1959) 42s net 


N adequate study of Darwm, hi scientific 

achievements, and the result of his work in all 
the fields of human endeavour which they have 
affected makes rigorous demands on the competence 
of whoever attempts to write such a book Dr 
Hummelfarb brings to her task a concentration of 
mterest and of effort, the former of which is passed 
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on to the reader by the sustained vigour and elegance 
of her style and the skill with which the book 1s 
constructed, while the mastery of her technique hides 
the laboriousness of the work mvolved 

She has read practically everything there 1s to read 
by Darwin and on Darwin, including manuscripts 
hitherto unpublished, and has subjected the material 
to lucid analysis 1m terms of the history of Darwin’s 
life, experiences, contacts with other persons, 
researches, results, doubts and behefs He 1s situated 
im his intellectual environment, his home life, his 
ailments real or umagined, and his place m history 
The social, scientific, religious, political and general 
public climates of his day are vividly portrayed, and. 
there can seldom have been a work of biography 
undertaken with such bibliographical care 

But while 1t would be difficult to exaggerate the 
excellence of this book as a contribution to the 
history of the events, ideas and arguments as a result 
of which Darwin produced his theory of evolution 
by natural selection, the case 18 altered when ıt comes 
to the evaluation of this theory m terms of the 
present state of scientific knowledge, because Dr 
Himmelfarb’s work is umbued with a relentless 
aversion to natural selection, pursued by means of a 
skilful and acute dialectic without reference or regard 
to the results of scientific research durmg the past 
fifty years Indeed, this 1s directly imphed by the 
statement (p 366) that "the present status of Dar- 
wiusm has not altered much since 1860, when 
Huxley pronounced 1t to be not an established theory 
but a tentative hypothesis" When she tries (p 368) 
to substantiate such a view to-day by quoting Wiliam 
Bateson, she gives herself away at once 

That the author is not fanuhar with, or prefers 
to ignore, the growmg edge of scientific knowledge 
by observation and experment during the past fifty 
years appears from statements such as the followmg 
(p 269) “In the experiments of Mendel and de 
Vres, new species appeared suddenly in the form of 
mutations" Mendel nether elaumed nor obtained 
any such results On the contrary, hus gemus lay 
in selecting for his experimental material strains 
which differed only m one or two characters differ- 
ences ummeasurably inferior to those of specific rank 
As for de Vries's ‘mutations’, 1t has long been recog- 
med, thanks primarily to the work of T H Morgan 
and his colleagues A H Sturtevant, C Bridges and 
H J Muller, that they are not mutations at all, but 
the results of & rare method of ‘sporting’ by perma- 
nently heterozygous straims technically known as the 
‘erossing-over of balanced lethals' 

When the author attributes to neo-Darwuuans the 
statement (p 270) that “only the smallest mutations 
could be favourable and that such favourable muta- 
tions were ın fact so rare a phenomenon that without 
natural selection not even a fruit-fly, let alone a man, 
could have developed", and concludes, “Thus it 
became the very paucity of variations, the very 
unprobability of thew concurrence, that was now 
made to tell m favour of natural selection’’, she makes 
the elementary and very outdated mistake of thmk- 
mg thet mutation is the only supply of variation 
[5 has long been known that recombmation of genes 
1s enormously greater as a source of supply of varia- 
ton than mutation itself, and ıt produces gradual 
change 

Dr Himmelfarb has not grasped the fundamental 
significance of the work of Sir Ronald Fisher, whom 
she calls “the mathematician” He showed, first, 
that natural selection of genes within the gene-complex 


NATURE 


August 8, 1959 vor 184 


1$ à universal phenomenon, which explains why the 
genes gradually become either dommant or recessive 
This 1s how evolution proceeds Mendelian genetics 
itself provides evidence of Darwiman selection He 
showed, secondly, that selection 1s so much more 
powerful than mutation, that no mutation can have 
the remotest chance of becommg a normal com- 
ponent of a population if there 1s the shghtest degree 
of adverse selection exerted agamst ıb He showed, 
thirdly, that as all organisms are tolerably well 
adapted to the conditions under which they live m 
ther present environment, the vast majority of 
mutations are bound to be deleterious to the organ- 
isms in the conditions under which they arise, and’ 
this proves that any attempt to explain evolution 
by an appeal to causes which might be supposed. to 
impart favourable qualities or directions to mutations 
through ‘mner feelings’, ‘élan vual, ‘urges’, or the 
transmission of somatic modifications, 1s killed stone 
dead at the start “Every theory of evolution which 
assumes, as do all the theories alternative to natural 
selection, that evolutionary changes can be explamed 
by some hypothetical agency capable of controlling 
the nature of mutations which occur, 1s mvolving a 
cause which demonstrably would not work even if 
ib were known to exist" The fact that wild species 
in Nature are highly heterozygous shows that mutant 
genes, subjected to adverse selection when they 
first arose, remain as recessives m the gene-pool, 
and function as a reserve which 1s drawn on when 
environmental conditions change, and some of these 
genes then become dommant by selection m the 
gene-complex, and established m the population It 
can also be shown that selection 1s exerted m favour 
of the heterozygous state per se 

Results such as these should find a place m any 
modern appraisal of the position of natural selection 
at the present stage of knowledge , but Dr Himmel- 
farb has preferred to say (p 276) that ‘Posing as 
a massive deduction from the evidence, ıb (natural 
selection) ends up as an ingenious argument from 
ignorance” The word “ignorance” is & double-edged 
‘weapon when it 1s used by an author without any 
indication of awareness of the experimental results 
obtamed by such distmguished scientists as E B 
Ford, © D Darlington, P M Sheppard, A J Cain, 
W H Dowdeswel, H B D Kettlewell or C H 
Waddington, to mention only those working m Great 
Britam. 

The intercalation of quotations from Darwin, 
labouring m his unavoidable ignorance of the prm- 
ciples of Mendelian genetics, to disparage arguments 
which have since been substantiated by the results 
of modern experrmentation m natural selection is 
regrettable When Darwin wrote & hundred years 
ago that “we are far too ignorant, m almost every 
case, to be enabled to assert that any part or organ 
1s so unimportant for the welfare of a species that 
modification ın its structure could not have been 
slowly accumulated by natural selection", he was 
quite correct, and 16 was merely tendentious for Dr 
Himmelfarb to say (p 276) that “three negatives 
do not normally constitute a positive" When Darwin 
went on to say that “1t would be extremely bold to 
maintam that no serviceable transitions are possible 
by which these (electric) organs mght have been 
gradually developed”, he was prophetic, as Dr 
Lissman’s researches have sınce proved The mitial 
stages m the evolution of flight in birds, colour-vision, 
or the whale’s adaptation for avoiding caisson- 
disease, to mention only a few additional strikmg 
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cases, have all been shown to be capable of conferring 
survival value from the inception of the improvement 

The statement (p 277) that "The eye is obviously 
of no use at all except in its final, complete form" 
completely 1gnores the comparative anatomy, embryo- 
logy and physiology of the lower chordates, which 
show how lhght-sensitive cells m the epidermis have 
been brought into place, from the surface of the 
skin mto the newal tube and then mto the retinal 
layer of the eye-cup, and are functional at each stage 
Dr Himmelfarb (p 279) accuses Darwin of invokmg 
the perfection of the eye at the same time as he 
quoted Helmholtz on the madequacy and mper- 
fection of the eye, but in the “Orgm of Species” 
(World’s Classics edition, p 190), Darwm wrote, 
“its marvellous yet not absolutely perfect charac- 
ters” What Darwin claimed was that natural 
selection confers wmprovement, and in the case of 
the vertebrate eye this is undeniable to anybody 
familiar with the visual organs in Amphioxus 

The statement that “the persistence without change 
of any forms over a long period of time 18 difficult 
to explam by natural selection" is particularly un- 
fortunate, because so long ago as 1878 T H Huxley 
pointed out that natural selection is the only mech- 
&nism that can account both for change and for 
stability, and as recently as 1952 E B Ford supplied 
the genetic explanation of this by showmg that the 
non-contamination of genes and the rarity of mutation 
produced stability, while the power of recombination 
of genes can produce endless variability, under the 
control of natural selection m each case 

"How can selection, knowmg nothing of the end 
or final process, function when the only test is 
precisely that end or purpose ?” asks Dr Himmelfarb 
(p 277) The experimental results of investigations 
on the evolution of mdustrial melanism in moths 
show how the selective takmg by predators of prey 
illLadapted to ther environment can be seen gomg 
on, and the intensity of the selection pressure can 
be measured with mathematical precision , mimetic 
resemblances m butterflies are ımproved and confer 
survival value m mathematical relation to the pre- 
valence of distasteful models, the method of cap- 
ture, marking, release and recapture enables the 
predátions by thrushes on snails of different colours 
to be correlated with the seasonal variation of vegeta- 
tion, and the longevity of different genetic types of 
moths to be measured m terms of concrete units of 
time That is how selection actually operates 

Astomshingly out of date 1s the statement (p 284) 
that “the entire discussion of sexual selection is 
anthropomorphic in 1ts basic conception, for whether 
the coloration of a bird 1s judged to be erther beautiful 
or monstrous, ıt ıs by human standards that the 
judgment ıs made” It ıs now quite clear that the 
‘beautiful’ and ‘monstrous’ colours in question, to 
which must be added structures, attitudes, and 
behaviour-patterns used m courtship, function, as 
Sm Juhan Huxley, N Tmbergen and many others 
have proved, as stimuh by which a threshold physio- 
logical condition in the partner ıs reached and a 
release mechanism set in motion There ıs no question 
of any anthropomorphic esthetic choice 

It 1s quite correct that many of the examples which 
Darwin thought conformed to the prinerple of sexual 
selection have smce been found to owe their origin 
to other than epigamuc causes, such as warning marks, 
recognitional or threatening defensive characters 
But some characters, as those of the male peacock, 
iuff, or argus pheasant, are good examples of the 
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sexual selection in Darwin's sense, as Sir Juhan 
Huxley showed more than twenty years ago, yet 
Dr Himmelfarb concludes (p 300) that “Sexual 
selection has all the faults of natural selection and 
more: the suspicious facility with which i6 can be 
made to explam anythmg and everything, the 
manipulation of evidence for whatever purposes are 
convenient, and the mvocation of ignorance when 
all else fails” Here, agam, the historical present 
tense 1s used, but there ıs nothıng to show that the 
author does not intend ıt to apply to the present 
and that the remaiks made represent the actual state 
of scientific knowledge 

Turnmg now to another discipline of science, we 
find Dr Himmelfarb statmg (p 271) that, “Geology, 
however, has been notably unforthcoming, and 
instead of bemg the chief support of Darwim’s theory, 
1b 1s one of 1ts most serious weaknesses" It 1s difficult 
to believe that such a phrase could have been written 
in 1959 for 1959 She goes on to say that “It might 
have been expected that m those cases where 
the geological record 1s more or less complete 
we would find closely graduated varieties of 
species existing at the beginning and at the close of 
the period ‘Yet even here we do not find such a 
graduated series" It ean only be concluded that 
she has not held in her hands the series of ammonites 
from Leparoceras through Androgynoceras, Amaltheus 
to Pleuroceras, demonstrated by L F Spath, nor 
the series of Micrasier demonstrated by D Nichols 
As for the series of horses, Dr Himmelfarb’s mforma- 
tion 18 not more recent than that of T H Huxley 
m 1870 Actually the fossil series of ancestors of 
the horse 1s now so good that George Gaylord Simpson 
has been able to measure the time required for the 
conversion of a species into another and the length 
of life of a species (two millon years in horses) T $S 
Westoll had done the same for fish, which evolve at 
different rates Simpson was also able to show that 
the geological record m some places ıs so good. that 
1t 1s now possible to calculate the degree of variability 
of fossil species and to prove that ıb 1s not correlated 
with them evolution-rate This 1s further evidence 
that natural selection, not mutation, controls the 
rate and direction of evolution 

The statement that the geological record is one 
of the most serious weaknesses of Darwim’s theory 1s 
ridiculous Even in his day, the Mesozoic mammals 
of the Stonesfield Slate had been discovered, and 
that most beautiful of all known fossils, Archaeo- 
pterya, was known, showing such a perfect transition 
between the reptilian and the avian stages of that 
hno of evolution that ıt can be regarded as ancestral 
to all later bmds It also demonstrates the way in 
which one vertebrate class become converted mto 
another, by piecemeal transformation of bits of the 
body one by one, a process called mosaic evolution 
Other examples of representatives of precursors are 
Jamoytvus between the lowest chordates and the 
fishes, Ichthyostega between fishes and amphibta, 
Seymouna between amphibia and reptiles, Icéedo- 
suurs between reptiles and mammals, Australo- 
puhecus between apes and man All these, and 
countless others, are a strikmg vindication of Darwin’s 
views 

The sudden appearance m the geological record of 
representatives of important groups (such as the 
gastropods or vertebrates) 1s no fly in the omtment 
of Darwin’s theory, and ıt receives a logical explana- 
tion from the obligatory rarity of tentative muitial 
types, and from the prmoeiple of ‘clandestine evolu- 
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tion’ of young stages without hard parts and there- 
fore not preserved as fossils until they became adult 
in ther new state As for the abrupt appearance of 
fossils ın “the lowest fossibferous strata", the number 
of fossils discovered in Pre-Cambrian deposits goes 
on mcreasmg and now includes algae and fungi in 
which eight ammo-acids could still be recognized 
although they are 1,700,000,000 years old 

Dr Himmelfarb states (p 310) that chemists 
showed that all the pieces of the ‘Piltdown find’ 
revealed the same fluorme content This was not 
the case Tho earliest estimations by K P Oakley 
and C R Hoskins showed fluorme percentages vary- 
ing from 3 1 to less than 0 1, estimations correct to 
within a range of +01 This proved that all the 
‘specimens’ were not Lower Pleistocene Subsequent 
estimations by more refined methods showed that 
the latest of these were not even Upper Pleistocene 
But if Dr Himmelfarb really thinks that the exposure 
of the Pilidown fraud ''leaves the theory (of evolu- 
tion), after a century of search, without the much 
desmed link”, Proconsul, Australopithecus, Pathe- 
canthropus and Neanderthal man are there to bear 
witness to what Sw Wilfrid Le Gros Clark has demon- 
strated from them about the so-called ‘much desrred 
Imk' 

If ever the cult of personahty should attempt to 
invade science, 1t would cease to be science, and if 
scientists hold Darwin m honour to-day, 1t 18 because 
the evidence, all the evidence, and nothmg but the 
evidence provided by the observations and experi- 
ments of biologists who have undertaken research 
in this field, has shown that the natural selection of 
mutant and recombmed genes ıs the mechanism 
whereby the evolution of plants and animals in 
Nature has been brought about 

GAVIN DE BEER 


THE FAITH OF A REALIST 


Blaise Pascal 

The Life and Work of a Realist By Ernest Mortimer 
Pp 240+4 plates (London Methuen and Co, Ltd , 
1959) 21s net 


UCH of Pascal's work, and several books about 
X him, are readily available what ıs not so 
easy to obtain 18 an assessment of his place m history 
in keeping with the pedestal upon which his fellow- 
countrymen are nearly unanimous m placmg him 
Furthermore, to find an answer to the question as to 
how much he means to us to-day 1s assuredly a re- 
warding task These things the author has done and 
the result ıs a notable achievement Pascal emerges 
as a character of gigantic mtellectual and spiritual 
stature, weak of body, mdomitable of will, and 
relentless m his quest for truth 
In the present context, we may perhaps leave 
aside the well-known facts of his mathematical 
genius, his contacts with great minds like those of 
Descartes, Fermat and Desargues, and concentrate 
upon his theory of knowledge (Chapter 11), which 
developed from the mtense strife gomg on withm 
him, and which burnt itself out as a consuming 
fire Pascal was no mere dreamer, but on the con- 
trary passionately concerned with makmg things 
work Hos technical skill, if he were ahve to-day, 
would lft him to the summit of electronic comput- 
ing, and to the highest triumphs of cybernetics and 
servo-mechanisms In this sense, he was a realist , 
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his faith transcended it, however, as he reached out 
towards that greater truth only to be found m 
charity 

It 1s from some such position as this that we can 
best approach Mr Mortimer’s treatment of Pascal’s 
theory of knowledge, for 1t 1s essentially here that the 


present volume finds much of 1ts rason d'étre Here 
too 1s Pascal's message for the world to-day 
The central concept is that of le ceur By this 


Pascal did not envisage something “‘cardiac rather 
than cerebral" He uses the phrase to cover a species 
of synthesis, a type of thought m which analysis 
gives place to cognition It seems as if this came" 
out of a state of mind akm to despair, m that, for 
example, the propositions of Euclid needed accept- 
ance of something "given" before any progress could 
be made, and thus real knowledge could never be 
obtained In this, he was m effect anticipating Godel s 
theorem, and the failure of Hilbert to construct a 
consistent system of mathematics purely mathema- 
tically But for Pascal, truth 1s not apprehended by 
reason alone, which can only yield statistical pro- 
perties 

Mr Mortimer 1s at pams to point out that Pascal 
did not draw this inference himself, ıb 1s never- 
theless the gist of his whole argument Here mdeed 
is a startlmg preview of twentieth-century science, 
quantum theory, operationism and all Nevertheless, 
the part to be played by le cæur remains, and ıt 
stands supreme if we are to ‘know’ the world around 
us But what 1s ıt, if 16 1s not rational knowledge ? 
Pascal grves his answer—‘‘Le cœur a ses raisons, 
que la raison ne connait point" Metaphysics may be 
out of fashion at the moment 1t looks, how- 
ever, as if the faith of a great realist may have 
elevated such a discipline to a position otherwise 
unheeded 

As people exclarmed ın another setting altogether, 
“We have seen strange things to-day" The author 
has written a book modest m compass but great m 
concept He bas brought Blaise Pascal, his tempests 
stilled at the last, into the centre of contemporary 
thought FIG RAWLINS 


ENZYMES—KINETICS AND 
CHEMISTRY 


Behavior of Enzyme Systems 

An Analysis of Kinetics and Mechanism By John M 
Remer Pp xu+317 (Mmneapolis, Minn Burgess 
Publishing Company, 1959) 6 50 dollars 


Proceedings of the International Symposium on 
Enzyme Chemistry 
Tokyo and Kyoto, 1957, organized by the Science 
Council of Japan under the auspices of the Inter- 
national Union of Biochemistry (IU B Symposium 
Seres, Vol 2) Pp 541 (Tokyo Maruzen, 1958) 
np 
ET Dr Remer speak for himself In his foreword 
addressed to “Timid Souls" he writes, “The 
foremost purpose of this book, accordingly, is To 
make 16 possible for anyone to begm the book know- 
ing substantially nothing, and to fimsh 1t an expert 
for all practical purposes” This is a bold ambition, 
even when restricted to the field of enzyme kinetics 
A major adverse criticism of this book 1s, 1n the review- 
er's opinion, the almost complete lack of reference to 
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published expermmental work , one has to turn many 
pages before one can see even the name of an enzyme 
and there are virtually.no numerical data given 
Dr Remer’s ideal reader, the ignorant but intelligent 
man,- but one, nevertheless, longmg to learn, would 
find himself bewildered by reality Putting these 
criticisms aside, this book 1s a serious piece of scholar- 
ship, and provides a useful mtroduction to tho theory 
of enzyme kinetics 

In contrast to Dr Remer’s solo performance, the 
Proceedmgs of the International Symposium on 
Enzyme Chemistry, relatmg to a conference which 
took place m Tokyo and Kyoto m October 1957, 
contams contributions from 228 authors Apart from 
four special lectures delivered by Profs Chance 
(“Cytochromes—therr Nature and Function m Living 
Cells”), Engelhardt (“Enzymology and Mechano- 
chemistry of Tissues and Cells”), Lynen (*Phos- 
phatkreislauf und  Pasteur-Effekt") and Tamiya 
("Ihe Koj, an Important Source of Enzymes in 
Japan”), the Proceedmgs are divided mto four 
sections 

The first section covers the mechanisms of 
enzymatic group transfer, the second, enzyme 
systems of hydrogen, oxygen and electron transport, 
the third, the formation of proteins and enzymes, 
and the fourth relates to enzymes and industry 
(interpreted to mclude pharmacology) Many of the 
contributions are, in effect, short reviews (2-10 pages) 
of specialized topics, supplemented with what was 
in 1957 new experrmental material. These articles are, 
m general, of a high standard and are, in the main, 
very readable 

The title given to the Conference m no way 
restricted the range of topics , enzyme chemistry was 
taken to include any reaction catalysed by enzymes 
m animals, plants and micro-organisms Papers 
dealing with the action of thyroxme on isolated 
animal mitochondria and the role of chlorophyll in 
photosynthesis occur m the same section 

The majority of contributions are m English, a 
few in German and even fewer ın French Almost 
inevitably some of the papers, from veterans of 
international conferences, have appeared ın substan- 
tially the same form before or since 

J B CHAPPELL 


CHEMISTRY OF PHOSPHORUS 


Phosphorus and Its Compounds 

By John R Van Wazer Vol 1 Chemistry Pp 
xni4-954 (New York Interscience Publishers, 
Inc , London Interscience Publishers, Ltd , 1958 ) 
208s 


dq volume must be unique, for ıt gives m wide 
scope and considerable detail an account of the 
structure, the physical and chemical properties, and 
the chemical reactions of phosphorus and all 1ts main 
classes of compounds, both morgane and organic 
It 1s also outstanding, not only for the wide range of 
the modern scientific mformation which 1s so clearly 
presented, but also for the historical background of 
this mformation each mai topic has a historical 
introduction, so that, for example, the discussion of 
the structure of one class of compound may range 
from a brief review of the theories of a century ago 
to & more detailed discussion of the most recent 
evidence supplied by nuclear magnetic resonance 
spectra 
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The first two chapters deal respectively with the 
nuclear and atomic structure of the phosphorus atom, 
and with interaction between atoms the second 
chapter discusses m detail bond-energies and lengths, 
dipole moments, polarity of molecules, ionic radu, 
etc The followmg chapters discuss in turn various 
classes of phosphorus compounds The detailed 
information available may be assessed from the 380 
pages devoted to phosphoric acid and 1ts compounds, 
divided into five chapters on condensed phosphates, 
orthophosphoric acid, cham phosphates, rmg and 
branched phosphates and amorphous phosphates, 
respectively This treatment ranges in these five 
chapters from the physical and chemucal properties 
of phosphate minerals on one flank to those of the 
nucleic acids on the other "Throughout the book the 
constant comparison of the properties of the purely 
inorganie compounds of phosphorus and those of 
ther organic substitution products makes fascinatmg 
reading, and may well serve both to widen and to ro- 
adjust the mental balance with which morganie and 
organic chemists have hitherto m their different ways 
assessed the chemistry of phosphorus 

In the preface, the author makes an eloquent plea 
that the present division of descriptive chemustry 
mto two parts, organic and inorgame, should now 
be widened to include a third part, namely, phos- 
phorus chemistry Many chemists will shrmk from 
this suggestion, but 15 must be admitted that although 
phosphorus chemistry contams, on one hand, a num- 
ber of reactions which can be regarded as normal 
reactions of morganie compounds, and on the other 
hand many reactions typical of organic compounds, 
there les ın the centre a host of reactions and aspects 
of bebaviour which are peculiar to phosphorus The 
same statement might possibly be made of the chem- 
istry of every non-metallic element, but the specific 
chemistry of phosphorus is, m its range and nature, 
much greater than that of any other element except 
carbon This quality is one of the major factors 
underlying the vast increase in the academic and 
technical mterest in phosphorus chemistry which has 
occurred during the past twenty years 

The price of this book may appear high by Enghsh 
standards, but the volume contams an immense 
amount of mformation, liberally illustrated by X-ray 
structure diagrams, phase-rule diagrams, etc , and by 
a wealth of valuable tabulated material The final 
three appendixes list ın turn phosphate mmerals (40 
pages), giving details of each, based largely on Dana’s 
“System of Muneralogy”, smgle bond energies 
and distances with electronegativity differences, 
and thermodynamic data on the compounds of 
phosphorus 

The book, however, 1s emphatically not a mere 
catalogued compilation of facts In spite of the size 
of the book, the author has mamtaimed to the end 
a critical treatment of the material under discussion, 
and this treatment, combined with the author's 
pleasant and lucid style, gives the book a personal 
flavour which heightens the reader's mterest through- 
out the volume 

The publishers are to be congratulated on the 
general format and prmtmg of the book, and in 
particular for printing references at the bottom of 
pages, where they can be mmmediately noted by the 
reader, instead of prmtmg them in a vast huddle at 
the end of each chapter 

The book will be appreciated by all types of chem- 
13b, mnorganie, organic, physical and phosphoiie 

F G MANN 
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Suggestions to Authors of the Reports of the 
United States Geological Survey 

Fifth edition Pp xu+255 (Washington, DC 

Government Printing Office, 1958) 1 75 dollars 


N the eighty years that have passed since the 

foundation of the United States Geological Survey, 
more than 3,500 volumes of scientific and technical 
literature and more than 20,000 different maps have 
been published under its auspices—an output far 
surpassing that of any other geological mstitution 
in the world Throughout this long histoiy, con- 
tmuous efforts have been made to promote lucidity, 
consistency and uniformity ın these publications, and 
the code of practice established by the Survey for 
its authors, first published ın 1909, has found wide- 
spread use outside official crrcles The much enlarged 
fifth edition of this manual outlmes the successive 
literary steps which a geologist-author will normally 
take from the begmning of an mvestigation to the 
final proof-reading of his text, maps and illustrations 
It advises on matters of ethics and professional 
etiquette, enumerates the requirements of a well- 
prepared manuscript, deals at length with questions 
of typographical style, and gives a great deal of 
detailed mformation on the form and content appio- 
priate to reports of various kinds More than 50 
pages are taken up with sensible advice on composi- 
tion and expression, formmg a sort of “A B C of 
Plam Words" directed specifically at geologists Not 
all the suggestions will be acceptable to British 
readers, who may be somewhat puzzled by the 
preferred use of ‘geologic’ and comparable ‘-1c’ 
endings ın a country with a Geological Survey and a 
Geological Society But there is no similar 
guide produced on the eastern side of the Atlantic , 
and, with appropriate warnings, the work could 
profitably become prescribed reading for all post- 
graduate students of geology, as a brake on the 
present over-production of 'geologese' 

C. F DAVIDSON 


Causes de la Répartıtion des Etres Vıvants 

Paléogéographie, Biogéographie Dynamique Par 
Raymond Furon (Evolution des Sciences, No 10) 
Pp 168 (Paris Masson et Cie, 1958 ) 1,000 francs 


HIS book ıs well described by 1ts author, m his 
preface, as “ce petit livre de ‘morceaux choisis’ 
n'est done dans mon esprit qu'une esquisse de ce que 
pourrait être un beau livre qui n'existe pas un 
Traité de Biogéographie", for 1t touches upon 
almost every aspect of rts subject Unfortunately 
the touch 1s too light to permit the suggestion of 
solutions to the many problems 1t describes, and this 
almost inevitably excites, rather than calms, the 
doubts that haunt most biogeographers as to whether 
the chaos of facts with which they are confronted can 
ever be reduced to final order 
Moreover, so vast a subject can be compressed 
within the hmits of a single short book only by the 
most careful and balanced selection of mformation, 
and of the sources from which this comes, and 1n this 
respect also the book leaves more than a little to be 
desired 
With the author’s mam conclusions, that the 
present distribution of organisms chiefly reflects the 
catastrophic consequences of the Pleistocene glacia- 
tions, and that to understand the history of the living 
world its distribution in the Tertiary must be recon- 
structed, few biogeographers will disagree They 
are likely to agree also that paleogeography and 
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paleontology are the keys to this reconstruction, but 
they are likely to feel some disappomtment that an 
author so well qualified to comment on these par- 
ticular aspects of the matter does not give a clearei 
lead as to how they may be more profitably pressed 
into service 

The great value of the book 1s as a source of much 
useful, and not mfrequently unusual, factual nfor- q 
mation, and as such ıb can be recommended to all 
who are mterested ın the distribution of plants and 
animals RowArp Goop 


Die Banderschnecken 
Eme Studie zur Evolution der Tiere Von Prof Dr 
F A Schilder und Dr Maria Schilder Schluss Die 
Banderschnecken Europas Pp 1v+93-206 (Jena 
Gustav Fischer Verlag, 1957 ) Broschiert, 30 30 D M 

N this third and final part of ther monumental 

work on polymorphism m the banded snails 
(Cepaea), Prof F A and Dr Maria Schilder have 
tried to give an account of the variation m all parts 
of the ranges of the four species, and to draw some 
evolutionary conclusions The booklet contains 
much useful information but suggests that such a 
task requires many more workers The maps 
summarizing the data may be adequate for some areas 
of Germany, but 15 1s well known that the proportions 
of the different colour and banding forms can vary 
greatly between adjacent colonies, for some large 
areas far too few colonies have been investigated 
for any reliance to be placed on mean frequencies 
from them as truly representative 

The conclusion reached 1s that the different forms 
m the polymorphisms have spread out from centres 
of special abundance Lamotte’s work 1s quoted as 
proving that visual selection by predators can never 
be of mnportanee The authors seem unaware of 
published criticisms of both Lamotte’s conclusions, 
which are certamly mvald for Britain, and of their 
own inferences from their previous work on Cepaea 
They combine data from colomes for making infer- 
ences about selection, although some at least of those 
colonies are in disturbed habitats and certainly not 
m genetical equilibrium with ther environments 
The composition of such colonies m relation to their 
habitats need give no indication that selection of any 
sort 18 acting, even though in fact 16 may be very 
strong ‘The data are given only to the nearest 10 
per cent, and are too inaccurate for re-working 

A J Cain 


The Sea-Horse and Its Relatives 
By Gilbert Whitley and Joyce Allan Pp 1x+84 (Mel- 
bourne Georgian House, Pty , Ltd , 1958 ) 30s net 
PART from a cosy introductory chapter which 
oozes with unsubstantiated sentimentalities, 
Whitley and Allan’s book will be of value to mter- 
ested ichthyologists as well as the children for whom 
ibis primarily intended Besides an account of the 
lore and legends of sea-horses, there are good deserip- 
tions of the structure, behaviour and reproduction of 
this remarkable fish which Sir J Arthur Thomson 
once described as the “most ‘kenspeckle’ creature of 
theses" The systematics of the sea-horse show that 
about a hundred species have been recorded, and these 
are distributed over four genera About half the book 
18 concerned with these and the rest with pipe-fishes, 
trumpet fishes, flute-mouths, bellows fishes and 
razor fishes These, like the sea-horses, are illustrated 
by some remarkably fine drawmgs, most of which have 
been prepared by the authors T H Hawkins 
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RADIATION OBSERVATIONS WITH SATELLITE 1958; OVER 
AUSTRALIA 


By Dr A J. HERZ, Dr K. W OGILVIE and J. OLLEY 
The FBS Falkiner Nuclear Research Laboratory School of Physics*, University of Sydney 


AND 


R B WHITE 


Radio Research Board, Commonwealth Scientific and Industrial Research Organization, 
University Grounds, Sydney 


E June 1958 the School of Physics of the University 
of Sydney received a cabled request from the 
Academy of Sciences of the USSR asking for help 
with the recording of signals from Sputnk III 
(195882) As a result of this request, signals from 
many transits during July and August were recorded 
with equipment kmdly put at our disposal by the 
Radio Research Board of the Commonwealth 
Scientific and Industrial Research Organization 

Unfortunately, details of the instrumentation 
aboard the satellite and of the code used did not 
reach us until late September 1958, and even now 
we do not have all the mformation needed for a 
complete analysis of the data We believe, however, 
that our results are of sufficient mterest to be reported 
at this stage 


Description of Apparatus 


It ıs now well known" that among the equipment 
carried by Spuimk III ıs a scintillation counter 
Because of the large size of the crystal (a cylinder of 
sodium iodide, 40 mm high and 39 mm im diameter), 
the detection efficiency for low-energy photons 1s 
high, and fast charged particles give very large 
pulses, corresponding to the loss of several MeV or 
more In particular, the counter responds with high 
efficiency to bremsstrahlung photons emitted as the 
result of the absorption of electrons with energies of 
about 100 keV which collide with the sputmk 

A block diagram of the photon counter and its 
associated telemetering apparatus is shown in Fig 1, 
and Fig 2 gives the pattern of the signals The 
second and third pulses carried the 
information from the scintillation 
counter We do not know what 
information the first pulse carried 

Fig 11s largely self-explanatory 
The anode current of the photo- 
multipler 1s integrated and fed to 
a bistable circuit which switches 
relay A at mtervals corresponding 
to a loss of energy ın the crystal of 
2 x 10° eV! The current to the 
seventh dynode similarly controls 
relay C, which switches at mtervals 
corresponding to an energy loss of 
18 x 10? eV In addition, the 
last dynode was connected to a 
scaler which controlled the switch- 
ing of relay B 


Photomultiplier 





—— — ———— .g3ms 


* Also supported by the Nuclear Research 
Foundation within the University of Sydney 






Marker 








Table 1 POSITIONS OF 195862 DURING OBSERVATIONS 
Epoch Tıme Altitude | Latitude | Longitude 
(UT) (km ) 
July 19 86806 2050 1,805 268°S8 |1489*E 
uly 19 87431 2059 1,758 479°S |1637 E 
July 23 81250 1929 1,798 23 0S |185818"E 
July 23 81389 1932 1,807 27998 |1537 E 
uly 30 74514 1753 ,794 206°S |1465" E 
July 30 74861 1768 1,800 32 9°83 |15365"E 
Aug 4 70550 1656 1,792 273°S |1469 E 
Aug 4 70764 1059 1,780 34 0*8 |1509 E 





At the time our observations were made, the 
scaling circuit had ceased to operate so that relay B 
remained in. a fixed position throughout So channel 2 
(the second pulse) transmitted information about 
the position of the anode-current relay A, and channel 
3 about the seventh-dynode-current relay On most 
of our records the marker and the first-channel pulse 
are missing as part of the modulatmg equipment was 
operating only intermittently, but the data given ın 
this report are all taken from records m which all 
the pulses are present 


Positions of the Satellite during Observations 


The positions of 195832 used by us were calculated 
with the aid of the elements of the orbit published 
by the Smithsonian Institution, and with an orbital 
period found from a least-squares fit to the transits 
observed at Sydney 

Tho results of these calculations are given in 
Table 1 and displayed m Fig 3 
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Figs 1 (above) and 2 (below) 
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Fig 3 


Results and Conclusions 


The rates of energy loss in the crystal durmg our 
five recordmg periods are plotted as function of tme 
(uT)im Fig 4 Combmmg these with the positions 
of the satellite (Fig 3 and Table 1) we find a mmimum 
of radiation mtensity at a geographic latitude of 
about 35? S The imtensity appears to increase by 
an order of magnitude when the latitude changes by 
approximately ten degrees on either side of this 
minimum Srimuilar observations over Australia, made 
with satellite 1958s (Explorer IV), have been reported 
by Van Allen e? al *, who suggested that these mmima 
correspond to outward-projectang ‘horns’ im the 
contours of constant radiation intensity The 
minima can presumably be interpreted as the gap 
between the mner and outer radiation belts which 
have recently been discovered by means of the 
Russian artificial planet* and by Van Allen and 
co-workers using the American lunar probes 
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Om data also suggest a time variation in the 
radiation intensity the mean intensity durimg the 
first part of the transit of July 19 (see Fig 4) 1s 
about five times the mean for August 4 although the 
satellite moved through almost exactly the same 
region in the two cases We do not know whether 
the distribution of absorbing matter around the 
scintillator 1s such that tumblng of the sputnik could 
cause such large fluctuations , but, m any event, we 
do not believe that the fluctuations are so caused 
since our observations of the signal strength suggest 
a tumbling period not greater than about 40 sec — 
much less than our intervals of observation 

We tentatively conclude that the mtensity of 
radiation m the region observed may show very 
considerable variations with time This may be of 
particular significance as the region m question 
straddles the gap between the two radiation belts 

Our remamung conclusions concern the ratio of 
the switchmg rates of relays A and C It appears 
to us that the telemetering ‘equipment was not 
designed to handle the high switchmg rates, especially 
of relay A, which corresponds to the intensities 
of radiation encountered by the satellite The 
switching rato of relay A almost always overloaded _ 
channel 2 during our periods of observation We 
were, however, able to obtam adequate data on the 
rates of loss of energy through channel 3—these are 
the ones plotted in Fig 4 

When & largo charge passes through the later 
stages of a photomultiplier, 15s anode-current response 
becomes non-lnear, and for extremely large flashes 
of light the current from the dynodes also becomes 
a non lmear function of the hght mput The ratio 
of the switching rates of relays A and C therefore 
depends on the average magnitude of the hght flashes 
at low counting rates, and on the average hght out- 
put from the scintillator at counting rates so high 
that the interval between the individual events in 
the crystal ıs less than the decay time of the hght 
pulses (about 5 usec in sodium iodide) According 
to Vernov et al! the ratio of the switching rates of 
relays A and C 18 9. lif the photomultipher operates 
in the linear region of its response curve, i6 will be 
less 1f an appreciable number of the pulses 1s caused 
by particles which lose large amounts of energy in 
the crystal, and ıt will also be less if the number of 
photons detected ın unit time is extremely large 

It was therefore of mterest to try to find values 
for the switching rate of relay A, and we were able 
to do this as we explam im detail below The results 
show that the ratio of the switching rates was of the 
order of 4 1, with fluctuations m the range 38 1 
to 6 1 Individual results are shown m Table 2, 
they suggest that the ratio decreased with time As 
we have no information about the response curves 
of the apparatus we cannot draw conclusions about 
the nature of the radiation from this 


Table 2 THE RATIO Pol», 








: Epoch Time (UT) PolDs 

July 19 86806 to July 19 87431 2050 to 2059 50403 
July 23 81250 to July 23 81389 1929 to 1932 44401 
July 30 74514 to July 30 74861 1753 to 1758 8394402 
Aug 4 70556 tọ Aug 4 70764 1656 to 1659 80202 





Recording Method 


The receiving aerials were two horizontal dipoles 
placed at might angles to each other Each dipole 
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Fig 5 


fed a communications receiver, and the rectified 
signals from the second detectors were further 
amplified by two separate d c amplifiers The two 
outputs were then summed by a resistive mixing 
network and the resultant was applied to the 
deflecting plates of a cathode-ray tube The spot 
was photographed on 35-mm film moving perpen- 
dicular to the direction of deflexion at a speed of 
0 6 m/sec (1 52 cm /sec ) 


Characteristics of the Signal 


A sample of one of our records, showing complete 
pulse trains with marker pulses and first pulses, is 
given m Fig 5 The pulse-lengths were measured 
with the aid of a travelling microscope A sample of 
& pulse-length distribution (for the transit of July 23) 
1$ shown m Fig 6 

The various combinations of positions of relays A, 
B and C lead to pulses of nommal lengths 50, 100 
and 150 usec ! which we designated ‘short’, ‘medium’ 
and ‘long’ As the position of relay B was fixed, the 
second-channel pulses were either long or short, 
depending on the position of relay A only, and the 
channel-3 pulses were of either short or medium 
length It ıs clear from Fig 6 that m both channels 
there occurred a number of mtermediate-length 
pulses these were caused by tho switchmg of a 
relay while a pulse ıs being transmitted 

With the aid of time markers recorded on the film 











we were able to measure the pulse-lengths The 
results are given m Table 3 
Table 3 LENGTHS OF PULSES AND PULSE TRAINS 
Nominal value* Measured. 
(m sec ) (m sec ) 
Short pulses 50 69 + 8 
Medium pulses 100 115 +8 
Long pulses 150 161 + 10 
Pulse train including marker 1,230 1,210 4 30 





* Vernov et al (ref 1) 


Analysis of the Records 


In the system of teleometermg used, the positions 
of the relays are sampled at regular mtervals of 
1 23 sec (the cycle-length) A change in the length 
of the appropriate pulse occurs whenever the number 
of switchmgs durmg the precedmg cycle was odd, 
no change 1s found when the number of switchings 
was even Ifa relay is switched during transmission 
of the pulse the length of which ıt controls, a pulse 
of intermediate length occurs 

If the relay 1s switched at intervals which are large 
compared with the length of the sampling cycle, 
every switching results in a change of pulse-length 
Common sense suggests that the converse 1s also 
true that changes m pulse-length at mtervals large 
compared with the cycle-length denote an equal 
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number of switchings, each of which occurred durmg 
the cycle immediately precedmg the change Al- 
though not strictly true, as we shall see below, this 
turns out to be almost always correct 

For more detailed analysis we plot (Fig 7) the 
interval between pulse-length changes as a function 
of the mterval between switchings of the relay It is 
clear that if the interval between switchmgs were 
really constant, and if there were no additional 
information, we should not be able to deduce a 
unique value of the switching frequency from the 
observations of changes 1n pulse-length Fortunately, 
however, the mtervals fluctuate, and we have other 
data as well 

The published information shows that 1f the photo- 
multipher ıs workmg im the hnear region of its 
anode-current characteristic, the ratio between the 
switching rates of relays Æ and CO 1s 9 1 Over- 
loading cannot increase this ratio, so that we accept 
only those pairs of switchmg rates which have ratios 
of 9 lorless Secondly, as Fig 7 shows, the lengths 
of the mtervals between changes are very sensitive 
to changes in the switching rate when there is more 
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we could not obtain information 
about the rate of switchmg 
from the average magnitude of 
these mtervals alone How- 
ever, for the reasons discussed. 
earher we felt ıt worth while 
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to try to estimate the switching 
frequency of relay A 

The possible values of the 
interval p between switchings 
can be obtamed from Fig 7, 
and the smaller values of the 
intervals pa (between the 
switchings of relay A) can 
usually be eliminated because 
of the requirements that the 
ratio polpa cannot be greater 
than 9 1 In most cases we 
were still left with several 
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which a choice had to be made 
using the patterns of pulse 
sizes m both channels 

Two additional pieces of 
information helped us here 
First, the ratio of the switchmng 
rates is not likely to show 
violent discontmuous changes 
Secondly, ın spite of fluctua- 
tions, there will be a brief 
series of equal-width pulses 
(no changes) whenever the 
number of switchings per cycle 
is nearly equal to an even 
integer (p = l/n cycle lengths 
where n 1s even) Whenever 
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Yp be a series of pulse-length 
changes every cycle This 
effect, though not very pro- 
nounced, ıs clearly observ- 
able 

In our analysis we used 
a graphical method of display, 
of which we show examples 
in Figs 8 and 9 Along 
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than one switching per cycle In the presence of 
fluctuations 16 18 thus quite unlikely for high switching 
rates to give rise to long successions of pulses of equal 
sıze, that ıs, to consistently long intervals between 
changes in pulse-length We conclude that if the 
mtervals between pulse-length changes are con- 
sistently longer than the sampling cycle, the fre- 
quency of the changes is equal to the switchmg 
frequency of the relay concerned Durmg most of 
our observation time the less-sensitive channel 3 
operated in thus way so that we could deduce the 
radiation intensity directly from the frequency of 
‘pulse-length changes ın 16 

With one exception, at 1758 UT on July 30 (see 
Fig 4), the mtervals between the switchmgs of relay 
4 m channel 2 were always less than the length of 
the sampling cycle The intervals between pulse- 
length changes thus rarely exceeded two cycles, and 


z= 
205» changes in pulse-length, while 
the ordmate gives for every 
change the tıme elapsed since 
the immediately preceding one 
We also indicate on the diagrams our estimated 
values of pa and po and of the ratio po[p4 The 
intervals p are measured m umts of one cycle- 
length 

Fig 8 shows the record correspondmg to our lowest 
detected radiation intensity the only case when we 
found pa to be undoubtedly greater than unity It 
can be seen clearly that po/pa 1s approximately 
equal to 3 8—much less than the nommal value 9 

Fig 9 1s a display of data from an observation 
period durmg which the radiation intensity was high 
and changing rapidly According to our estimates, 
pa varied from approximately 1/2 cycle to 1/10 cycle 
durmg the time covered by the diagram, and the 
record shows particularly clearly the peaks m the 
plot associated with even mtegral values of I/pa, 
and the runs of pulse-length changes every cycle 
which occur when l/p4 1s odd 
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ROBERT HOOKE AND BOYLE’S AIR PUMP 


By Dr. H. D. TURNER 
University of Sheffield 


T is just three hundred years since Robert. Hooke 
built Boyle's air pump. This event has been 
described by Gunther as “the most important 
research ever brought to a successful issue in 
Oxford” ; and it is perhaps appropriate to mark the 
tercentenary by examining the truth of this state- 
ment and, incidentally, by somewhat belatedly giving 
Hooke the acknowledgment which is his due for his 
share in the enterprise. 

Robert Hooke, who was born on July 18, 1635, at 
Freshwater in the Isle of Wight, was the son of the 
local curate. He was a sickly child and never robust, 
but he gave early evidence of that mechanical 
aptitude which led to his being described as “‘cer- 
tainly the greatest mechanick this day in the world’’. 
After the death of his father, Hooke went, at the age 
of thirteen, to Westminster School; and in 1653 he 
went to Christ Church, Oxford, as a chorister, being 
admitted to the degree of Master of Arts in 1663. 
During the latter part of his stay in Oxford, Hooko 
was employed as a laboratory assistant by Boyle, and 
in 1659 he built the air pump shown in Fig. 1. 

At this time Boyle was very much interested in 
the mechanical properties of the air, and very dis- 
satisfied with the behaviour of the air pump then 
available, that due to Otto von Guericke. In 1660 
Boyle wrote his famous treatise on the “Spring of 
the Air"*, In this book, which was dedicated to his 
nephew, Lord Dungarvan, he says : 

“As few inventions happen to be at first so com- 
pleat, as not to be either blemished with some 
deficiencies needful to be remedied or otherwise capable 
of improvement : so when the Engine we have comes 
to be more attentively considered, there will appear 
two very considerable things to be desired in it. 

“For first, the Wind Pump (as somebody not im- 
properly calls it) is so contriv'd that to evacuate the 
Vessel, there is required the continual labour of two 
strong men for divers hours. And next, (which is an 
imperfection of much greater moment) the Receiver 
or Glass to be employ'd, consisting of one entire and 
uninterrupted Globe and Neck of Glass; the whole 
Engine is so made, that things cannot be convey'd 
into it, whereon to try Experiments. So that there 
seems but little (if anything) more to be expected 
from it, than those very few Phaenomena that have 
been already observed by the Author and recorded 
by SCHOTTUS". 

Boyle then goes on to say that he asked Hooke to 
contrive a more effective air pump. 


“Wherefore to remedy these Inconveniences, I put 
both Mr. G(RATORIX) and R. HOOK (who hath 
also the honour to be known to your Lordship, and 
was with me when I had these things under con- 
sideration) to contrive some Air Pump, that might 
not like the other, need to be kept under water 
(whieh on divers occasions is convenient) and might 
be more easily managed. And after an unsuccessful 
tryal or two of ways propos'd by others, the last 
named Person fitted me with a Pump, anon to be 





Fig. 1. Boyle's air pump, built for him by Robert Hooke in 1659. 

This was a notable advance on O. von Guericke's pump since the 

evacuated enclosure was easily accessible and the ratchet 

enabled one man to operate the pump without undue effort. 

Hooke later built a double-acting pump which was even more 
effective and flexible in operation 
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described. And thus the first imperfection of the 
German Engine, was in good measure, though not 
perfectly remedied”. 

The cylinder of the pump was bored in London ; 
but the rest of the machine was constructed by 
Hooke in Oxford. The technical difficulties were 
evidently enormous. Boyle goes on to say : 

“Your Lordship will, perhaps, think that I have 
been unnecessarily prolix in this first part of my 
Discourse. But if you had seen how many unexpected 
difficulties we found to keep out the external Air, 
even for a little while, when some considerable part 
of the internal had been suck’d out, you would per- 
adventure allow that I might have set down more 
circumstances than I have, without setting down 
any, whose knowledge, he that shall try the experi- 
ment, may not have need of”. 

Once an efficient air pump was available, there 
were many experiments which could be performed. 
One of the first investigations carried out by Boyle 
was into the relationship between the pressure and 
volume of a gas. 

This led to the enunciation of ‘Boyle’s Law’ or 
‘Boyle and Mariotte’s Law’ after its confirmation by 
Mariotte in 1676. Although Boyle does not explicitly 
name Hooke as his assistant and collaborator in 
this work, Gunther‘ believes that he was. At this 
time Boyle was suffering from weakness of eyesight ; 
and he also complained of a lack of skill in geometry 
which made him “both unwilling and unfit to engage 
in any Study where the conversing with Mathe- 
matical Schemes is necessary’. The suggestion is 
that Hooke, a skilled experimenter and a very able 
geometer, was, in fact, mainly responsible for the 
enunciation and proof of Boyle’s Law. 

Hooke himself carried out many experiments with 
the air pump. In 1662, having been released by 
Boyle, he went to London as curator of experiments 
to the newly formed Royal Society. In this capacity 
he had to demonstrate different experiments two or 
three times a week for the delectation of the Fellows ; 
and in many of these he used either the air pump, or 
the condensing engine, a compressor which he built 
in 1662-23. For example, in April 1663 we find 
Hooke experimenting with water freed of air which, 
according to Huygens, did not subside in a Torri- 
cellian tube ; and later, air was removed from above 
and within water containing various fish to see which 
would die soonest. 

This work with fish undoubtedly stimulated an 
interest in the general problems of respiration and 
combustion, and we may suspect that this was not 
unconnected with the interest that the Royal Society 
was then taking in the problems of diving. In 1664 
we find Hooke giving an account of an experiment 
with two birds, one of which was kept in compressed 
air and the other in air at ordinary atmospheric 
pressure. He also constructed a container, large 
enough to hold a man, which could be partially 
evacuated by the air pump. Hooke experimented on 
himself in this device, thus anticipating modern 
investigations into human behaviour under reduced 
atmospheric pressure. He tells us that when a 
quarter of the initial air had been extracted he was 
able to endure for “‘somewhat above a quarter of an 
hour without any other inconvenience than feeling 
some pain in his ears, and finding himself deaf". 
During this experiment Hooke took a lighted candle 
into the container and discovered that it was ex- 
tinguished long before he experienced discomfort. 
Other experiments carried out at this time involved 
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the development of an air gun, the measurement. of 
air pressure and experiments with diving bells; but 
the most important. aspect of this period of experi- 
mentation is undoubtedly the insight which the use 
of the air pump gave Hooke into the mechanism of 
combustion and respiration. The culmination of this 
work was, in fact, the publication by Hooke in 1664, 
in “Micrographia”, of his theory of combustion’. 

In 1680 Denys Papin, who invented the ‘digester’ 
(the prototype of the modern pressure cooker), joined 
Hooke as his assistant. He later developed a ‘steam 
pump' in which water was forced, by expanding 
steam, into a container from which it was ejected, 
under pressure, on to the paddles of a water-wheel ; 
and this has been regarded by some French authors 
as the first steam engine. 

Papin's claims in this direction, however, must, 
one feels, rest on his contributions to the develop- 
ment of the atmospherie engine. For some time on 
the Continent there had been interest in the possibility 
of producing power by using the pressure of the 
atmosphere to force a piston along an evacuated 
cylinder. Various ways of producing the vacuum 
had been tried. Guericke* had described an experi- 
ment in which a cylinder had been evacuated by 
using his air pump; Huygens? had blown the air 
out of a cylinder by the detonation of a small charge 
of gunpowder ; and Papin* had used the apparatus 
shown in Fig. 2 to produce a vacuum by the con- 
densation of steam. Like many other members of 
the Royal Society at this time, Papin was aware of 
the enormous problem of clearing flooded mines 





Fig. 2. Papin's cylinder and piston device, 1690. (Crown copyright. 
From an exhibit in the Science Museum, South Kensington) 
Steam generated by heat from the fire allowed the piston to rise 
to the top of the cylinder, where it was locked in position by the 
movable rod. The device was removed from the fire; the steam 
condensed by pouring cold water on the cylinder; and on 
releasing the piston it was forced down by air pressure, thus 
raising the counterbalanced weight 
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which were frequently distant from sources of water 
power In 1685 he proposed a scheme for the trans- 
mission. of power over considerable distances <A 
wator-wheel was to drive two large air pumps, the 
air contamed in prpes attached to these would be 
alternately rarefied and compressed , at the mme the 
suction and pressure would alternately lft water 
from the mine and then expel ıt In 1688 ho proposed 
a modification of this m which a conveymg pipe was 
to be ovacuated by a water-drrven aw pump , at the 
mme the conveyance pipe was connected by branched 
pipes and valves to two vertical cylinders fitted with 
pistons , these were connected by ropes to an axle 
carrying a winding wheel around which was wound 
another iope carrying buckets at each end As each 
cylinder was evacuated in turn, external air pressure 
would force its piston down, thus turning the wheel 
fist clockwise, then anticlockwise, and hence the 
buckets would be alternately raised and lowered 
Hooke’s influence on these projects and his con- 
tiibution to the ultimate development of the atmo- 
spheric engine 1s now, unfortunately, undocumented 
Our only evidence of his mterest and suggestions 
comes from references made by Dr Robison? of Edm- 
burgh Among the latter’s papers after his death 
was found a “List of Dr Hooke’s Inventions” which 
contamed the following sparse note, “1678 proposed 
a Steam Engine on Newcomen’s prmeiple", which 
implies that he had anticipated later developments 
im this field Robison also claumed to have seen, 
among the Royal Society’s collection of Hooke’s 
papers, memoranda of a letter addressed to Thomas 
Newcomen, of Dartmouth, these memoranda were, 
howevei, not m the possession of the Royal Society 
in 1880 According to Robison, Newcomen and John 
Cawley, a glazier, were anxious to make an engine 
on the hnes suggested by Papın m 1688 Newcomen 
was 1n touch with Hooke and wrote to ask his advice 
Hooke had already criticized both Papm’s projects 
on the ground that the great compressibility of the 
air in the conveyance pipe would result m negligible 
effects at the mune unless the water-driven pumps 
had inordinately long stiokes In replymg to New- 
comen, Hooke said, **Could he [Papm] make a speedy 
vacuum under your second cylinder, your work is 
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This suggestion was taken up by Newcomen and 
Cawley, who probably knew of Papm’s piston and 
cylnder experiment and who certamly knew of the 
methods employed by Savery m operating his 
pumping machine, ‘The Mmer’s Friend’ Accordmg 
to Stuart’, “They, therefore, made the experiment 
of introduemg steam under a piston moving n a 
cylinder, and formed a vacuum by condensing the 
steam by an affusion of cold water, on the outside of 
the steam vessel, and the weight of the atmosphere 
pressed the piston to the bottom of the cylinder” 

This method of producing a vacuum by the con- 
densation of steam had been patented by Savery 
An agreement was therefore entered mto between 
Savery, Newcomen and Cawley, and they were all 
associated in the grant of a monopoly for the atmo- 
spheric engine which was made m 1705 

The construction by Hooke of the first efficient 
air pump undoubtedly exercised a profound effect on 
the development of science and technology in the 
second half of the seventeenth century Not only 
did the use of this machine lead to an understanding 
of the physical pioperties of gases and to a theory 
of combustion which is strikmgly similar to the 
modern theory , but also 1t focused attention on the 
properties of systems of pistons and cylinders and 
the pressure of the atmosphere This was certainly 
important in providmg the climate of opmuon in 
which the atmospheric engine could develop, and 
as we have seen, there 1s reason to believe that m 
this development, too, Hooke played a decisive part 
‘Gunther, R T , “Early Science in Oxford”, 6, 8 (Oxford, 1930) 
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CANCER AND THE RESPIRATORY GRANA 
By Fror. CARL C. LINDEGREN 


Biolog'cal Research Laboratory, Southern Illinois University, Carbondale, Illinois 


ARBURG’S! theory of the origin of cancer 

proposes that tissue specificity can be achieved 
only by the synthesis of substances which make tissues 
specifically different through oxidatrve metabolism 
in the giana which carry the oxidative enzymes 
Accordingly, the loss of tissue specificity begins with 
the loss of oxidative capacity through myury to the 
grana Since a source of energy 1s essential, the cell 
ean only survive the loss of its oxidative apparatus 
if the oxidative apparatus 1s replaced by the adaptive 
development of the fermentative apparatus The 
loss of oxidative capacity is not reflected by an 
unmediate loss of tissue specificity , but when the 


injured cell divides and the daughter cells begin to 
grow, they do not achieve tissue specificity because 
the energy produced by fermentative metabolism 
cannot produce ıt Warburg has focused attention 
on tbe oxidative grana of the cell, mutation, the 
earemogenetic poisons, viruses, mechanical irrita- 
tions, anaerobiosis, radiation and all other ‘direct’ 
causes of cancer and influences, smular to hormonal 
control, are assumed to affect the autonomous grana 
and thus to affect tissue specificity only through 
their action on the grana Warburg has unified all 
ideas concerning the origin of cancer into a single 
concept involving material organelles capable of 
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observation and metabolic investigation, thus making 
1t possible to brng the phenomenon unde test and 
observation In this respect, the theory 1s (as War- 
burg says) the only explanation of the origin of 
cancer cells which can be “metabolically specified” 
The essential aspects of the theory are summarized 
by Warburg “Cancer cells origmate from normal 
body cells m two phases ‘The first phase 1s the 
irreversible injuring of respiration there 1s only 
one common cause into which all other causes of 
cancer merge, the irreversible mjuring of respiration 

“The irreversible injuring of respiration 1s followed, 
as the second phase of cancer formation, by a long 
struggle for existence by the myured cells to main- 
tam their structure, ın which a part of the cells 
perish from lack of energy, while another part succeed 
in replacing the irretrievably lost respiration energy 
by fermentation energy Because of the morpholo- 
gical mferiority of fermentation energy, the highly- 
differentiated body cells are converted by this into 
undifferentiated cells that grow wildly—the cancer 
cells ” 

Although Warburg’s theory concerns the problem 
of dedifferentiation, 16 does not explain how the cell 
became differentiated It has been pomted out by 
others that the cancer cell ıs not dedifferentiated 
back to the embryonic level but always retams some 
characteristics which make it identifiable with regard 
to origm, Thus the loss of tissue specificity does not 
mvolve complete but only partial ‘dedifferentiation’ 

Differentiation ıs also achieved in organisms in 
which defined cells do not exist, smce the Ascomycetes, 
which are ceencytial, are highly differentiated Even 
though the nuclei flow freely through the false septa 
throughout the thallus, differentiation into mycelium, 
conidiophore and conidium is achieved in circum- 
stances so fluid that no specific cell can be identified 
This differentiation requires, like all other differentia- 
tion, the activity of many genes, since many nonconi- 
dial forms of Neurospora are known each of which 
1s the phenotype of a different recessive allele It may 
be inferred that differentiation 1s effected differently 
in cellular: and noncellular organisms 

Although we all speak freely about ‘yeast cells’, 1t 
should be pointed out that phylogenetically yeasts 
are also noncellular organisms which graduate from 
mycelial or ccencytial forms to budding varieties 
all of which seem to be relatively closely related 
The so-called yeast ‘cell’ and its bud 1s simply a 
coeneytial form which partitions single nucleate buds 
with a surrounding wall, much as New ospora forms 
muerocomdia Although this might seem like splitting 
hairs, 16 1s a vital point m cell theory The ‘cell’ 
that Warburg means 1s the cell of a multicellular 
organism 

A dominant scientific theory remains the dominant 
theory until ıt 1s replaced by a subsequent theory, 
because scientific effort can only be carried out under 
the egis of a theory which restricts the activities and 
directs the efforts toward the examination of funda- 
mental prmerples Warburg’s theory 1s to-day the 
dominant theory , by unifying the concept Warburg 
has made all other ideas concernmg the origin of 
cancer subsidiary to his In the absence of an alterna- 
tive theory, one does not reject a theory by indicating 
extreme dissatisfaction with 1t (for example, Wein- 
house?) sce no scientific activity is conceivable 
without a guiding theory The most adverse criticism 
notwithstanding implies acceptance 2pso facto 

The first step ın criticism of the theory is the 
specification of the assumptions upon which 1% 1s 
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based Warburg has assumed (1) that the ascites 
tumour cell ıs a typical cancer cell, (2) that differen- 
tiation and tissue specificity m cellular organisms are 
achieved by oxidative metabolism of the grana (the 
respiratory grana have functions other than tissue 
differentiation, smce they play an active part in the 
metabolism of yeasts), (3) that the grana are auto- 
nomous, and, therefore, (4) that the oxidative 
apparatus cannot be synthesized de novo (recent, 
unpublished, expermnents in this laboratory have 
revealed that respiratory-deficient yeast cells, which 
never recover respiratory capacity spontaneously, 
ean in certam unique conditions become respiratory- 
sufficient by exposure to yeast homogenates), 
(5) that cells which have lost oxidative capacity may 
obtain ther energy by fermentation, (6) that 
division of these fermentative cells leads to the loss 
of tissue specificity, since they cannot obtam the 
oxidative energy essential to differentiation , (7) that 
such cells can neither fit into the tissue to perform 
the tissue function nor be restricted by the agents 
which restrict the differentiated cell and, therefore, 
form tumours, (8) that oxidative capacity can be 
injured (a) by oxidation of narcotics on the grana, 
(b) by direct action of specific poisons, (c) by anaero- 
biosis, (d) by radiation and (e) by various other items 
which are carcmogenetic Research aimed at under- 
standing cancer (as distinguished from apphed re- 
search aimed at methods relieving the symptoms, 
study of surgical procedures, discovery of drugs for 
destroying cancer by large-scale canvasses, etc ) 
requires an investigation of the validity of these 
assumptions and a reformulation of theory depending 
on the results of such mvestigations 

Warburg’s theory presupposes that the aerobic 
apparatus is a recent phylogenetical achievement 
It ıs clearly a late, almost certaimly the last, great 
advance made by the free cell ın evolution, since ıb 
could only occur after photosynthesis had made 
oxygen available Its recent mtegration mto the 
cell probably accounts both for its autonomy and 1ts 
vulnerability (The respiratory grana and the 
chloroplasts are both autonomous structures which 
were obviously mtegrated mto the cell recently, 
presumably before multicellular organisms evolved. 
It 1s reasonable to suppose that the chloroplast was 
the original symbiont added to the cell—or to the 
ecneyte—and that it later evolved into the respira- 
tory granum with the advent of oxygen ) Since the 
autonomous aerobic apparatus seems universal, ib 
may have been perfected when cells existed only as 
free cells, before the advent of the differentiated 
multicellular Metaphyta and Metazoa The adaptive 
enzymic fermentation m yeasts, which is normally 
achieved by oxidative metabolism, may also be 
achieved by fermentative metabolism, albeit more 
slowly and less efficiently Warburg might say that 
enzymic adaptation m smgle-celled micro-organisms 
1s a ‘cytoplasmic’ activity and thus different from 
‘true’ tissue specificity m multicellular organisms 
On this theory, true tissue specificity may have 
appeared after the advent of oxygen 

A strikmg difference between yeast cells and mam- 
mahan cells hes in their means of obtammg energy 
Yeast cells, unlike mammalian cells, have two separate 
fully functional systems for supplying adenosine tri- 
phosphate—an oxidative and a fermentative system 
Yeasts can grow oxidatively or fermentatively without 
previous preparation, unlike the mammalian cells 
which can adjust themselves to a fermentative 
mode of existence only (accordmg to Warburg) 
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by slow degrees In this sense, mammalian cells are 
almost obligate aerobes No obhgately aerobic yoasts 
are known since the anaerobic metabolism in yeasts 
1$ always available as a source of energy In some 
yeasts (m which the aerobic pathway has been lost) 
the anaerobic pathway 1s the only source of adenos- 
me triphosphate Yeasts are markedly different 
from the filamentous fungi, hke New ospora, m whichit 
is difficult to demonstrate the fermentative pathway 
and which resemble mammalan tissue in growmg 
only poorly, uf at all, under anaerobic conditions 

This discussion suggests that the yeast cell can 
provide & fruitful research object for study of the 
sensitivity of the respiratory apparatus and thus a 
guide in the evaluation of careinogens Many kmds 
of poisons have been tested with this view m mind 
An interesting poison which was mtioduced to us by 
Dr Seymour Hutner is propamidme isethionate It 
is widely used ın the tropics as a specific for kala-azar 
It 1s thus important to know whether or not 16 may 
be caremogenetic Our present indications are that 
it destroys the respiratory apparatus too completely, 
too rapidly and too specifically to be a earemogen—3áf 
the data from yeast cells are transferable to humans 
When yeast cells are smeared on the surface of an 
agai plate, and a paper filter pad saturated with a 
solution of 1750 p p m of propamidine isethionate 1s 
placed in the middle of the plate, a zone (several em 
wide) appears around the disk m which the yeast 
cells grow abundantly but m which none of the cells 
1s capable of utilizing oxygen Simce the origmal 
cultures were respiratory-sufficient, 16 1s mferred 
that propamidine isethionate has destroyed the 
1espnatory apparatus The living cells in the zone 
around the disk have been irreversibly transformed 
ino obligate anaerobes This ıs demonstrated by 
moculating the cells from the zone mto a peptone 
yeast-extract broth contamung sodium acetate as 
the major source of carbon The medium contains 
phenol red as an indicator, and if a single cell with 
an intact respiratory apparatus 1s introduced into 
this medium 16 will grow and the medium will turn 
deep red due to the merease m pH? Although cells 
from the area surroundmg the disk grow well m 
glucose broth, transfers to the acetate broth never 
produce an alkahne reaction, proving that all the 
cells have lost their abihty to respire acetate and 
hence are respiratory-deficient The conclusion that 
propamidine isethionate has destroyed the respira- 
tory apparatus irreversibly seems irrefutable It also 
appears to have achieved this end with relatively 
little harm to the cell otherwise 

This experiment 1s simplified by using a yeast which 
1s incapable of synthesizing adenine, since strains of 
this kind with an mtact respiratory apparatus are 
pink while the respiratory-deficient strains are white! 
When this experiment 1s performed with a pink yeast, 
the yeast which appears in the zone surrounding the 
disk ıs white, although 16 remains adenine-dependent 
White cells from such a plate always fail to grow 
after transfer to the acetate bioth, justifymg the 
inference that all the cells have lost their respiratory 
apparatuses since a single cell with an intact respira- 
tory apparatus would be able to utilize the acetate 
and grow in the acetate broth <A poison of this type 
which acts abruptly and completely on the respira- 
tory apparatus might be assumed on Warburg’s 
theory not to be carcinogenetic because ıt acts so 
quickly and completely that the mammalian cells 
(which do not have a fully formed anaerobic pathway 
available and waiting) would not be able to adapt 
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themselves to anaerobic growth The phenomenon 
demonstrates the extreme sensitivity of the respira- 
tory apparatus to a poison which has little or no effect 
on the survival of the cell 

Warburg's theory assumes that low oxygen tension 
can lead to crippling of the autonomous grana and 
thus to cancer Warburg’s inference that respiratory 
deficiency could be induced by anaerobiosis was 
confirmed by Hmo and Lindegren? using yeast 
(Respiratory-deficient yeasts, mduced by anaero- 
biosis or by a variety of other treatments, are com- 
pletely capable of maimtaimg thew structural 
integrity permanently from generation to generation, 
although all the cell’s energy 1s supphed only by 
fermentation Warburg, quoting Pasteur, stated 
that “not even yeast, which 1s one of the lowest 
forms of life, can maintam its structure permanently 
by fermentation alone, 16 degenerates to bizarre 
forms" This view concerning the stability of yeast 
grown exclusively anaerobically 1s m error, but this 
fact has no bearmg on the validity of Warburg’s 
theory of the origin of cancer, smce it neither sup- 
ports nor validates any of the assumptions upon 
which the theory is based) Both Sarachek® and 
Harris’ failed to confirm the induction of respiratory 
deficiency in yeast by anaerobiosis In three haploid 
cultures Hmo and Lmdegren found that the fre- 
quencies of respiratory-deficilency under aerobiosis 
were, respectively, 1 7, 2 8 and 3 2 per cent, while 
the same cultures grown anaerobically produced, 
respectively, 14 9, 8 6 and 8 0 per cent Two diploid 
cultures under aerobic conditions produced, respec- 
tively, 0 8 and 0 0 per cent resprratory-deficiency, 
and 1 9 and 0 2 per cent under anaerobic conditions 
In one tetraploid culture the frequency of respiratory- 
deficiency rose from 0 0 under aerobiosis to 0 3 per 
cent under anaerobiosis It 1s clear that the haploid 
state provides the clearest demonstration of the effects 
of anaerobiosis on respmatory-deficency, and it 158 
not surprising that neither Sarachek nor Harris 
detected this effect, smce they did not use haploid 
cultures Anaerobiosis (unlike propamidme isethio- 
nate) mduces only a low frequency of resprratory- 
deficiency , the effect of propamidme isethionate 18 
total Anaerobiosis produces relatively munor 
damages which might be progressive, if repeated, 
since only a few of the grana are affected m most 
cells and only rarely are all destroyed Anaerobuosis 
is inferred to be an effective carcinogen, since ib 
only reduces partially the energy available from 
aerobiosis and thus enables the cell to survive long 
enough to adapt the dormant fermentative system 

Recent work m this laboratory? has provided an 
example of another kind of mduction of resprratory- 
deficiency ın yeast ^ Caffeme induces respiratory- 
deficiency in yeast cells sensitive to caffeine with much 
higher frequency than in cells resistant to caffeme 
Growth in caffeine is only achieved by an adaptive 
process, presumably an enzymic adaptation Both 
resistant and sensitive yeast cells pass through the 
adaptation , but the adaptation of sensitive cells 18 
characterized by the sumultaneous induction of an 
extremely large number of respiratory-deficient cells 
Although one may assume that the total induction of 
respiratory-deficiency by propamidime isethionate 18 
due to the direct action on the grana, the mduction 
of respiratory-deficiency which occurs when caffeine- 
sensitive cells become adapted to caffeme may 
be due to injury of grana, not by direct action 
of caffeme upon the grana, but through the metabolic 
stress 1mposod by oxidative adaptation to caffeine 
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The metabolic stress of adaptation can be observed 
eytologically Several years ago when interest m the 
laboratory centred on adaptation of yeast to galac- 
tose, yeast cells were critically observed durmg adap- 
tation In the early stage of adaptation most cells 
were not budded and did not stam with methylene 
blue (Non-stainability is the standard criterion for 
viability ) Just before adaptation was achieved (as 
indicated (1) by the absence of budding , (2) by the 
failure to accumulate glycogen , (3) by slow utilza- 
tion of galactose) nearly all cells became staimable 
with methylene blue In other circumstances this 
would indicate that the cells were non-viable Shortly 
thereafter, however, at least 80 per cent of the cells 
produced buds, lost their stamability with methylene 
blue, and vigorous fermentation of galactose occurred 
This 1s mterpreted to mean that the stress of adapta- 
tion had exhausted most of the 1educing 1eserves of 
the yeast cell, permitting 16 to stain with methylene 
blue, but that this deficiency was made up as soon as 
sufficient galactose became available 

An important use of Warburg’s theory 1s for pre- 
dictmg the possibility that an agent 1s a carcinogen 
from its action on the respiratory grana On this 
theory, propamidine isethionate ıs predicted not to be 
carcmogenetic whereas anaerobiosis and caffeine are 
The dye janus green, which acts specifically to stam 
the respiratory grana and which 1s singularly effective 
m preventing sporulation in yeasts, ıs predicted to 
be non-caremogenetic Incidentally, the sporulative 
process in Saccharomyces 18 an especially useful pomt 
for testing the effectiveness of various toxic agents 
on the respiratory grana, since it 1s a highly specific 
kind of differentiation which 1s achieved only aero- 
bically The view that viruses may cause cancer 
can also be deduced directly from Warburg’s theory 
Warburg inferred that a great variety of metabolic 
disturbances could mactivate the respiratory appara- 
tus, and experimental evidence from yeasts supports 
his views | Since many viruses grow m the cytoplasm 
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without killing the cell, they are disturbers par 
excellence of cytoplasmic metabolism and might be 
expected readily to cause the destruction, mactiva- 
tion or malfunction of the grana Viruses inhibiting 
the nucleus would be predicted to be not nearly so 
effective 

Ephrussi? was the first to speculate concernmg the 
chemical mechanism by which the respiratory grana 
of the yeast cell could be destroyed He assumed that 
since acriflavme has an affinity for nucleic acids it 
was mutagenic and he found that ıt mduced respira- 
tory deficiency Ephrussi was unaware of the fact 
that Stier and Castor’? had previously induced 
respiratory deficiency with cyanide, and Whelton 
and Phaff” had shown that ethylene oxide 1s extremely 
efficient ın produemg the same effect It has become 
mereasingly evident that a great variety of sub- 
stances duce respuatory deficiency m yeasts cop- 
per and manganous salts are recent additions 
Whether these substances act directly as propamidine 
isethionate appears to, or indirectly as temperature” 
and caffeme adaptation, 1t seems clear that study of 
the phenomenon should be revealing in terms of the 
nature of the respiratory grana and, therefore, of 
carcinogenesis 

This work has been supported in part by a research 
grant from the American Cancer Society 


1 Warburg, O , Science, 128, 309 (1956) 

2 Weinhouse, S , Science, 194, 267 (1956) 

* Tavlitzki, J , Rev Can Bool , 10, 48 (1951) 

$ IT , landegren, G , and Lindegren, C C , J Bacteriol , 88, 391 


5 Hino, 8 , and Lindegren, © C , Ezp Cell Res , 15, 628 (1958) 

5 Sarachek, A , Cytologia, 28, 143 (1958) 

‘Harris, M , J Cell and Comp Physiol , 48, 95 (1956) 

* Maddox, P , and Lindegren, G , Bacteriological Proc , abstract, 
28 (1959) 

° Ephrussi, B , ZZ. Annales de U Institut Pasteur, 76, 1 (1949) 

10 Stier, T J B,and Castor, J G B,J Gen Physiol , 25, 229 (1941) 

11 Whelton, R , and Phaff, H J , Scwnce, 105, 44 (1947) 

1 Sherman, F , thesis, Univ of Calif , Berkeley (1958) 


THE NEW. MARINE BIOLOGICAL STATION ON HELIGOLAND 
By Da J. N. CARRUTHERS 


National Institute of Oceanography, Wormley, Surrey 


ANY years before the island of Heligoland 
passed from British to German ownership m 
1890, ıt was popular with distinguished scientists 
from Germany and other Contmental countries for 
marme biological pursuits, because the waters 
bordermg the German mainland yield only a small 
part of the faunal range characteristic of the open sea 
In the Baltic, the low salinity of the German waters 
there 1s a limiting factor and in the North Sea the 
tuibidity 1s such Moreover, in the North Sea the 
wide belt of mainland shore which dries out at low 
tide mihtates agamst the establishment of a first- 
rate German marme biological station there Well 
before 1850, men whose names were to become 
world-famous in the domain of marine biology were 
frequenting Hehgoland because of the much better 
natural conditions which exist there 
So long ago as 1835, Ehrenberg had imvestigated 
the origin of bioluminescence while workmg on the 
island and, ten years later, Johannes Muller had 


there formulated new ways of investigating the life of 
the open sea In 1865 Anton Dohrn (later of Naples 
fame) and Ernst Haeckel of Jena were conductmg 
researches from the island, and, withm two years of 
its cession to Germany, a marme biological station 
had been founded with F Heicke as first director 
Durmg the twenty-eight years of his tenure of the 
post, his famous work on the natural history of the 
herring and on. the plaice was carried out In those 
days the Station was housed m more than thirteen 
separate buildings and 1ts own staff of eight scientists 
and sixteen technical assistants had to find room for 
sixteen guest workers Not until it was possible 
(m 1920) to take possession of a large building freed 
from naval use did ıt become possible to conduct 
tuition courses, and the first of these was attended 
by a class of thirty 

Many British oceanographers will well remember 
Heincke’s  suecessor—the genial and talented 
W. Mielck, who was head of the Station durmg 


August 8, 1959 


No. 4684 


Lr] E sie Dey $47 : 


1920-33. When its enlargement was completed in 
1937, the name “Wilhelm-Mielck-Haus” was given to 
part of the multi-storied construction. The last 
director of the Station to be appointed before the 
Second World War was A. Hagmeier, who held the 
post on the island from 1934 until after hostilities 
had broken out. He remained the nominal director 
of the Station until his death in 1953. Until shortly 
before that time, he had been resident in Sylt at 
the dependent Ellenbogen Station near List. While 
there Hagmeier spent much effort in the furtherance 
of marine biological research and was able to adapt 
a vacated army building in List to provide a two- 
roomed laboratory on the harbour side in which 
instructional courses could be given. Already by 
1949 the number of visiting students had reached 170. 
When, in 1952, the island of Heligoland was made 
free of access again and declared ready for building 
operations to start, Hagmeier was 
already prepared with plans for 
reconstituting the renowned Bio- 
logische Anstalt on it. Though 
it is not by any means the case 
that all German marine scientists 
were in favour of the project, 
the marine biologists for the most 
part were so. 

In pre-1939 days, the “Biologische 
Anstalt Helgoland" came under 
Prussia and one may read, in old 
reports of the Government, of 
that State having furnished 400,000 
marks for the rebuilding which 
began in the winter 1925-26. 
when serious thought was given 
to rebuilding the completely de- 
molished Station some years after 
the end of the Second World War, 
however, the island had come under pig. 2. 
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Fig. 1. General view from the water front 


Schleswig-Holstein. This Land not being financially 
able to shoulder the expense of such an ambitious 
project, it came about that the Bund Ministry of 
Land, Food and Forests eventually did so. 

Much space would be needed to give an adequate 
account of the impressive proceedings of June 19 
last, when the fine new Station which has arisen on 
the ruins of the old was formally declared open in the 
presence of a large concourse headed by Bundes. 
minister Dr. Liibeke, who has since been elected 
President of Western Germany in succession to 
Dr. Heuss. Ministers of Schleswig-Holstein were 
present; German oceanographers were there in 
number; guests from the Netherlands, Italy and 
Britain attended, and an English fisheries research 
vessel (Sir Lancelot) had come from Lowestoft. 
The Director of Fisheries Research in Britain was 
present, greatly to the gratification of Dr. A. Biick- 





Entrance to the aquarium with (on the right) the verandah around the seal basin 








mann, direetor of the new Station, who recalled the 
close associations between Lowestoft and Heligoland 
during the years between the wars. Most of the 
guests had been carried from Cuxhaven in the very 
fine German research vessel Anton Dohrn, which 
has already much first-class work to her credit despite 
her youth. 

Speeches and a tour of the new Station were the 
business of the first day—followed by a reception and 
supper aboard the Anton Dohrn. The second day 
(June 20) was devoted to a scientific conference in 
the commodious lecture room. After a Festvortrag 
by Dr. J. Verwey of Den Helder, he opened a general 
discussion on what should be the scientific activities 
of marine stations. After this topic had been debated 
very widely with no lack of participants, Dr. A. 
Büekmann gave a very detailed account of the 
programme of work which he has in view for his fine 
new Station. From what he said it was quite clear 
that great care had been taken to build as economically 
as possible in erecting the long low buildings which 
are such a contrast to those standing when the former 
building programme ceased in 1937. Because practi- 
cally everything had to be transported from the main- 
land at great additional expense and with dependence 
upon weather, it is perhaps not surprising that the 
cost to the Bund Ministry was in the neighbourhood 
of six million D.M. (about £6/11 million). 

The divisions of activity provided for under the 
general leadership of Dr. A. Biickmann, who remains 
resident in Hamburg, where he is professor of fisheries 
biology in the University of Hamburg, are : zoology, 
animal physiology, botany, microbiology, plankton- 
ology and fisheries biology. The first of these divisions 
has a staff of three scientists with the Director as 
leader. The other divisions have two scientists each, 
except. for microbiology, which has only one. It 
seemed surprising that there is no special provision 
for the hydrographical work which is essential before a 
proper study can be made of the relationships between 
the marine fauna and flora and the environment. An 
island like Heligoland must afford wonderful oppor- 
tunities for studying what differences exist in the 
marine life as between what must usually be the 
lee and weather sides. 

There are many things of great interest with which 
a worker trained in the physical side of oceano- 
graphy could occupy himself working from the new 
Station. Questions elicited the remarks that expense 
had to stop somewhere, but that visiting workers on 
any aspect of oceanography would always be made 
videnced by the great amount of 
laboratory space set aside for guests. 

It is a very praiseworthy feature of post-War 
German marine science that excellent collaboration 
exists between the Heligoland activities led by Dr. 
Biickmann, the German Hydrographie Institute, the 
German Scientific Commission for Marine Research, 
the Institute for Fisheries Biology of the Uniyersity 
of Hamburg, the Bremerhaven Institute for Marine 
Research and the University of Kiel. This close 
working together has led to really notable achieve- 
ments in respect of investigations on the high seas, 
and German oceanographical investigations made 
during the Polar Front Survey within the Inter- 
national Geophysical Year programme are of high 
nierit. 

Along the southern face of the main block of the 
new Station are the laboratories in use by the staff 
and the rooms used for the dispatch of animals to 
universities and other customers. The northern face 
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contains the laboratories for guest workers and 
students. The publie aquarium; with all its compli- 
cated technical ‘plumbing’, and ‘the aquaria for 
research and growth studies constitute a separate 
block. An impressive feature of the aquarium which 
those with memories of the pre-War Station will 
recall has been provided anew and in duplicate. 
Quite detached and centrally placed are a pair of 
circular ‘tanks’ in the form of very large glass vertical .. 
cylinders rising to a considerable height from thei: 
floor. Co-axially placed within each of them is an.” 
opaque vertical cylinder of considerable diameter. 
which has a sanded surface. As a result, fast-swim-. | 
ming fish such as herring, mackerel and hake ean 
swim swiftly around and around in the annular water. . 
space without knocking into the external glass or. 
being crowded into corners. It is a wonderful sight 
to see the fish incessantly swimming around on their: 
(to them) endless journey. Great value is attached 
to the fine supply of excellent sea-water pumped in 
from the end of a mole, and to the fact that all the 
‘plumbing’ is of plastics. One sees handsome arrays 
of bright green and red piping more or less every- : 
where. The Station's cutter Uthorn, which is 24-5 
metres long, of 6:4 metres beam, and of draught 
2-6 metres, does 8 knots under the drive of her^ 
150 h.p. engine. She is exeellently equipped with 
instruments and is of great use in enabling the 
scientists to dredge in the Heligoland Rinne, which 
is one of the deepest parts of the southern North Sea ^ 
and has a fauna of particular interest. Two motor- 
boats are also available. ; 

It was emphasized that to run a marine biological... 


station to-day is a vastly different affair from what . 


it was in Anton Dohrn's day. The mass of expensive 
and costly apparatus which had already become : 
necessary a decade and more back has been much : 
added to by the requirements for work with carbon-14 
and other isotopes. The new Heligoland Station is 
well equipped for work with eight or more tracer 
elements. 

Heligoland was always a favourite holiday resort, 
and already some eleven hundred permanent inhabi- 
tants are housed again on the island to make the most 
of it. ‘Day tripping’ from the mainland is also a very 
intense and paying business. During the summer thé 
multitude of visitors contribute to the Station's: 
funds by way of their payments to visit the aquarium. 
In winter when the visitors no longer come, the. 


scientists of the Station can use the large annular. 


‘tanks’ described above of 25 m.* capacity for studies 
on the swimming of migratory fish. E 
About fifteen guest investigators pursuing quite 


different lines of work can work in association with ©”: 


the thirteen scientists of the Station, and great help © 
is given in the matter of lodging to guests whose . 
visits take place in summer. By throwing two large 
classrooms into one, thanks to a movable partition, 
a lecture room with ample accommodation for fifty 
students becomes available. Provision is made for - 
visiting university teachers to bring students to the 
Heligoland Station for classes lasting some weeks. : 
and facilities are afforded for teachers of biology and ` 
others to attend refresher couses. 

The complex of buildings, which has a total frontage 
of 120 metres, includes a special basin in which a seal 
will live. This, with glass 4 em. thick, is most in- 
geniously construeted. Outside, walking on a balcony, 
paying visitors will be able to look down on the seal 
from above. From inside the building the visitors 
will look into the tank illuminated by daylight from 
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above, and will see many smart movements imposed 
upon the seal by the clever mternal ‘architecture’ of 
the tank This fine basin recalled the modest 
accommodation which the seal living in the Helgo- 
land aquarum many years ago had to be content 
with 

As with the Station of former times, the very 
appropriate speech from Goethe ıs ın evidence It 
now faces us set nto the wall in large bronze capitals 
as we enter through the main public door ‘‘Alles 
ist aus dem Wasser Entsprungen, alles wird durch 
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das Wasser erhalten, Ozean gonn uns Dem ewiges 
Walten” 

It was due to the kind generosity of the Bund 
Ministry that I was able to attend the impressive 
re-opening For those who would know very much 
more about the new Biologische Anstalt Helgoland, a 
full account written by its director exists! and a 
shorter one by one of his assistants? 


1Buckmann, A, Helgol Wass Meeresunters , 7, Heft 1, 1-50 (Ham- 
burg, 1958) 
2Hempel, G , Die Umschau, 12, 353-4 (Frankfurt am Main, 1959) 
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Prof. E Percival 


A GREAT blow has been dealt to marme and 
freshwater biology m New Zealand by the death 
on July 15, m Christchurch, of Prof Edward 
Percival Prof Percival, who was born m 1893, was 
elected to the chair of biology at Canterbury Univer- 
sity College, as 16 was then called, in 1928 after serving 
as lecturer m the Department of Zoology at the 
University of Leeds, where he was assistant to the 
late Prof Walter Garstang Durmg 1928 he worked 
as a temporary naturalist ın the Plymouth Laboratory 
on the ecology of the Rivers Tamar and Lynher, and 
he will be well remembered by those who knew him 
then The son of a Cheshure farmer, Percrval spent 
his boyhood 1n Lancashire, where he took the national 
diploma ın agriculture at the Harms Institute, 
Preston, and he found much to mterest him when 
he came to New Zealand His early work on the 
ecology of rivers m Yorkshire led him to play a 
promment part m trout management m acchmatiza- 
tion society work 1n New Zealand, and his experience 
in marme biology m the United Kmgdom was put 
to good use in guiding his research students and in 
advising the policies of various government depart- 
ments 

His published work, amounting only to about a 
score of papers, 1s not & sufficient criterion by which 
to judge the man. He had declined. various academic 
honours smce he maintamed that such things were 
of no use to hm He did, however, consent to be 
elected a Fellow of the Royal Society of New Zealand 

First and foremost he was a teacher From the 
elementary- to the postgraduate-level he never failed 
to bring out the best im the human material set before 
him Hus particular philosophies on the teaching 
and appreciation of biology will be long remembered. 
by all those who came in contact with hım, even if 
only as incidental associates 

For his advanced students he held a twice-yearly 
field expedition to Menzies Bay, one of the isolated 
little coves on Banks Peninsula, and he took his 
students mto the field on almost every other week- 
end during term, brmging a certain spartan approach 
to the pleasures of anımal observation which helped 
one more fully realize what 1s meant by ecology 
His aim was to produce, at the postgraduate-level, 
a student well balanced in outlook, able to think, 
not to be a storehouse of facts but to know where to 
tiun to find what is already known, and potentially 
able to go on im almost any field of biological en- 
deavour How successful he has been m this can be 
seen by the wide distribution of his honours students 
in various positions throughout the world 


The mformal, and often quite unzoological, dis- 
cussions which he held im the field and in the well- 
1emembered. atmosphere of his rooms, together with 
his novel methods of allowmg notes to be taken mto 
the exammation room, all helped to brng out what 
powers of expression and thought were available in 
his students Indeed, he often remarked that he 
wished he could conduct his exammations im the 
University library, for he would know even more 
easily the worth of his candidates 

Physically he was outstanding for a man neal 
retirement, and in the field his stride and energy m 
every activity proved more than a match for even 
the most athletic of his followers 

At the first encounter he presented a 1ather for- 
bidding aspect and was melined to be of uncertain 
temperament, but this, particularly m his later years, 
was & variation on the theme of not suffermg fools 
gladly If one genumely wanted help, advice or 
encouragement and if one had exercised all one’s 
resources before approaching him, Percrval became 
the proverbial tower of strength and i6 was difficult 
not to find oneself being cast m his mould 

Apart from his long-term studies on lakes in the 
Canterbury foothills and his interests m marine 
matters, his scientific work wil long be remembered 
for hus fine studies on the embryology of the Brachio- 
poda Percival was fortunate m having a locahty 
close by where these animals could easily be taken 
between tides on the rocky shore and he was able to 
use his advantage to the full m produemg his studies 
on them development and growth He was never 
afraid to admut that he was wrong or that he did not 
know, an attitude of mund which had its effects 
particularly on his elementary students contem- 
plating a career in teaching 

Percival’s influence extended far beyond the 
cloisters of the University of Canterbury, and it 
would be hard to exaggerate just how widely his 
teaching and stimulation have been, and will con- 
tinue to be, felt ErrniorT W Dawson 


Dr M R. Schafroth 


Dr Max Rosert ScuarnorH and his wife, Kathi 
Schafroth (née Gemperle), died on May 29, they 
were killed m an aeroplane crash m Northern Queens- 
land, Austraha 

Dr Schafroth was born in Burgdorf, Switzerland, 
on February 8, 1923 He passed his matricula- 
tion at the Gymnastum ın Bern m 1949 He then 
entered the University of Bern m order to study 
mathematics and physics, later changmg to the 
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Swiss Federal Institute of Technology m Zurich. 
He graduated at the latter m 1948, obtaming a 
diploma in mathematics and physics 

Thereafter he commenced research work under the 
direction of Prof. W Pauli, who was professor of 
theoretical physics at the Institute and Nobel prize- 
winner of 1944 Dr Schafroth obtamed his doctorate 
degree m 1949 and was thereafter appomted as 
assistant to Prof Pauli—a post he held until 1253 
Durmg that time he continued research m collabora- 
tion with Prof Paul: in quantum field theory and 
solid state physics 

At this stage the Schweizer Arbertsgemeimschaft 
fur Mathematik und Physik offered him an overseas 
travel grant for two years, which he decided to spend 
m the Department of Theoretical Physics of the 
University of Liverpool with Prof H Frohlich 
After one year in Liverpool, however, he left Hurope 
to accept a lectureship offered him by Prof H 
Messel in the then newly expanded School of Physics 
at the University of Sydney He remained at the 
University of Sydney until his death, having been 
promoted to a senior lectureship on January 1, 1955, 
and to a readership on January 1, 1957 In May 
1958 he was mvited to accept the chair of theoretical 
physics at the University of Geneva, Switzerland, 
which invitation he had accepted and mtended 
taking up this post on September 1, 1959 

Startmg mamly with his stay with Prof Frohheh 
in Liverpool, Dr Schafroth became interested m the 
theoretical understandmg of the phenomenon of 
superconductivity This was also his chief research 
interest durmg his five years at the University of 
Sydney He published several penetrating papers on 
this subject himself and also inspired contributions 
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Electrical Engineering at Newcastle upon Tyne : 
Prof J C Prescott 


Pror J C Prescortz, piofessor of electrical engm- 
eering at King’s College, Newcastle upon Tyne, 
retires this year He was elected ın 1937, succeeding 
W M Thornton, who was the first holder of the chair 
After studying at the University of Liverpool under 
Prof E W Marchant, he entered a college apprentice- 
ship with the British Westmghouse Company in 
1915, continuing later with that Company as research 
engineer He saw service with the RN VR durmg 
the First World War, being attached to HM Miming 
School at Portsmouth After the War, he returned 
to the University of Liverpool as lecturer 1n electrical 
engineermg, where he was to remain for 18 years 
His early researches were concerned with the behav- 
1our of constant-current dynamos, and this led by 
way of a study of the free period of coupled altornators 
to researches on the mherent mstability of parallel 
connected synchronous electrical machmery His 
papers of this period reveal that electrical measure- 
ment and measuring instruments were also occupying 
a substantial part of his time For this work he was 
awarded the degree of doctor of engineermg by the 
University m 1931 In Newcastle his research work 
has been concerned with synchronous governing of 
alternators, and further studies of the stability of 
parallel-connected alternators have been made, 
latterly he has been engaged m an investigation mto 
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from others m the School There can be no doubt 
that his work in this field will go down in science as 
having been a major contribution to the under- 
standing of superconductivity Several papers by 
him are yet to appear These mclude a review of the 
field m the series “Solid State Physics”, edited by 
Profs Seitz and Turnbull 

Apart from this particular field of research, Dı 
Schafroth was an expert and mspiring lecturer m the 
fields of statistical mechamies, solid state physics m 
general and quantum field theory He brought into 
his lectures something of the qualities of his old 
teacher, Prof Pauli 

The death of Robert Schafroth and of his wife 
Kathi will be a great loss to all who knew them 

S T BUTLER 


Mr. H. W. Greenwood 


Tae death of Mr H W Greenwood occurred on 
April 30 at the age of seventy-seven In the course 
of a very active life, Mr Greenwood was associated 
with three mdustries Before the Furst World War 
he was a mmuing plant superintendent m the south of 
Spam In 1919 he jomed Leto Photo Materials 
Company, manufacturers of photographie paper, 
and continued with the firm after their amalgamation 
with Wellngton Ward and ther later amalgamation 
with Ilford, Ltd Since 1987 he had been associated 
with Powder Metallurgy, Ltd 

Mr Greenwood wrote profusely m all three sub- 
jects, papers and books of a popular but well-informed 
nature For many years he was an important con- 
tributor to the British Journal of Photography 

W D Jones 
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the performance of tu bo/alternator governors, which 
18 still ın progress 

Tho Department of Electmeal Engmeermg at 
Newcastle has grown greatly m size duimg Prof 
Prescott’s tenure of the char Under his direction 
the expansion has been conducted so as to preserve 
a balance between so-called ‘light’ and ‘heavy current’ 
electrical engineering, and to avoid too early special- 
ization jn undergraduate courses Always playing a 
large part m the teaching activities of his Department, 
he has consistently emphasized the necessity for the 
teaching of fundamentals in university courses, 
and has always msisted upon the maintenance of 
a high academic standard m his Honows School 
Lake his predecessor, he has been active in the affairs 
of the Institution of Electrical Engmeers, being 
chairman of the North Eastern Centre in 1943-44, 
and has taken a continued interest m the North East 
Radio and Measurements Group Commg from a 
literary family, he ıs a man of uncommonly wide 
mterests who holds the respect and affection of all 
who know him His friends both inside and outside 
the University wish him many years of active and 
happy retirement 


Dr R L Russell 


Dr R L Russer, who has been appointed to the 
char of electrical engmeermg at King’s College, 
Newcastle upon Tyne, m succession to Prof J C 
Prescott, graduated B Se ın 1938 and M Sc. in 1939, 
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in mathematics at the University of Leeds Soon 
afterwards, he took up work in the Admnalty 
Degaussmg Department at Portsmouth and Helens- 
buigh, and thus his first contacts with electiical 
engineermg were made In 1942, when the magnetic 
mine had been overcome and there was an acute 
demand for radio mechanics, Dr Russell accepted 
lectureships on radio training courses, first at the 
Royal College of Science and Technology, Glasgow, 
and then at Robert Gordon’s Technical College, 
Aberdeen He went from Aberdeen to the Research 
Department of the British Thomson-Houston Co at 
Rugby In 1946, he was appointed as lecturer in the 
Department of Electrical Engineering in the Univer- 
sity of Bristol, and in 1955 he was promoted to a 
readership 

Towards the end of the Wax he published certain 
papers of a semi-geometrical nature, mainly arising 
out of problems in radio engmeermg As time has 
proceeded, he has turned his essentially geometrical 
mund to a number of problems, fist m electrical 
measuiements and then in relation to electrical 
machines Many papers have been published in the 
Proceedings of the Institution of Electrical Engineers 
arising out of this work, which led to Russell receiving 
the degree of D Se. fiom the University of Leeds a 
few months ago Dr  Russel's most individual 
contribution to electrical engmeermg has been to 
observe the possibilities which arise from feeding a 
three-phase winding sumultaneously at both ends with 
voltages of different frequencies This principle has 
aheady had several applications, and 1t 1s of interest 
to note that Russell’s predecessor in Newcastle, 
Piof J C Prescott, adopted the idea ın relation to 
synchronous goveinmg A recent PhD thesis on 
synchronous governing presented at King's College 
incorporated. just such a double-fed device 


Agricultural Botany at Leeds Prof J H Western 


Da J H Western has been appointed to the 
newly instituted chair of agricultural botany within 
the Department of Agriculture m the University of 
Leeds He was educated at Avoncroft Agricultural 
College, Evesham, and the Unuveisity College of 
Wales, Aberystwyth, where he graduated m botany 
with agricultwal botany In 1937 he was awarded 
the degree of PhD, the subject of his thesis being 
“Some Aspects of Biological Speciélization ın the Oat 
Smut Fungi”? In that year, he also took up an 
appointment at the Welsh Plant Breeding Station, 
Aberystwyth, where he undertook research on 
diseases affecting herbage plants In 1939 he was 
appointed lecture: in agricultural botany and advise: 
m mycology m the University of Manchester, leaving 
in 1946 to take up appointment as provincial plant 
pathologist to the Northern Provmce, Ministry of 
Agriculture and Fisheries, Newcastle upon Tyne In 
1951 he was appointed to his present post of senio 
lecturer m agricultural botany in the Department of 
Agriculture m the University of Leeds His inves- 
tigations have included the problem of the ‘choke’ 
disease of cocksfoot (Dactyhs glomerata) caused by 
the fungus ZEpiwhloe typhuna, and he has been 
responsible for numerous publications 


Physiology at King’s College, London 
í d Prof R J S McDowall 


THE rétirement 1s announced of Prof R J $8 
McDowall from the Halliburton chair of physiology at 
King’s College, London This he has held for thirty- 
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six years He has perhaps become best known for his 
books The most oatstandmg 1s “Control of the Circu- 
lation of the Blood”, a monumental work with more 
than 9,000 references , but his “Handbook of Physio- 
logy”, of which he has produced eleven editions, has 
been the bible of a generation of medical students His 
“Sane Psychology” has been reprmted four times 
Prof McDowall’s interests have been chiefly m the 
circulatory system m which he has been an untiring 
worker and 1s a recognized authority He gave the 
Oliver Sharpey Lecture of tho Royal College of 
Physicians m 1939 on this subject He has also been 
largely responsible for the formation of the Asthma 
Research Council and in recognition of this he was 
made president of the fourth European Congress of 
Allergy held m London m September His enthusiasm 
and powers of inspiration are reflected by the fact 
that thirteen of his pupils have become professors 
and, of these, six have been m the University of 
London 


Prof J L D'Silva 


Pror J L D'SrL.vA has been appomted to succeed 
Prof R J S McDowall Prof D’Silva first graduated 
in 1929 from King’s College in chemistry His early 
interests were in organic chemistry and he was 
elected Sir Halley Stewart Fellow in 1933 His 
attentions then turned to physiology, and appomt- 
ments leading to the readership m physiology at 
St Bartholomew’s Hosprtal Medical College followed 
Here he pursued his particular mterests m the effects 
of adrenaline and adrenaline-like substances on 
serum electrolytes In 1948 he was appointed to the 
chair of physiology at the London Hospital Medical 
College where his research contributions to the under- 
standmg of respiratory mechanics again reflected his 
early interest m the physical sciences 


University of Malaya in Kuala Lumpur . 
Prof. R. S Huang 


Iw the article under tho title “University of Malaya 
m Kuala Lumpur" in Nature of August 1, p 306, it 
was stated that Prof R A Robinson had been 
appointed to the chair of chemistry It has now been 
announced that Prof Robinson has declmed the 
appomtment, which has been accepted by Prof R L 
Huang, reader in chemistry in the University 

Prof Rayson Lisung Huang was educated in Hong 
Kong, first at Munsang College and then at the 
University of Hong Kong After a year as demon- 
strator ın chemistry at Kwangs: University, China, 
Dr Huang went to the University of Oxford with 
two scholarships, from the Rhodes Trust and the 
British Council, to study under Sir Robert Robertson 
He gamed his doctorate as a result of this period of 
research on synthetic hormones Di Huang then 
visited the University of Chicago with a postdoctoral 
fellowship and studied for two years under the late 
Prof M S Karasch, and then jomed Prof Konrad 
Bloch as a research associate for a further year 
During these periods Dr Huang worked on free 
radicals and on the biosynthesis of cholesterol, 
respectively He jomed the University of Malaya 
early in 1951 and has been awarded the degree of 
DSc for his researches mainly in the field of fiee 
radicals <A citizen of the United Kingdom and 
Colonies, Dr Huang has a good knowledge of classical 
and modern Chinese, and speaks several Chinese 
dialects Huis scholarship m a wide field will be a 
most valuable contribution to the professoriate of 
the new Division of the University of Malaya, 
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The Second Russian Space Rocket 


A Russian multi-stage rocket was launched at 
about 9 hr vu T on September 12 and its final stage, 
weighmg 1,511 kgm (3,331 lb ) when empty of fuel, 
was projected towards the Moon with a speed of 
7 mules per sec At 18h 40m UT on September 12, 
when 1t was about 90,000 miles from the Earth, the 
vehicle emitted a cloud of sodium vapour This was 
observed from eastern Europe and Asia as a glow, 
which lasted about 5 mm and was of stellar mag- 
nitude 5, m the constellation of Aquarius At an 
unspecified point on its Journey, the vehicle divided 
mto two parts, an mstrumented sphere weighing 
390 2 kgm (860 lb) and the spent rocket The 
sphere carried instruments to measure the magnetic 
fields of the Earth and Moon, the zones of radiation 
around the Earth, cosmic rays in space, the impacts 
of muerometeorites and the composition of mter- 
planetary gas It was stated that these experiments 
were successfully accomplished The vehicle carried. 
radio transmitters operating on some of, or all, the 
frequencies 19 993, 19 997, 20 003, 39 986 and 
183-6 Mc js ‘The radio signals ceased abruptly at 
21h 02m 24s ut on September 13, when the 
mstrumented sphere struck the surface of the Moon 
at long 0°, lat 30° N, near the crater Archimedes 

While the vehicle was above the horizon m Britain, 
ib was tracked by the Jodrell Bank radio telescope 
the measurements made, of the direction, the Doppler 
frequency and the moment of impact, all confirmed 
that the vehicle followed very closely the trajectory 
given by the Russians This second space rocket was 
srmular to the fist (launched on January 2, 1959, 
see Nature, 183, 83), which had a total weight of 
3,245 Ib, meludmg 797 lb of mstruments m & 
spherical contamer, and performed similar experi- 
ments ‘The trajectories of the two rockets were also 
srmilar—both took about 35 hr to reach the viemity 
of the Moon—though the first rocket, mstead of 
colliding with the Moon, flew past it to become the 
first artrficial planet 


Rocket Studies of Emissions caused by Solar Flares 
National Science Foundation Grant 


Tre National Science Foundation has made a 
grant of 250,000 dollars to the US Naval Research 
Laboratory for rocket observations of ultra-violet 
and X-ray emissions from solar flares Principal 
investigator of the project 1s Dr Herbert Friedman, 
superintendent of the Atmosphere and Astrophysics 
Division of the National Research Laboratory The 
effect of the Sun’s emissions upon the ionosphere 
and the resulting radio communication problems are 
of great theoretical and practical significance 
Measurement and understanding of the origin of 
these emissions will be basic to an understanding 
of the solar flares themselves Dr Friedman will 
therefore launch a series of instrumented Neke-Asp 
rockets to make the necessary observations The 
mvestigation will explore wave-lengths and altitudes 
at which only rudimentary observations have so 
far been made Previous work by Dr Friedman, Dr 
Richard Tousey, and their co-workers at the National 
Research Laboratory has established the existence of 
mtense radiations from the Sun in the wave-length 
regions under consideration Dr Friedman and his 
group at the Naval Research Laboratory ‘were 
pioneers in the use of rockets for astronomical 
research, and astronomers credit his work with bemg 
among the most exciting and significant at present 
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being carried on in the field Instrumentation for the 
series of rocket observations will clude Geiger 
counters to measure X-rays in the 1-10 A range, 
X-ray detectors for wave-lengths of 8-20 and 44-60 A , 
semtillation counters sensitive to hard X-rays in the 
20-500 kV range, and 10n chambers sensitive to the 
helrum emission lines at 584 and 314 A 


British Aid for Nato Scientific Courses 


Mrz H NicHBorrs, Parliamentary Secretary to the 
Ministry of Works, stated in the House of Commons 
that the United Kingdom contribution to the fund 
established by the North Atlantic Council to promote 
international gatherings for the advanced study of 
special scientific topics would be about £7,000 m the 
first year and would be borne on the vote of the 
Department of Scientific and Industrial Research 
This was a written answer on June 25 m response to a 
request for a statement regardmg United Kingdom 
participation ın the new North Atlantic Treaty 
Organization scheme for advanced study institutes 
The funds would mostly be used for contributions to 
the teaching and admmustrative expenses of selected 
courses at institutes m a Nato country which offered 
mtensrve courses, usually at postdoctoral to pro- 
fessional level, in branches of the natural sciences 
and technology Assistance might also be given to 
the travellmg and scholastic expenses of participants 
from Nato countries 


Graduates and National Service 


Iw answering a question in the House of Commons 
on June 8, the Minister of Labour, Mr Ian MacLeod, 
said that he was not prepared to extend the deferment 
arrangements for science and engimeermg graduates 
to men with other qualifications This was the advice 
of his Technical Personnel Committee, which had 
considered last autumn difficulties said to be created 
for firms engaged m nuclear engineermg and other 
industries by the call-up of non-graduates engaged 
on research It was extremely difficult to distinguish 
between all the different professional qualifications 
that non-graduates have, but Mr MacLeod said he 
would be willng to receive a deputation of research 
directors to discuss a definition which might be as 
effective as the graduate definition, 1f Mr Blenkimsop, 
his questioner, cared to organize such a deputation 


Research and Development Charges in Civil 

Nuclear Power - 

A QUESTION was asked in the House of Commons 
on June 15 regardmg the proportion of research and 
development charges for the civil nuelear power 
programme borne by public funds through the 
Atomic Energy Authority The Paymaster General, 
Mr H Maudhng, m reply said that all research and 
development expenditure meurred by the Atomic 
Energy Authority was orginally borne from public 
funds Howevei, 16 was intended that the expenditure 
attributable to the civil power programme should 
be recovered in due course ın the form of royalties 
payable on the electricity stations and as part of the 
price charged for fuel elements The Authority also 
recovered the cost of the consulting services from the 
electricity boards 


Nuclear Reactor RB Accident in Yugoslavia 
Votume 9 of the Bulletin of the Boris Kidrich 
Institute of Nuclear Sciences contaims twenty-five 
articles and two laboratory notes of technical interest 
contributed by members of the physics, physical 
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chemistry and radiobiology laboratories of the 
Institute They are prefaced by a statement in 
French by the director of the Institute, Prof P 
Savié, concerrung the unfortunate accident which 
occurred to the nuclear reactor, RB, on October 15, 
1958, at the Institute Six people, who were very 
close to the reactor, recerved strong doses of neutron 
and ionizing radiations and two others, who were 
not so close, doses above the peimussible level The 
SIX were given medical treatment at the Curie 
Hospital im Pars, but one, V  Zivota, a nuclear 
physicist, died on November 15 The reactor, RB, 1s 
of zero energy and 1s fuelled with natural uranium 
and moderated with heavy water Details of the 
construction of the reactor are given in the first 
article in the volume The safety system consists 
of a control key, safety rods, alarm dose-rate meters 
and an automatic shut down ‘The approach to 
criticality is made by gradually raismg the heavy- 
water level The accident occurred when the reactor 
went out of control m becoming critical Prof Savié 
mcludes in his statement the conclusions of the 
committee of inquiry set up by the president of the 
Federal Commission for Nuclear Energy to report on 
the accident On October 15, the committee reports, 
neither the alarm dose-rate meters nor the auto- 
matic control were functionmg, and the personnel 
were judging the state of the reactor by the amount 
of ozone they could smell in the arr The rise in 
power of the reactor had been detected by the strong 
increase in gamma-radiation, within an interval of 
ten munutes, on automatic recorders of the activity 
in the atmosphere, placed at 540 metres from, and 
in direct line with, the reactor An estimate of the 
radiations received by the injured persons is given 
in the article and shows that a total dose of about 
683 rems was recerved, of which about 388 rems was 
by neutrons The amount received individually 
varied according to the distance of the person from 
the reactor, and was about 15 per cent less than the 
quoted value for the farthest distant. 


The Japanese Nuclear Power Station 


THE March number of the General Electric Com- 
pany’s Atomic Energy Review (2, No 1) mcludes an 
artist’s impression of the 150-MW nuclear power 
station designed to be erected at Toka1 Mura, 65 mules 
north-east of Tokyo, and which will be Japan's first 
nuclear power station The General Electric Co 
Ltd has been selected exclusively to negotiate a 
contract for its erection The station will be powered 
by a single gas-cooled graphite-moderated reactor of 
the same basic type as the two reactors at present 
being buit at Hunterston, but will mclude many 
novel features, particularly with regard to structural 
and control considerations It will take approxi- 
mately four years to build and 1s expected to be in 
operation by mid-1963 Other articles in the issue 
mclude a description of the General Electric Com- 
pany’s atomic energy division by K J Wootton, 
manager of the division, a discussion of the first 
sixteen months civil engineering construction at 
Hunterston by F W Evans, examples of corrosion 
problems in gas-cooled reactors by M W Davies, 
and an account of two methods of reducmg tho 
permeability of reactor-quality graphite by D A 
Boyland 


Technical Books 
TEE Atomic Energy Commission of the United 
States has issued a catalogue of 86 technical books 
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published by the Commission, 1947-59 (Technical 
Information Service Technical Books sponsored by 
the US Atomic Energy Commission Pp 40 
Washmgton, D C United States Atomic Energy 
Commussion, 1959 ) The list is arranged by subjects 
and the contents of each volume are mdicated The 
second part of the catalogue similarly lists 26 books 
m the press or 1n preparation on April 1, 1959 


Nutrition Meeting 


Tue Nutrition Meeting for Europe of the Food 
and Agriculture Organization of the United Nations 
at Rome, June 23-28, of which the report has now 
been published (Report Series No 21 Report of 
the Food and Agriculture Organization Nutrition 
Meeting m Europe, Rome, Italy, 23-28 June 1958 
Pp 1x+28 Rome Food and Agriculture Organı- 
zation of the United Nations, London HM 
Stationery Office, 1958, 28 6d , 050 dollar), was 
concerned with food consumption with special refer- 
ence to fat consumption and with education and 
tramung m nutrition. With regard to the first, the 
meeting recommended the Organization to take all 
possible steps to foster mnprovernents m the tech- 
mques of food consumption surveys, and of the 
reporting and analysis of their results, so as to ensure 
their maximum utihty It also recommended periodi- 
cal meetings of European nutrition workers and that 
an expert committee or study group, in co-operation 
with the World Health Organization, should consider 
the problem of fat consumption and coronary disease 
m European and other countries The need for 
further extensive studies of the fatty acid content 
of foods ıs emphasized ın the report and also of 
further research to establish satisfactory tables for 
fatty acid composition The present situation was 
reviewed with respect to education and trammg 
in nutrition, stressmg the lack of suitably tramed 
teaching staff The contact between competent 
research groups, educational authorities and teachers 
was also considered Further, reference was made to 
the narrow and unbalanced approach in teaching 
nutrition and the absence of refresher courses for 
teachers dealmg exclusively or meidentally with 
nutrition The meeting strongly supported the plea 
for a seminar m 1959 to study these questions m 
greater detail and to suggest better practical ap- 
proaches The main purpose of the semmar would be 
to examine the scope and effectiveness of education 
and trammg m nutrition m Europe It would also 
formulate proposals for developmg and orientating 
such trainmg by government departments and other 
agencies, and to promote co-operation and co- 
ordination between the diseiphnes and agencies 
concerned and between those engaged im traming and 
research The report outlines an agenda for a semmar 
of 12-14 days for 50 to 60 people 


Central African Scientific Research 


A FURTHER 105 papers published m 1957 by 
members of the staff and research workers associated 
with the Institute for Scientific Research ın Central 
Africa are listed in the second part of the tenth 
annual report of the Institute, makme a total of 
792 Brief abstracts of these papers constitute the 
rest of this part of the report (Institut pour la 
Recherche Scientifique en Afrique Centrale Dixióme 
Rapport Annuel, 1957 Pp 228 Bruxelles Institut 
pour la Recherche Scientifique en Afrique Centrale, 
1959) In the administrative report, which is illus- 
trated, the director, Prof L van den Berghe, mdi- 
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cates briefly the general character of the scientific 
work of the Institute during the year Prof van den 
Berghe continued his own study of the biology of the 
tsetse flies of Bugesera and Mimuli (Ruanda) and at 
Jiangi, and also on the sexual and asexual cycles of 
Plasmodium atherur Other work was concerned 
with the isolation of factors of growth of trypano- 
somes, and a histopathological study of the hypo- 
physis of small African mammals In nutrition, 
besides an extensive study of maternal milk and the 
variation of its content of amino-acids and protems 
as @ function of the period of lactation, the nutritional 
value of native beers was also mvestigated m the 
region of Lake Kivu and Ruanda-Urundi and the 
experimental kwashiorkor of swine was studied 
An investigation of the fauna of the Belgian Congo and 
Ruanda-Urundi was launched and also of the methods 
and seasons of reproduction of the birds of Tshibati 
In physical anthropology a study of the growth 
of Africans m Ruanda-Urundi was initiated and 
besides an inquiry into the rural economy of Ruanda- 
Urundi, one was commenced mto the low birth-rate of 
the people of the Mongo tribe In the physical sciences 
observations of solar radiation and of the radio- 
electric activity of the Sun conunued, as well as 
studies of the functional efficiency of dwelling 
houses at Bagira, Kabunambo and Usumba 


International Council of Scientific Unions 


Tur Yearbook of the International Council of 
Scientific Unions, 1959 (Pp 77 The Hague Inter- 
national Council of Scientific Unions, 1959), provides 
a comprehensive reference work on the unions 
Besides lists of members of the Executive Board, 
national members of the Council, of countries adher- 
ing to the Union, and of officers of the International 
Scientific Unions, 1t gives the membership of the 
Special Committees and othe: organs of the Inter- 
national Council ‘There is also an alphabetical hst 
of these officers and members, the Statutes and Rules 
of the Council, the text of the agreement between 
the International Council and the Umited Nations 
Educational, Scientific and Cultural Organization and 
the reports for 1957-58 of the Secretary-General of 
the International Council The Commissions of the 
Unions are also detailed and there ıs a calendar of 
arrangements for 1959 

No 2 of Volume 1 (1959) of the International 
Council of Scientific Umons Review mcludes D L V 
Berkner’s presidential address to the eighth General 
Assembly of the Council It also moludes the remarks 
of Sir Harold Spencer Jones, the secretary general, 
on some affairs of the Council and the reports of the 
Special Commutitees for the International Geophysical 
Year, for Oceanographic Research and for Antarctic 
Research The constitution of the Committee on 
Contamination by Extra-Terrestrial Exploration and 
of the Committee on Space Research 1s recorded and 
the report of the former commuü$tee 1s also given 
This Committee believes that there 1s a real danger 
that exploration attempts made withm the next few 
years may produce contammation of extra-terrestrial 
bodies, which would complicate or render impossible 
more detailed studies when the technological prob- 
lems of landing sensitive scientific mstruments on the 
Moon and planets have been solved It recommends 
that a specific code of conduct representing & reason- 
able compromise between the early initiation of 
lunar and planetary exploration and the need to 
safeguard future research should be drafted with the 
minimum of delay 
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Council for the Preservation of Rural England 


TuE twenty-eighth annual report of the executive 
of the Sheffield and Peak District Branch of the 
Council for the Preservation of Rural England for 
the year 1959 (Pp 28 Sheffield Coune for the 
Preservation of Rural England, Sheffield and 
Peak District Branch, 1959) is seriously concerned 
as to the preservation of the National Parks It 
emphasizes the importance of public opmion 
exerting effective pressure through such bodies as 
the Council for the Preservation of Rural England 
if the Peak District National Park, and other national 
parks, are not to be seriously damaged At the 
present time the executive 1s seekmg to prevent 
the desecration of the Manifold valley by a motor 
road and 1s opposmg a major attack on the Green 
Belt of the Sheffield Development Plan—at Middle- 
wood ın the Don valley With the local authori- 
ties and others the Branch vigorously opposed 
the proposals to prospect for opencast coal m the 
Troway valley, but the recent Government statement 
that areas of natural beauty will no longer be marred 
for this purpose should put an end to prospect- 
ing in this area It 1s pomted out, however, that ab- 
sence of national funds prevented the Peak Park 
Branch from petitionmg against the Waterworks 
Bul which proposes to submerge the Oler valley, 
one of the few remaining valleys leading to the heights 
of the Peak District National Park 


Society of Environmental Engineers 


A Society of Environmental Engmeers has been 
formed to provide a forum, by meetings, publications 
and visits, for the exchange of information and views 
among those engmeers who are concerned with the 
development of equipment to withstand shock, vibra- 
tion and other forms of environmental conditions, and 
who carry out research ın these fields The first meet- 
ing was held in London on May 29 Some fifty mem- 
bers and guests attended and papers reviewing the 
field of work were presented by Mr D A Nutt 
(Armstrong Whitworth Aircraft, Lid), Mr F I L 
Knowles (Ministry of Supply) and Dr P Grooten- 
huis (Imperial College of Science and Technology) 
Future meetings are to be on November 25 and Feb- 
ruary 17 at the Imperial College The first annual 
general meeting of the Society will be held on March 
30 at the Royal Society of Arts Further information 
ean be obtamed from the Secretary, Society of 
Environmental Engineers, 42 Manchester Street, 
London, W 1 


Progress of Chemical Engineering 


In the presidential address to the Institution of 
Chemical Engmeers on April 28, Sir Hugh Beaver 
discussed the development and progress of chemical 
engineering m Britam, particularly in comparison 
with other countries  Pomtimg out that chemical 
engineering was now acknowledged as the fourth 
great technology, Sir Hugh thought that the Zucker- 
man Commiuttee’s estimate of our requirements of 
chemical engmeers was too low The figure of about 
4,400 was below the present membership of the 
Institution—5,900 in 1959, and recent calculations of 
membership put the figure for 1965 at 8,800 and for 
1967 at 11,100 Although the rate of morease had 
changed greatly m the past eight years, only m the 
past two or three had 1t approached the rate of increase 
in the United States All these calculations, bow- 
ever, involved a change of attitude and policy as 
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well as of methods m British ndustry as would 
enable industry to absorb these numbers, and Sir 
Hugh regarded the mereased application of chemical 
engineering as a measure of the use of modern tech- 
niques of manufacture Referring to the trammg of 
the chemical engineer, Sir Hugh favoured our system 
of three, or at most four, years college education 
followed by practical trammg He also said that the 
works traming must be scientific and methodical, 
carefully thought out and systematically applied, 
and the system of education, while avoiding the 
specialization of the Contment, must produce a 
sufficient proportion of research students None of the 
industrialists he consulted had any doubts as to the 
need for a broad-based trammg, but Sir Hugh stressed 
the need for an open mind on this subject With 
regard to research, he felt that much more should be 
sponsored, especially industry Further, liaison 
between industry and university was essential for 
our national progress 


Haida Carvers 


A DEPOSIT of the hard, dark shale called argilhte 
was discovered in the Queen Charlotte Islands in the 
1820’s, and Haida Indian carvers soon began to 
exploit ıt as a material for a variety of objects, which 
they sold as curios This has continued to the present 
day Many of the objects are miniature copies of the 
larger carvings ın wood, especially totem poles and 
chests, but tobacco pipes, bowls and plates were 
often made and are common m museum collections 
There are also rarer objects, such as flutes 

Prof Manus Barbeau ıs well known foi his work 
on the North-West Coast Indians, and has recently 
published another of his many monographs on the 
subject (Canada Department of Northern Affairs 
and National Resources National Museum of 
Canada Bulletn No 139 “Haida Carvers in Argil- 
hte" By Marius Barbeau Pp vii+214 Ottawa 
Queen’s Printer, 1957 3 dollars) It 1s a sequel to 
his previous book, “Haida Myths illustrated in 
Argillite Carvings", and 1t deals, as its title implies, 
chiefly with the carvers themselves, but 1b is à com- 
plete work in itself It ıs packed with information, 
but 1s somewhat haphazardly arranged There are 
numerous 1llustrations but no list of them, and there 
is a table of contents but no mdex, the nature of 
the material puts difficulties in the way of providing 
an adequate index, but the book would have been 
easier if a hst of the objects illustiated had been 
given, grouped according to their present location A 
brief account of the carvers at the village of Skidegate 
1s followed by five sections, each dealing with a par- 
ticular type of object, and the remainder consists of 
notes on individual carvers The book 1s full of 
inteiest, and the carvers, many of whom the author 
has known personally, hve agam under his hand 
There has been a tendency to deprecate these argil- 
lite carvings, on the ground that they were mostly 
made for sale and hence were a product of accul- 
tuiation and not truly mdigenous Prof Barbeau 
has done a great service in directing attention to 
their value as works of art in their own right, made 
by skilled carvers who not only worked faithfully in 
ther own traditions, but were also capable on 
occasion of representing extianeous objects in their 
own style 


New Floristic Studies 


ATTENTION may be directed to two new and 
considerable floristic studies C Schwemfurth 
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has added a further contaibution on the “Orchids of 
Peru” (published in Freldiana Botany, 30, No 2; 
Chicago Natural History Museum, March 1959, 
4 dollars 50 cents) The work ıs m the usual format 
for this series, and 1s mamly devoted to two consider- 
able genera, namely Pleurothalhs and Epidendrum 
Ten other genera with a smaller number of specics 
are also considered All the available information 
has been used in preparing this volume, though some 
of the records are understandably still rather scanty 
The publication is wel) illustrated by hme drawmgs 

J P M Brenan has made a futher contribution 
to the “Flora of Tropical East Africa”, the portion 
now published dealmg with Leguminosae subfamily 
Mimosoideae (publ Crown Agents for Oversea 
Governments and Admunistrations, London, May, 
1959, price 125) The mam features of the sub- 
family are set out together with a bibliographical 
commentary and there is an analytical key to the 
genera based on vegetative and fiuit characters, 
there are also analytical keys to the species within 
individual genera The text contains much useful 
descriptive matter dealmg with distribution, habitat, 
ete , and js illustrated by lme drawings 


Royal Commission for the Exhibition of 1851 
THE followmg awards have been made for 1959 

Sensor Studentsheps D W Barnes (University of 
Oxford) for research ın pure mathematics at Tubm- 
gen, P J Goodford (University of Oxford) for 
research m pharmacology at Oxford, A V Grm- 
stone (University of Cambridge) for research in 
zoology at Cambridge, D O Hayward (Imperial 
College of Science and Technology) for research m 
physical chemistry at the Imperial College of Science 
and Technology , M Wells (University of Cambridge) 
for research m physics at Cambridge The Senior 
Studentships are of the value of £800—£900 a year 
and tenable ordinarily for two years Overseas 
Scholarships G F O Langstroth (Dalhousie Univer- 
sity) for research m physics at University College, 
London, A J McComb (University of Melbourne) 
for research in plant physiology at Kung's College, 
London, J W White (University of Sydney) for 
research in physical chemistry at Oxford , Miss 8 G 
Page (University of New Zealand) for research m 
biophysics at University College, London, A 
Chisholm (University of New Zealand) for research in 
physics at Liverpool, M H Proctor (Trinity College, 
Dublin) for research m biochemistry at Cambridge , 
A J Ganguly (University of Delhi) for research 
in organic chemistry at the Imperial College of 
Science and Technology, London , M Jameel (Univer- 
sity of Karachi) for research ın physics at Cambridge 
The Overseas Scholarships are of the value of £550— 
£650 a year and tenable for two or three years 


American Academy of Arts and Sciences Foreign 

Honorary Members 

THE American Academy of Arts and Sciences, at 
its 179th annual meeting on May 13, m Boston, 
elected 113 new Fellows from the United States, 
and 21 new Foreign Honorary Members as follows : 
Sır John Eccles, Austrahan National University, 
Canberra , Jean Brachet, Université libre de 
Bruxelles, Georges Braque, Paris. Albert Camus, 
Paris, Jean Leray, Collége de France, Paris, Max 
Born, Bad Pyrmont, Germany, George Keith 
Batchelor, Cambridge, Sir Isaiah Berlm, Oxford , 
Sir Lawrence Bragg, Royal Institution, London, 
Frank C Francis, British Museum, London, Anna 
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Freud, London, David Kein, Cambridge, P B 
Medawar, University College, London, Sir George 
White Pickermg, Oxford, Ronald Syme, Oxford, 
Federico Chabod, Croce Institute, Naples, Hitoshi 
Kihara, National Institute of Genetics, Misima , 
Carlos Chavez, Mexico City, M. G J Muinnaert, 
University of Utrecht, Alf A Sommerfelt, Uni- 
versity of Oslo, A N Kolmogorov, Academy of 
Sciences, Moscow 

At the same meetmg Dr Kwtley F Mather, 
emeritus professor of geology, Harvard University, 
was re-elected president for another year 


University News . Bristol 


THE following appomtments have been made 
Dr J T Martm to a readership m chemistry of 
insecticides and fungicides Lectureships have been 
conferred on Dr E W Abel (inorganic chemistry), 
Dr E F _ Burbridge (electrical engmeermg) and 
R H.C Penny (chemical pathology , vetermary) 


University College, Dublin 

Dr A L Kapoor of the National Chemical 

Laboratory, Poona, has been appointed an ICI 
Fellow in Chemistry at University College, Dublin 


Liverpool 


THE followmg appomtments have been made to 
take effect from October 1 Dr B Collmge, reader 
in physics, Dr P M Sheppard, reader m genetics 
The followmg have been appointed to senior lecture- 
ships Dr A. K Holhday, morganic and physical 
chemistry, Dr N § Jones, marme biology, Dr 
T M Flett, pure mathematics, Dr A Ashmore, 
physics; Dr EH D  Parbrook, physics-acoustics , 
Dr V H Leck, electronic engmeermg, Dr R $ 
Benson and Dr N G Calvert, mechanical engmeer- 
ing, Dr F T W. Jordan, vetermary preventive 
medicine 


University College of North Staffordshire 


Dr D J E INGRAM, at present reader m elec- 
tronics m the University of Southampton, has been 
appointed professor of physics, to take effect from 
October 1 


Nottingham 

THE followmg appointments have been made to 

take effect from October 1 Dr K J Standley, toa 

readership m physics, Dr G E Lammmg, to a 

readership ın anımal physiology , Dr M Woodbine, 
to a readership in agricultural microbiology 


Sheffield 


Tax followmg appomtments have been announced 
Dr D E Bourne, lecturer m applied mathematics , 
Dr R S Duff, senior lecturer in medicme, I E 
Gillespie, lecturer m surgery, D W  Warrell, lec- 
turer m obstetrics and gynaecology, L Grimshaw, 
lecturer in psychiatry 

Swansea 

Pror F LLEWELLYN JONES, professor of physics, 

University College of Swansea, has been appointed 


acting principal of the College until such time as a 
new principal takes office 


Announcements 

Dr P T HasELLL has been appointed deputy 
director of the Anti-Locust Research Centre, London, 
m succession to Dr T H C Taylor, who became 


NATURE 


August 8, 1959 von 184 


director on the retirement recently of Dr B P 
Uvarov (see Nature, 183, 1160, 1959) Dr Haskell 
has been at the Centre smce 1955, and was previously 
lecturer ın entomology ın the Imperial College of 
Science and Technology, London Most of his 
published work has been concerned with sensory 
physiology, especially the production and perception 
of sound im insects. 


Da Cart F Kossack, formerly head of the 
Department of Mathematics and Statistics at Purdue 
University, has Joined the research organization of 
the International Busmess Machines Corporation at 
the Lamb Estate Research Center m the Town of 
Cortlandt, New York Dr Kossack 1s manager of 
the newly formed Statistics and Operations Research 
Department Dr Kossack gamed his B A and MS 
degrees in mathematics at the University of Califorma 
and his Ph D degree n mathematical statistics from 
the University of Michigan 


A jorwT meeting of the Challenger Society and 
representatives from the marine laboratories (Develop- 
ment Commussioners’ scheme) will be held at the 
Guildhall, Conway, North Wales, on October 28 
and 29 Further particulars of the meetmg can be 
obtamed from Dr H O Bull, Dove Marme Labora- 
tory, Cullercoats, Northumberland 


Tae USSR Academy of Sciences began to pub- 
lish ın the Russian language ın 1959 the followmg 
new journals (m brackets, the first figure mdicates 
number of issues per annum, the second figure, the 
price in roubles per annum) Haegh Molecular Com- 
pounds (12, 150) , The Geology of Ore Deposits (6, 72) , 
Paleontological Journal (4, 60); Radsochemasiry (6, 
72), The Physws of the Sold Body (12, 150) , Cytology 
(6, 72), Soviet Slavi Studies (4, 50) 


THs Commonwealth Scientific and Industrial 
Research Organization of Austraha has issued a 
pamphlet hstimg the Organization’s Divisions and 
Sections, as at January 1, 1959, giving the address of 
each and its laboratories, and the names of the 
Officers-m-Charge State Committees are also listed 
Publications of the Organization, to December 31, 
1958, meluding those of its predecessors, are listed 
In a separate pamphlet 


VoruxE XV of the Collected Papers of the Rowett 
Research Institute (Bucksburn Rowett Research 
Institute, 1959) contams an account of work of 
the Institute, lists of members of 1ts governing body 
and scientific staff and of 88 published papers, 
reprints of most of which are available, as well as a 
summary, by the Director of the Institute, of the 
contents of published papers of the Institute 1957—58 
so arranged as to mdicate the scope, contmuity and 
integration of the research programme Two subject 
reviews are also included by J J Bullen on exper:- 
mental reproduction of enterotoxemia of sheep and 
byJ Duekworth on Institute research on the skeleton. 
in lactation and growth 


THE Department of Scientific and Industral 
Research will shortly resume publication of its 
Technical Digests, last issued in 1957 Their object 
1s to direct attention to useful ideas appearmg in 
technical literature, and followmg an initial free 
distribution to industrial firms they will be available 
at an annual subscription of £3 3s A reduction will 
be offered for supplies in. quantity The digests will 
be published monthly, each bemg prmted on a 
separate sheet of paper 
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THE TWO CULTURES AND THE SCIENTIFIC REVOLUTION 


IR CHARLES P SNOW’S Rede Lecture* for 

1959 carries forward to a significant extent the 
old arguments concerning those subjects commonly 
spoken of as the humanities on one hand and the 
sciences on the other The teaching of the history 
and sociology of science to arts students and the 
teaching of the history of art and literature to science 
students 3s better than nothing, though ıt 1s difficult 
to see how the history of science can make much 
impact without a knowledge of the methods and 
results of scientific mvestigation The corpus of 
knowledge of all types 1s now so vast that 16 1s foolish 
to look back to a Hellenic or Thomistic attempt at a 
synthesis 

Sir Charles Snow 1s both a literary man and a 
scientist and ıs able to see each side of the problem 
from the other He seems to find the smug, self- 
contentment of many of the hterary men more 
dangerous and irritating than the failure of some 
scientists to realize the implications of their own work 
m the broader field of human knowledge and aspira- 
tion "Why do most writers take on social opinions 
which would have been thought distinctly unervilized 
and démodé at the time of the Plantagenets ? 
Wasn't that true of most of the famous twentieth- 
century writers? Yeats, Pound, Wyndham Lewis, 
mine out of ten of those who have dominated literary 
sensibility m our time—were they not only politic- 
ally silly, but pohtically wicked ? Didn’t the mfluence 
of all they represent bring Auschwitz that much 
nearer ?" 

But ıt 18 1l-considered of scientists to Judge writers 
on the evidence of the period 1914-50 Literature 
changes more slowly than science It has not the 
same automatic corrective and so its misguided 
periods are longer 

“At one pole, the scientific culture really 1s a culture, 
not only m an mtellectual but also m an anthropo- 
logical sense Its members need not always com- 
pletely understand each other—biologists more often 
than not will have a pretty hazy idea of contemporary 
physics—but there are common attitudes, common 
standards and patterns of behaviour, common 
approaches and assumptions This goes surprisingly 
wide and deep It cuts across other mental patterns, 
such as those of religion or politics or class In 
their working, and m much of their emotional hfe, 
ther attitudes are closer to other scientists who m 
religion or politics or class have the same labels as 
themselves At the other pole, the spread of attitudes 
is wider It 1s obvious that between the two, as one 
moves through mtellectual society from the physicists 
to the literary mtellectuals, there are all kinds of 
tones of feeling on the way But I believe the pole 
of total imeomprehension of science radiates its 
influence on all the rest That total mcomprehension 
gives, much more pervasively than we realize, living 
m 15, an unscientific flavour to the whole ‘traditional’ 
culture, and that unscientific flavour 1s often, much 
more than we admit, on the pomt of turnmg anti- 
scientific Once or twice I have been provoked 
(by the ‘non-scientists’) and have asked the company 
how many of them could describe the Second Law of 


* Published by the Cambridge University Press 


Thermodynamics The response was cold 16 was 
also negative Yet I was askimg something which 
1s the scientific equivalent of Have you read any 
work of Shakespeare’s ?” 

Little purpose ıs served by cataloguing the dismal 
ignorances m many arts people of the simplest, 
fundamental principles of science “The separation 
between the scientists and non-scientists 1s much less 
bridgeable among the young than 16 was thirty years 
ago, then they managed a kind of frozen smile 
across the gulf Now the politeness has gone and they 
Just make faces It ıs not only that the young 
scientists now feel that they are a part of a culture 
on the rise while the other 1s m retreat Its also, to 
be brutal, that the young scientists know that with 
an indifferent degree they will get a comfortable job 
while their contemporaries and counterparts ın 
English or History will be lucky to earn 60 per cent 
asmuch No young scientist of any talent would feel 
that he 1s not wanted or that his work is ridiculous 
as did the hero of Lucky Jim, and m fact some 
of the disgruntlement of Amis and his associates 
18 the disgruntlement of the under-employed arts 
graduates ” 

Sir Charles insists that we should completely re- 
think our education “Nearly everyone will agree 
that our school education is too specialzed But 
nearly everyone feels that ıb 1s outside the will of 
man to alter it Other countries are as dissatisfied 
with their education as we are, but are not 80 resigned 
Because of our intense specialization, alleged by 
schoolmasters to be dictated by the Oxford and 
Cambridge Scholarship examinations, we have set 
ourselves the task of producmg a tmy élite—far 
smaller proportionately than in any comparable 
country—educated ın one academic skill”? Snow 
takes as an example the old Cambridge Tripos which 
seemed to be perfect ın all respects save one The 
one exception was—so the young creative mathe- 
maticians, such as Hardy and Littlewood, kept saying 
—that the trammg has no intellectual merit at all 
They went a httle further and said that the Tripos 
had killed serous mathematics in England stone dead 
for a hundred years 

While we are beginning, after many years, to under- 
stand the scientific and social implications of the 
industrial revolution and to understand the develop- 
ment in teaching technology m Germany in the 
mneteenth century and m the United States and 
USSR ım later years, we are still far from grasping 
the meanmg of the scientific revolution, by which 1s 
meant the transformations made m mdustry and its 
effects because of electronics, atomic energy, auto- 
mation and modern forms of machine tools 

We have failed to keep pace with the new scientific 
revolution—"'roughly if we compare like with like 
and put scientists and engineers together we are 
training at a professional level per head of the 
population one Englishman to every one and a half 
Americans to every two and a half Russians In 
Russia the gap between the cultures does not seem 
to be as wide as ıt ıs with us If one reads contempor- 
ary Soviet novels, for example, one finds that their 
novelists can assume in their readers—as we cannot 
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—at least a rudimentary acquamtance with what 
industry 1s all about’ The latest figures of graduates 
tramed per year (scientists and engineers combmed) 
are roughly United Kingdom, 13,000 , United States, 
65,000, USSR, 130,000 One-third of Russian 
graduates i» engmeermg are women “It ıs one of 
our major follies that we do not in reality regard 
women as suitable for scientific careers We thus 
drvide our pool of potential talent by two ” 

“We are left with a population twice as large as 
we ean grow food for, so that we are always gomg 
to be au fond more anxious than France or Sweden, 
and with very httle m the way of natural resources— 
by the standard of the great world powers, with 
nothmg The only real assets we have, m fact, are 
our wits Those have served us pretty well, m two 
ways We have a good deal of cunning, native or 
acquired, in the arts of getting on among ourselves 
that 1s a strength, and we have been inventive and 
creative, possibly out of proportion to our numbers 
Given these two assets, and they are our only ones, 
it should have been for us to understand the scientific 
revolution first, to educate ourselves to the limit and 
give a lead In some fields, like atomic energy, we 
have done better than anyone could have predicted 
Within the pattern, the rigid and crystallized pattern 
of our education and of the two cultures, we have 
been irymg moderately hard to adjust ourselves 
The historical warnings are all there For instance, 
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the Venetian Republic m its last half-century was 
guided by patriot men, who had immense political 
skill, who knew that the current of history had 
begun to flow against them They were fond of 
the comfortable pattern of then life, just as we 
are fond of ours They never found the will to 
break ıt " 

There 1s yet another danger The large masses of 
poor m the undeveloped countries will not allow 
themselves to live for ever m a world in which large 
sections have become rich through industry A new 
missionary spirit, both human and technical, is essen- 
tial 

“Closing the gap between our cultures 1s a necessity 
m the most abstract intellectual sense, as well as 1n 
the most practical When those two senses have 
grown apart, then no society 1s going to be able to 
think with wisdom For the sake of the intellectual 
life, for the sake of this country’s special danger, for 
the sake of the western society living precariously 
rich among the poor, for the sake of the poor who 
need not be poor if there 1s intelligence m the world, 
1t 1s obligatory for us and the Americans and the 
whole West to look at our education with fresh eyes 
This ıs one of the cases where we and the Americans 
have the most to learn from each other We have 
each a good deal to learn from the Russians, if we 
are not too proud Incidentally, the Russians have 
a good deal to learn from us too ” W L SUMNER 


COAL SCIENCE 


HE third bienmal International Conference on 
Coal Science was held at Valkenburg, m the 
Netherlands, durmg April 27-30 The Munmeipahty 
kmdly allowed the Conference to be held im the 
Munie;pal Theatre, and the greatest hospitality and 
interest were shown throughout by the burgomaster, 
F A A H Breekpot 
On this occasion the number of participating 
countries inereased to fourteen, newcomers bemg 
East Germany, Czechoslovakia, Australia and India 
Authors submitting papers were required to com- 
plete a form mdicating, m telegraphic style, then 
mam new conclusions and iesults, the methods 
and observations from which these were deduced, 
and any special limitations or assumptions mvolved 
in ther interpretation This mformation was found 
by the organizers to be more helpful than the con- 
ventional summary (or on occasions the paper itself) 
m. deciding whether a paper was acceptable, 1t was 
also useful in evaluating the conclusions of the Con- 
ference and the interrelation of papers The proceed- 
ings of this Conference will not be published as a 
whole, but papers will be submitted by ther authors 
to journals of their own choosmg A 
Discussion was unusually hvely and fruitful, and 
a large proportion of novel work was presented In 
several cases widely accepted ideas were apparently 
undermmed, though 15 would be premature to assess 
the importance of the new evidence For example 
a suggestion arose, from the work of 8 Ergun and 
I Wender on the X-ray scattermg of vrirmites 
reduced with lithium m ethylene diamme, that 
partially reduced aromatic and/or alicyclic mole- 
cules may lead to reflexions in the angular region 
where the (10) and (11) reflexions of aromatic mole- 


cules occur This awaits direct experimental test, but 
1f com ect 1t may throw doubt upon the derivation of 
aromatic layer sizes in coal, for example, by Hirsch 
and Diamond Ergun and Wender also demonstrated 
an increase of layer-spacmg on reduction, even m 
graphite 

Smularly, an interpretation of data obtained on 
coal by high-resolution magnetic resonance spectro- 
scopy, by J K Brown W R Ladner and N 
Sheppard, yielded a structural distribution of non- 
aromatic carbon atoms which may prove mcom- 
patible with the present consensus of opinion on the 
chemical structure of coal As a third example, 
R L Bond and D H T Spencer illustrated the 
madequacy of existmg mterpretations of sorption 
data obtamed with mert gases on coal and of heats 
of wetting of coal m polar hquds, a question 
thought by many to have been settled, at least in 
prmoiple 

These, and the other thirty-three papers presented, 
were grouped under four heads, as follows 


Chemical Reactions of Coal 


E S Hammack, H G Davis and F B Biown 
estimated the content of phenolic hydroxyl in vitrains 
by titration with sodium aminoethoxide in ethylene 
diamine, by trimethylsylylation and by acetylation 
They found reasonable agreement between these 
methods and noted the impoitance of particle size 
Acetylation was studied by S  Delavarenne, A. 
Halleux and H Tschamle:, who also confirmed the 
presence of qumone groups in coal extracts, by 
reductive acetylation and reduction with copper/ 
hydrogen sulphide They observed the corresponding 
changes m the infra-red spectra and showed that the 
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reduction was to a large extent ieversible In both 
papers, tests of the quantitative accuracy of the 
methods by experiments on model compounds such 
as quinones were reported  Kvidence for the presence 
of thioether groups m coals to the extent of 15-90 per 
cent of the organic sulphur content was put forward 
by L Wnekowska The difficulty of combining all 
known observations on the chemical and physical 
nature of coal, together with the elementary analysis, 
1n à structural model was emphasized by P H Given, 
who by comparison of data and expermments with 
atonue models had been able to find only one satıs- 
factory pattern of structure the essential feature 
of this was thet any pan of aromatic fused ring 
clusters 1s bound together by two methyleno bridges 

E J Greenhow and J W Smith showed that 
pitch can be regarded as a solution of phenolic or 
basic compounds of medium molecular weight m a 
lelatively non-polar solvent, results suggested that 
the physical properties were mfluenced by inter- 
moleculai association 

There were three papers on chromatographic sep- 
aration of oxidation products of coal by F Micheol, 
J E Germam and F Valadon, and G J Lawson 
and S G Ward The first author had isolated small 
yields of amine, anthracene, substituted anthra- 
quinone, tetraphene and fluoranthene from ar- or 
nitric acid-oxidized coals, the second group had 
identified various benzene polycarboxylic acids, and 
the third, malonic, suecinie and l-tartarıc acids 
S Landa had studied hydrogenation of model sub- 
stances, montan wax and humue acids extracted from 
brown-coal, with tungsten and molybdenum sulphide 
catalysts Hydrocarbons with two to three fused 
aromatic rings and side-chains were found among 
the pioducts from treatment of the humic acids 


Ultra-fine Structure of Coals and Chars 


M Weclewska discussed the mfluence of sorption 
on coals of organic vapours on ther elasticity, and 
the consequent dimensional changes S Ergun, 
W F Donaldson and I Breger showed that apparent 
changes m rank mduced in coals by «-particles origin- 
ating from natural mpregnation by uranium differed 
from those caused by normal coalification processes 

J L Soulé and S Durif demonstrated, by measure- 
ments of small-angle X-ray scattering, the presence 
m a wide range of coals of pores of sizes 22-25 A 
and the variation of this characteristic with tempera- 
ture of carbonization, they also deduced absolute 
values of specific mternal surface In the carboniza- 
tion temperature range 500-700°C these surface 
areas agreed with those estimated by P Chicho and 
S Prégermain from adsorption of water and methanol 
vapours 

Sorption of pyndme by carbonization products, 
ther solubility in ıt and ther swellng in various 
organic liquids, were studied by A Ladam and P 
Payen Impoitant changes were mdicated m the 
region 400-500°C S8 J Gregg and M I Pope had 
studied the effect, on the electrical conductivity of 
coal artefacts, of pressure and of exposure to 
atmospheres of vaiious humidities J J Kopling 
and R B Wilson, from a study of the sorption of 
gases and vapours on chars prepared by carbonizing 
synthetic polymers, demonstrated the presence of 
mucrocapillaries of 5-10 A diameter, molecular sieve 
properties of the structure, and the effect of steam 
activation m opening up this structure A Cameron 
and W O Stacey combined measurements of mternal 
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surface area, apparent density and measurement of 
internal volume with the porosimeter to demonstrate 
the presence of two distinct pore systems m chars 
prepared from brown-coals The presence in 600— 
900°C chars of cavities of some 25 A linked by 
passages less than 10 A wide was infeired 


Spectroscopy of Coals 


There were two papers on mass spectroscopy 
One, by J C Robb and H W Holden, was concerned 
with the volatile products ether volatihzed oi 
liberated by pyrolysis when coal was heated m the 
10n source Interesting identifications in relation to 
temperature range were made The other, by R I 
Reed and W Snedden, was chiefly concerned with 
the fragments produced from aromatic compounds 
and thus widened the background available foi mter- 
preting results with coals Electron magnetic reson- 
ance spectroscopy had been used to study coals m 
course of carbonization under vacuum, by J Smidt 
and D W van Krevelen In addition, the time of 
relaxation T', was measured as a function of tempera- 
ture J Uebersfeld had applied combined nuclear 
and electron magnetic resonance measurements and 
found evidence of interaction between protons and 
free radicals m coals of low rank, exchange interaction 
m those of high rank Light spectroscopy was 
represented m two papers, by R A Durie and J 
Szewczyk and by S Ergun and J T MacCartney 
The first was concerned with a long wave-length 
absorption edge which moves mto the infra-red with 
mcreasing temperature of pyrolysis The magnitude 
of a corresponding energy gap m the structure was 
discussed in relation to the graph of polynuclear 
aromatic structures In the other paper an attempt 
was made to establish specific reflectance of coals 
as a significant structural parameter, related to 
the hydrogen/carbon ratio and to the diamond and 
graphite structures as extremes 


Carbonization 


C Kroger, R Brucker, M Klatt and E Bade had 
studied the maceral species exmite and vitrimte by 
pyrolysis under high vacuum They discussed the 
origin of the hquid and gaseous products determmed 
A M Wandless and G W Fenton described coking 
tests, on coals of 84, 85 and 87 per cent carbon con- 
tent, that mdicated a beneficial effect on the coke 
strength of the maceral mertinite as a constituent 
in the coal blend at the two lower levels of rank 
D W van Krevelen, F J Huntjens and A H Wilms 
presented a thorough study of strength of coke in 
relation to particle size of coal carbonized A D 
Damton, W G Kaye and J W Phillips described 
the effect of macerals on volume changes 1n briquettes 
during carbonization A F Boyer and P Payen 
threw doubt on the interpretation of an apparent 
exothermic peak found m the differential thermal 
analysis of certam coals, they considered this to 
result from an increase of conductivity due to agglut- 
mation Finally in this series there was an out- 
standing paper by P M J Wolfs, D W van Krevelen 
and H. I Waterman on the carbonization of synthetic 
polymers contammg aromatic umts Inked by 
methylene bridges labelled with radioactive carbon ; 
them fate on pyrolysis could be readily followed 
The course of chemical decomposition was thus related 
to other measurements on the polymer, for example, 
in a dilatometer test and a thermobalance 
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M F Kessler and V Veéerikova 1eported a variety 
of physical and physicochemical measurements on 
cokes and related them to hardness and reactivity 
J H Ehretsmann and R C Seymour had studied 
the gaseous products and thermochemistry of the 
formation and decomposition of surface oxides on 
charcoals H Guérm and M Bastick demonstrated 
the importance of microporosity during gasification 
of coke between 800? and 1,000 C © Heuchamps, 
L Bonnetam, X Duval and M Letort showed that 
the apparent energy of activation of the combustion 
of graphite varied with temperature and extent of com- 
bustion, and was a complex function of heterogeneity, 
porous structure, impurities and reaction mechanism 

It 18 appropriate after three successive occasions 
when the burden of orgamzation has largely been 
borne by the Dutch State Mines to add an apprecia- 
tion of the magnifieent arrangements made by the 
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scientific and administrative staff of that body The 
never failing resourcefulness of Mr W J R Berkx 
in all aspects is especially worthy of mention The 
moving spirit behind these conferences has been the 
president, Prof D W van Krevelen, and 1t must be 
recorded with regret that he has now resigned the 
presidency in view of his pending transfer from the 
coal to the plastics industry To mark the occasion, 
tributes were paid at the end of the Conference by 
R Loison, I G C Dryden and M-Th Mackowsky 
on behalf of the French-, Enghsh- and German- 
speakmg sections of the audience Prof van 
Kievelen's impact on coal science has occurred only 
withm the past ten years , yet, owing to the original 
and prodigious output of his research teams, he has 
left nothing unchanged The Conference wished him 
every success m his new field of endeavour 
IG C DRYDEN 


CURRENT RESEARCH ON NOISE 


T ıs only within recent years that acoustic noise, 
I once studied simply for its effect on hearmg and 
annoyance, has proved important m physical systems 
Noise has long been a source of annoyance, 1s 
effects on working efficiency have been clear when 16 
has interfered with speech communication, less clear 
in causing fatigue , and for years it has been realized 
that contmued excessive noise can cause permanent 
deterioration of hearimg—‘boilermaker’s deafness’ has 
long been known 

These effects are still with us, ın mtensified form, 
since with the mereased power of machines to-day, 
noise—as a by-product of this power—is increasing 
also For this reason, the physical aspects of noise 
have come to the fore The intense fluctuating 
pressures m the noise field near a jet engme can 
fatigue and fracture the structure of the arrcraft 
The forces on a missile flying through rough air may 
consist largely of random constituents, which need 
to be analysed m some detail to determine whether 
any frequencies are present which may damage the 
equipment in the missile Such analysis 1s, of course, 
similar to that used in many other fields, such as 
radar, and thus acoustic noise problems find ther 
counterparts in other studies 

These different aspects of noise were explored 
recently in two symposia held by the Acoustics 
Group of the Physical Society The first, “Recent 
Studies of Noise Problems", was held at the Imperial 
College of Science and Technology, London, on 
March 24, with four papers on psycho-acoustic piob- 
lems, and two on physical acoustics 


Human Response to Noise 


The general effect of the first group of papers, 
curiously, was that work m many aspects of the 
subject culminated some five years ago in the United 
States, and little advance has been made since 
This was particularly true of the account of noise 
and hearing loss given by Prof W Burns (Charmg 
Cross Hospital Medical School) This subject 1s 
still heavily m debt to the classic report (224-X-2) 
of the American Standards Association, and little 
more has been learnt about safe noise-levels How- 
ever, work 1s contmumg on the effect of age on normal 
hearmg, this will give a better ‘base-lme’ for the 


estimation of hearmg damage, and ıs a subject on 
which the American report was not very satisfactory 

Procedures for evaluation of the loudness of a 
complex sound, however, have progressed very little 
im any country This was discussed by Mr N 
Flemmg and Mr D W Robinson (National Physical 
Laboratory) The National Physical Laboratory 
equal-loudness contours remain unchallenged, but 
they are for pure tones only The various ways of 
dividmg and weighting the spectrum, in order to 
calculate loudness, do not seem very productive, 
while annoyance 1s a factor even harder to measure 
objectively 

Much of this difficulty may be due to the fact that 
pure tones have 1n the past been considered of major 
importance But as speech, and even music, are m 
effect successions of transients, many noises should 
be considered m the same way , and a study of the 
aural effects of transients may be a more fruitful 
approach 

The pomt was, however, made by Mr Fleming 
that the multiplicity of criteria m American psycho- 
acoustic studies may not be needed He pomted out 
the equivalence between the ‘equal-annoyance’ 
contours for community noise, and the readings of 
representative noises on the A weighting of the 
sound-level meter The A weightmg is a valuable 
one for many approximate loudness studies, 1b 1s 
frequently used on the European contment in traffic- 
noise problems 

Further pomts on community reaction to noise 
were dealt with by Mr H J Purkis (Buildmg Research 
Station) The techniques for evaluatmg the annoy- 
ance of different types of noise, developed m America 
some years ago, still appear generally valid, although 
some alterations to suit the differmg susceptibihties 
of English communities are needed It 1s hoped to 
collate several case histories of noise annoyance, 
with the view of obtaming more applicable data 

Dr D E Broadbent (Medical Research Council) 
spoke on the effects of noise on working efficiency 
This 1s a field in which ıt 1s most difficult to obtam 
conclusive results A pattern 1s, however, begmning 
to emerge, connected with the effect of noise m inter- 
rupting attention, noise often seems to interfere 
with tasks necessitating short-term memory An 
overall level of 90 db appears critical, and 16 18 found 
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that, whatever may be the effect on efficiency at 
work, noise inoreases, for example, wastage rate, 
and number of mistakes 


Physical Acoustics 


Two papers on physical noise problems were 
presented Mr D M A Mercer (University of South- 
ampton) dealt with the difficulties mherent ın obtam- 
ing accurate measurements of aircraft noise Such 
factors as ground reflexions, size and behaviour of 
Source can cause eriors of a few decibels , compari- 
sons of, for example, the performance of jet silencmg 
devices may be quite misleading 1f these precautions 
are not taken 

Diesel engine noise was discussed by Dr A E W 
Austen and Dr D Priede (CAV, Ltd) Speed and 
swept volume have been related to sound output, 
there 1s little variation with load, due to the character- 
istics of the diesel engme A quite thorough survey 
has been made of the vibration of different surfaces 
of the engime and their effects as noise producers, and 
sound-levels calculated from these are consistent 
with measured noise-levels 


Aspects of Noise Analysis 


The second symposium, on ‘“‘New Techniques in 
the Analysis of Noise and Vibration", was held m the 
Physics Department of the University of South- 
ampton, as a joint meeting with the Institute of 
Physics The attendance of about 150, drawn from 
diverse fields of physics, engineering and electronics, 
indicated the considerable mterest m the analysis of 
‘noise in the widest sense’ The emphasis was on 
new and projected techniques, standard bandpass 
filtermg methods received little attention 

The meeting was opened by Mr R A Eades 
(Signals Research and Development Establishment, 
Christchurch), wha described the speech spectrograph, 
an instrument capable of examinmg and analysmg 
short samples of sounds, and presenting the analysis 
in à manner similar to that of the visible-speech 
techniques Mr Eades made the mportant pomt 
that, m much of this work, bandpass filters with sharp 
cut-offs are not desirable, due to the ‘rmging’ they 
give, the lowered frequency discrimination of a 
filter of Gaussian or tuned-circuit characteristics is 
amply repaid by freedom from ringing 

Mr G J Herring (Royal Aircraft Establishment, 
Farnborough) described an analogue-to-digital con- 
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verter which converted a fluctuating voltage mto an 
input suitable for a Pegasus digital computer The 
computer could then be used to make an analysis of 
the mput wave-form This method was developed 
because purely analogue methods had proved unsatis- 
factory This paper, and the previous one, led to con- 
siderable discussion , 1t was clear that the problem of 
analysis of random wave-forms was important to many 
workers One point, however, was that the distmetion 
between wave-forms with and without a periodic 
component—a difference important to the statistician 
—was not always made clear, with consequences 
perhaps of unnecessary difficulties ın many analyses 

Mr D M A Mercer (University of Southampton) 
emphasized the practical point that, m any analysis, 
frequency discrimination, stability of estimates and 
ease of computmg were all linked, and could not all 
be maximized at once, great care was needed in the 
planning stages of an analysis Cross-correlation 
techniques were often able to give results unobtain- 
able by straightforward methods 

Dr G M Jenkins (Imperial College of Science and 
Technology, London) discussed the statistical ımplı- 
cations of obtaming a spectrum via an autocorrelo- 
gram It 1s desirable to examine the autocorrelogram 
itself before the Fourier transform process, ın any 
event, some modification to 1t 1s often desirable, to 
obtam a more stable spectrum, but m addition much ` 
information is often available at this stage, and 
different applicable statistical criteria were described 

The ensuing discussion demonstrated much interest 
in the use of axis-crossings of a random function 
Presumably there is a major theoretical break- 
through to be looked for on this topic, but apart 
from this, theoretical and expermmental studies 
demonstrate that axis-crossings carry most of the 
information of a wave-form (apart from magnitude, 
of course) The lmutations of the method, however, 
are not yet known 

The concluding impression of the symposium 
appeared to be twofold first, that ‘noise m the 
widest sense’ is a subject of considerable mterest, 
and secondly, that there often appeared to be a 
considerable gap between the theoretical studies, and 
the work of those concerned with practical noise 
and vibration analysis This leads, at best, to correct 
analyses obtamed with unnecessary difficulty, and at 
worst, analyses which are meanmgless Closmg of 
this gap would be of benefit to all concerned 

Derwent M A MERCER 


BIOSYNTHESIS AND SECRETION OF ADRENOCORTICAL STEROIDS 


T a symposium held on February 14, the Bio- 

chemical Society gathered together a group of 
investigators who described their own work and that 
of others on various aspects of the biogenesis of the 
adrenocortical hormones In an imtroductory paper, 
I E Bush described the chemical nature of the 
steroids under discussion and the application of 
various types of chromatographic procedures to the 
separation and identification of these substances An 
important feature of steroid chromatography 1s the 
very large number of possible compounds and the 
danger of wrong identification if chromatographic 
properties are 1elied upon to the exclusion of others 
This danger may be dimmushed by the use of numerous 


mucrochemucal and spectrophotometric techniques 
The former include acetylation or oxidation (notably 
the removal of the C-17 side chain) on the 10-20 ugm 
scale, followed by observation of the chromato- 
graphic behaviour of the product on paper Spots 
of steroid on paper give various well-known colour 
and very sensitive fluorimetric reactions On the 
physical side a wide range of correlations between 
structure and absorption bands in the infra-red 
region has been established Ultra-violet absorption 
spectra in sulphuric acid and alcohohe alkali provide 
useful information which, in conjunction with paper 
chromatography and comparison with reference sub- 
stances, may provide identifications almost as reliable 
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as those from infra-red spectra New work m Bush's 
laboratory has shown that useful generalizations 
about the behaviour of steroids in partition systems 
can be made usmg Martin’s theory and the Ry 
function of Bate-Smith and Westall For this 
theoretical approach Bush has collected numerous 
Rp values from the literature Not all will agree 
with him on the reliability of these values The 
chromatogram tank ıs not yet a precision instru- 
ment 

J K Grant then reviewed present knowledge of 
the biosynthesis of adrenocortical steroids Here 
there are at least three questions to be answered 
What is the nature of the secretion of the adrenal 
cortex, what sequences of reactions are mvolved in 
the syntheses of the steroids 1n the cortical cells and 
what are the mechanisms of these reactions ? Com- 
plete answers cannot be given The analysis of 
adrenal venous blood collected from ammals and 
from human subjects undergoing adrenalectomy has 
provided direct evidence of the nature of the steroids 
secreted by the adrenal gland Hydrocortisone, 
corticosterone and aldosterone are the principal Cy; 
compounds found The last of these, and a variety 
of others of less physiological importance, ale present 
in trace amounts ‘There 1s mdirect evidence that the 
adrenal cortex ın man secretes a substance which, in 
contrast with aldosterone, promotes the excretion 
of sodium A new steroid (38 16a-dihydroxy-5a- 
pregnan-20-one), which produces this effect ın rats, 
has recently been isolated by Wettstem from the 
adrenal glands of swme There 1s also evidence that 
the adrenal gland secretes androgenic and cestrogenic 
steroids 

Application of a variety of techniques has clearly 
established that adrenocortical steroids may be 
formed in the gland from acetate or cholesterol by 
formation and subsequent hydroxylation of pro- 
gesterone An outstandmg question of major interest 
is the possibility of alternative pathways to those 
origmally proposed These alternatives are concerned 
with the order m which the hydroxylations of the 
key intermediate progesterone proceed, with the 
possibihty that cholesterol is not an obligatory 
intermediate ın hormone formation, and with the 
direct transformation of cholesterol to C,, steroids 
Hydroxylations commonly occur at C-17, C-21 and 
C-118 m that order It has been shown beyond reason- 
able doubt that a C-21 hydroxy steroid cannot undergo 
hydroxylation at C-17 Grant has, however, demon- 
strated that 11$-hydroxylation of progesterone can 
proceed m good yield Hydrocortisone may then be 
formed from 118-hydroxyprogesterone but at iates 
too slow to be of significance in normal biosynthesis 
This alternative pathway may, however, be mpoitant 
in pathological states ^ Despite much suggestive 
evidence and numerous expermments with isotopically 
labelled compounds, it has not been possible to 
establish firmly the existence of alternative path- 
ways from acetate to adrenocortical hormones which 
do not mvolve cholesterol When such pathways 
appear to have been demonstrated, alternative 
explanations of the results have been possible if the 
existence of different metabolic pools of adrenal 
cholesterol ıs assumed In other cases the results are 
unacceptable smce the comparisons between the 
specific activities of precursors and products have 
been made at one pomt in time and not on a kmetic 
basis known to be essential ın order to avoid mis- 
unterpretation of results Despite intensive study, 
the mechanism of steroid hydroxylation has not been 
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elucidated Molecular oxygen and reduced triphos- 
phopyiidme nucleotide are essential It has not been 
posstble to confirm that a transhydrogenase is 
involved m the formation of reduced triphospho- 
pyridine nucleotide It has been suggested that the 
reduced nucleotide is required for the reduction of an 
oxygen activating or transferrmg enzyme contaming 
a heavy metal, but proof ıs lackmg There are, 
however, mdications that the 116-hydroxylating 
enzyme system located in the mitochondria 1s com- 
plex The observation that 2-methyl-1 2-bis-(3- 
pyridyl)-l-propanone (SU 4885) appears to be a 
specific mhibitor of 11$-hydroxylation «m vwo and 
wn vitro has aroused considerable interest 

Adrenal glands of the rat, ox and man have been 
most extensively studied The anatomy and histology 
of these glands were described by T Symungton He 
directed attention to two features which have not 
until recently received adequate attention from 
biochemists the unusual musculature of the adrenal 
veins which may, by restricting blood flow through 
the gland, mfluence steroid biosynthesis, and the 
marked differences 1n histology between the ruminant 
and non-ruminant adrenal cortex The fascicularis 
and reticularis zones, readily distinguished in non- 
rummants, are not distmguished in the rummant 
In the ox, which 1s typical of the rummants, a broad 
zone of ‘compact’ cells fills the cortex from the 
medulla to the promment glomerulosa beneath the 
capsule In man, the fasciculata zone of variable 
width is filled with lypid-laden ‘clear’ cells and les 
between the reticularis zone of ‘compact’ cells and 
the glomerulosa, which 1s very irregular, forming 
islands under the capsule so that glomerulosa cells 
are absent from some sections The ox adrenal gland 
is for this reason a more satisfactory object than the 
human gland for the wm vitro study of the synthesis 
of aldosterone which appears to occur in glomerulosa 
cells "The morphology and histochemistry of ‘clear’ 
and ‘compact’ cells and the influence of corticotrophin 
thereon have been studied in Symington’s laboratory 
using glands removed surgically in two stages for the 
treatment of breast cancer The use of these fresh 
glands has also permitted the study of enzyme 
reactions mvolved in steroid biosynthesis These 
biochemical studies and in addition the results of 
analysis of adrenal venous blood obtained at the time 
of adrenalectomy have been correlated with the 
morphological and histochemical observations It 
would appear from the iesults obtained that ‘clear’ 
cells of the fasciculata zone may function as stores of 
hormone precursor, and that the ‘compact’ cells of 
the reticularis zone, far from bemg the senescent 
cells deseribed by others, may be the site of active 
hormone biosynthesis ‘Clear’ cells are converted to 
‘compact’ cells under tbe influence of corticotrophin, 
which stimulates corticosteroid. secretion, mfluencing 
various steps m the sequence of biosynthetic reactions 
Studies with the electron microscope in Glasgow have 
revealed important differences between the ‘clear’ 
and ‘compact’ cells, the most striking features of 
which are the microvilli, which form extensions of 
the cell membrane running out into the intercellular 
spaces The function of the microvilli ıs unknown, 
but ıt is mteresting to speculate that they may be 
concerned with secretory processes 

P J Ayres described the relation of steroid 
secretion to the histological zones of the adrenal 
cortex, with particular reference to the evidence 
which he has obtaimed in collaboration with Dr and 
Mrs Tart that aldosterone 18 synthesized and secreted 
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by the cells of the glomerulosa zone This work 
developed out of early observations on the rat; these 
supported the view that a steroid active m electrolyte 
metabolism was secreted by the glomerulosa zone, 
relatively mdependent of the pituitary but mflu- 
enced by electrolyte mtake Further mdirect evidence 
followed the isolation of the steroid concerned, 
aldosterone, from whole adrenal extract by the Taits 
in 1952 It was possible to show that aldosterone 
secretion, but not that of corticosterone, 1s dimmished 
in rats on a low-potassrum diet Hypophysectomy 
has a much more pronounced effect on corticosterone 
than on aldosterone secretion m the rat After this 
operation in dogs, the fasciculata-reticularis zone of 
the adrenal gland atrophies and the ‘secretion of 
hydrocortisone and corticosterone falls ; by contrast 
the glomerulosa zone and the secretion of aldosterone 
are unaffected Direct evidence for the preferential 
production of aldosterone m the glomerulosa zone 

“was obtained by the Tarts and ther collaborators by 
incubation of adrenal capsule strrppmgs, to which 
glomerulosa cells were &dhermg, and of tissue from 
the underlymg zone In the ox the 17-hydroxylating 
enzyme system appears to be m the zone lying under 
the glomerulosa only, whereas the 18-oxidase system 
necessary for aldosterone synthesis 1s confined to the 
glomerulosa zone 

A remarkable feature of the adrenal cortex 1s 
its abihty to synthesize all known types of steroid 
hormones R V Short discussed the biosynthesis 
and secretion of sex hormones by the adrenal gland 
In his laboratory, methods have been developed for 
the separation and determmation of the major and 
some of the mmor steroid constituents of adrenal 
venous blood These have been applied to the 
analyses of blood collected from human subjects by 
A P M Forrest in Glasgow, and from adult, new- 
born and foetal domestic anmals by Dr Short’s 
collaborators m Cambridge Progesterone has been 
found in adrenal blood from women, cows, sheep and 
pigs in concentrations higher than m the peripheral 
blood 17a-Hydroxyprogesterone, a steroid which 18 
Sixty times as active as progesterone ın some bio- 
logical assays, has been detected m the adrenal 
venous blood of women and cows The interesting 
observation has been made that young calves secrete 
20a-hydroxypregn-4-en-3-one ‘This disappears from 
the secretion some time after birth and is replaced 
by the 208-epimer ın the adult animal The sig- 
nificance of this ıs unknown There 1s good indirect 
evidence for the secretion of cestrogens by the adrenal 
cortex, but they must be present m human adrenal 
venous blood im amounts too small for detection by 
present methods Four androgens have been reported 
in adrenal-vem blood m man Dehydroepiandro- 
sterone 18 probably exclusively of adrenal origm, but 
1ts precursors are still uncertam Androstenedione 1s 
undoubtedly the most brologically active adrenal 
androgen and 1t may be present m adrenal venous 
blood m relatively high concentration It 1s remark- 
able that androstenedione and dehydroemandro- 
sterone cannot be detected m even large samples of 
adrenal venous blood m cattle 118-Hydroxyandro- 
stenedione 18 probably present m the acional venous 
blood of the cow and sheep as well as m that of the 
rat and cat, but this compound, in common with the 
other known ll-oxy Cy steroids, seems to possess 
Ixttle biological activity These observations may be 
of considerable importance in veterinary medieme 
and cast doubts on the reports of adrenal viriism m 
cattle 
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The amount of corticosterone and hydrocortisone 
secreted by the adrenal cortex ıs controlled by 
corticotrophin from the anterior lobe of the pituitary 
How the pituitary obtains the mformation necessary 
to enable it to adjust the activity of the adrenal 
cortex to the body's requirements js a fascmating 
question which has recently attracted much attention 
Knowledge of this matter was reviewed by Marthe 
Vogt Few histologists consider the nerve supply to 
the adenohypophysis adequate for the control of 
corticotrophm secretion, and this control 1s therefore 
assumed to be humoral It has been shown that 
substances such as adrenaline, which may be carried 
by the systemic blood, can promote the release of 
corticotrophm by the pituitary There 1s also much 
evidence m support of the view that a stressing 
stimulus results m nervous activity in the hypo- 
thalamus which elaborates a ‘corticotrophin-releasing 
factor’ This ıs carried by a ‘portal’ circulation to 
the anterior lobe, where 1b stimulates corticotrophin 
secretion The original suggestion that the cortico- 
trophin-releasing factor 1s identical with vasopressin 
has been modified by the mdependent observations 
of Saffran and Guillem, who now propose that 1t 1s 
a polypeptide similar to but different from vaso- 
pressm Tho purified material is active «m vuro m 
nanogram amounts, and microgram quantities pro- 
duce a simular effect on the rat pituitary stores of 
corticotrophin or on blood corticosteroids as severe 
stress The active material contains seven of the 
eight  amuno-acids of lysme-vasopressm and, m 
addition, serme and histidme Dr Vogt also dis- 
cussed the nature of stimuh which activate or mhibit 
hypothalamic activity The level of corticosteroids 
m blood 1s now regarded as a contributmg, but not 
the sole, factor accounting for the control of cortico- 
trophin secretion in stress Recent work suggests 
that the suppressing effect of high doses of cortico- 
steroids may be on the hypothalamus rather than on 
the pituitary In addition to lack of corticosteroid in 
the blood, afferent nervous impulses, especially if 
they elicit pam or worry, stimulate the release of 
corticotrophin, but the nature of the stimulus oi 
stimuli which act in other forms of stress 1s unknown 
General depressants of the brain inhibit the release 
of corticotrophin 

Dr Vogt also reviewed knowledge of the control 
of secretion of aldosterone ‘This secretion 18 less 
mfluenced by corticotrophm than that of the gluco- 
corticoids Farrell has, however, recently found that 
certam preparations of corticotrophin imcreased 
aldosterone secretion m the decerebrate, hypophy- 
sectomized dog, but satisfactory evidence for the 
existence of a specific pituitary hormone which 
mfluences aldosterone secretion ıs lacking The role 
of such a hormone would be limited, since increased 
aldosterone secretion m the hypophysectomized dog 
has been obtamed with a variety of stimuli Experi- 
ments in Dr Vogt’s laboratory have demonstrated 
the rapid and reversible response of aldosterone 
secretion in the dog to expansion and contraction of 
the mtravascular volume Infusion of blood decreases, 
whereas hemorrhage increases, the secretion of aldo- 
sterone The former effect was less easily elicited 
than the latter 

In the final paper, N Saba dealt with the mode of 
action of corticotrophin from the biochemical pomt 
of view He referred to the observations of Hechter 
that corticotrophim acts on the conversion of chol- 
esterol to pregnenolone and the later mdependent 
work of Heard and Grant on the simulation of 
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ll-hydroxylation by the trophic hormone Saba’s 
results obtained m collaboration with Hechter suggest 
that corticotrophm mfluences the spatial relation. 
ships of enzymes involved m the biosynthesis of 
adrenocortical steroids More recent work by others 
has revealed an effect of corticotrophin on enzyme 
systems which effects the reduction of triphospho- 
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pyridine nucleotide The requrement for reduced 
triphosphopyridine nucleotide for steroid hydroxyla- 
tion has already been referred to If this 1s an 
mmportant effect of corticotrophin ıb 18 difficult 
to relate ıt to the specrficity of action of this 
hormone 

J K GRANT 


EDUCATION IN THE UNITED STATES (1957—58) 


DUCATION ın the United States of America 1s 

based on three fundamental concepts that the 
primary responsibility for public education rests with 
the States, that every person has an equal right to 
educational opportunities , and that educated citizens 
are essential to freedom and human welfare Working 
within these concepts durmg 1957-58 the United 
States made further progress towards 1ts goal of 
improving education for all* 

Evidence of progress ıs found in the mereasing 
educational attamment of the population The 
number of school years completed by the average 
adult 25 years of age and over increased from 9 3 
in 1950 to 10 6 years m 1957 The group 25-29 
years had completed 12 3 years of schooling, 
while the group older than 65 had completed only 
8 3 years 

Although education ıs a State responsibilty, no 
State admmusters its schools directly Laws have 
been enacted in each State dividing the territory 
of the State mto local school admmustrative units 
commonly termed school districts The powers of 
local district school boards to establish and maintain 
schools are prescribed by State law, but permit 
exercise of local mitiative ın exceeding mmmum 
educational standards required by the State Each 
State has its own department of education, which 
exercises controls and provides specialized services 
to assist local school districts in conductimg the 
State programme of education 

At the beginning of the school year there were 
1,152,500 imstruction rooms in full-time public 
elementary and secondary schools, an additional 
142,300 rooms were needed to relieve over-crowding 
and to replace unsatisfactory faeihties About 
70,500 mstruction rooms were scheduled to be built 
during the year About 61,000 rooms will be needed 
to accommodate next year’s enrolment increase and to 
replace rooms that will probably be abandoned 

Almost one-third of all pupils enrolled 1n the public 
elementary and secondary schools are transported 
to and from school at public expense During 
1955-56, more than 10 million pupils were transported 
In most States pupils must live 14 miles or more from 
the school to be eligible for transportation for which 
the State helps to pay the cost 

Institutions of higher education classified by type 
of support and control are of two general types— 
publicly controlled and privately controlled One- 
third of the approximately 1,900 higher institutions 
aie publicly controlled and supported by public or 
government agencies, two-thirds are privately 
controlled and supported bv indrviduals or ecclesiastic, 
philanthropic and other groups The State exer- 
cises httle control over institutions of higher educa- 


* Progress of Public Educationin the U S A , 1957-58 (Washington, 
DO Gov Printing Office, available also from HM Stationery 
Office, London ) 


tion, even those supported by public funds, and 
consequently both types of mstitution operate with a 
high degree of autonomy 

In 1957-58 expenditures for education in public 
elementary and secondary schools and in higher 
institutions totalled 20,000 million dollars, which 
was 5 5 per cent of the 1957 total national mcome of 
358,000 million dollars Funds to cover expenditure 
in public schools were provided by Federal, State 
and local governments 

For the fiscal year 1958 the Federal Government 
appropriated approximately 2,000 milhon dollars 
for educational purposes The total included funds 
administered by the Office of Education and was 
distributed as follows Office of Education, 7,000,000 
dollars, vocational education, 40,888,412 dollars 
higher education, 5,051,000 dollars , school construc- 
tion and maimtenance, 225,650,000 dolars, and 
library services, 5,000,000 dollars 

Smee the States have primary responsibilty for 
pubhe education ın the elementary and secondary 
schools they provide funds and authorize local 
school districts to provide local tax-funds for public 
schools In the 1957-58 school year ıt ıs estimated 
that of the total revenue for public schools the 
Federal Government provided 4 per cent, the 
States, 41 per cent, and local districts, 55 per cent 
In recent years the percentage from Federal and 
States funds has been imcreasing slightly 

As much as 93 per cent of local educational revenue 
1s obtained from property taxes Local communities 
use the property tax to secure funds for current 
operating expenses and for school construction Some 
local districts also levy non-property taxes for schools, 
including local per capita taxes and taxes on wages, 
sales and amusements Non-properby taxes for 
schools produce 7 per cent of local revenue 

Total expenditure per pupil in 1957-58 averaged 
431 dollars, an 1norease of about 7 per cent over the 
amount m 1955-56 

Tax revenues supply most of the funds for public 
institutions , private donations, student tuition and 
endowment supply most of the funds for private 
institutions The 1957-budgets for both private and 
pubhe imstitutions for educational and general 
expenditures, excluding auxilary services, student 
aid and plant expansion, totalled 3,200 millon dollars 
Of this, students paid 950 million dollars as tuition , 
earnings on endowment provided 150 million dollars , 
private gifts, 250 millon dollars 

The organization of public schools 1s determined 
by State and local authorities, but generally the 
basic 12-year programme ıs organized as an 8-year 
elementary and a 4-year secondary programme or a 
6-year elementary and a 6-year secondary pro- 
gramme ‘Typically a 6-year secondary programme 1s 
divided into a 3-year junior and a 3-year senior high 
school The most common type of school 1s one 
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attended by almost all children of school age in the 
community, regardless of social or economic status, 
sex or vocational am On all levels schools vary 
greatly m size, from one-room rural schools to large 
urban schools enrolhng several thousand students 
Improvement of the school distriob organization 
in sparsely populated regions has resulted m 
a contmued decrease m the number of small high- 
schools 

All States provide pubhe schools and permit 
students between the ages of 6 and 20 years to attend 
Most States have enacted compulsory attendance 
laws for certam age-groups The compulsory attend- 
ance ages range from 6 to 18 years, but a majority 
of the States require attendance between the ages 
of 7 and 17 years Of the total population of persons 
between 6 and 17 years old im October 1957, 96 5 per 
cent were eniolled in school At that tıme 93 per 
cent of all school-age children, generally defined as 
those between 5 and 17 years old, mclusive, were 
enrolled In elementary and secondary schools the 
proportion of boys and girls was about the same 
but m higher-education institutions men made up 
about two-thirds of the student body and women 
one-third 

School enrolments increased for the thnteenth 
consecutive year In 1957-58, 43,135,000 persons, 
or about one out of every four in the population, 
were attending public or private schools and colleges , 
an increase of more than 4 per cent over 1956-57 

The latest available data mdicate that about one- 
half of the high-school graduates now go to college, 
about 42 per cent full time and 8 per cent part time 
Attendance of students at institutions of higher 
education is altogether voluntary Assummg that 
they meet admission requirements, students are free 
to choose the type of stitution they attend—public 
or private, liberal arts or technical, 2-year or 4-year, 
and to pursue any curriculum or prepare for any 
profession to the extent of their abilities A student 
m an institution may of his own volition drop out 
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altogether or transfer to another institution In the 
autumn of 1957, colleges and universities enrolled 
more than 3 million students, an merease of 4 pet 
cent over the autumn 1956 emolment, and a 43 per 
cent increase over the 1952 autumn enrolment 
The number of freshmen entermg college m the 
autumn of 1957 represented slightly more than 30 
per cent of persons 1n the country who were 17 years 
of age m 1956 About 58 per cent of the students 
enrolled were m public mstitutions Enrolment in 
pubhe institutions 1s mereasing more rapidly than in 
private. About 800,000 of the students attending 
full time hved in dormitories provided by the 
institutions 

The degree-granting colleges conferred a total of 
411,000 degrees ın 1957-58, 8 3 per cent more than 
in 1956-57 Of the total conferred, 82 8 per cent 
were bachelor’s, 15 1 were master's and 21 were 
doctor's degrees The average cost of a year in 
college was between 1,500 and 2,000 dollars, and the 
median award in scholarship aid was less than 300 
dollars 

In 1957-58 between 30 and 35 mulhon adults 
participated ın adult education programmes sponsored 
by industry, labour unions, the Armed Services, farm 
organizations, and other groups In carrying out 
their programme, these groups had the co-operation 
of pubhe hbraries, public school systems, higher 
institutions, television systems and Government 
agencies 

Extensive research ıs carried on by public and 
private agencies such as colleges and universities, 
State departments of education, and various philan- 
thropie groups Their research is directed toward 
solving some of the problems facmg education , for 
example, ıt includes further investigation of the 
learnmg process and the character and extent of 
mdividual differences State departments and local 
school systems direct their research primarily to 
solving local problems, and colleges and universities 
direct theirs to broader problems in education 


THE PHYSICAL SOCIETY, 1958—59 


"LES annual general meeting of the Physical 
Society was held on May 21 at the Royal 
Institution, London, and immediately followmg the 
meeting Mr J A Ratcliffe delivered his presidential 
address entitled "Recent Trends in the Theory of 
the Ionosphere” The report of the counei of the 
Society and the accounts and balance sheet for 1958 
were adopted at the meeting and the composition 
of the new council to hold office for the session 1959-60 
was announced 

The income of the Society during 1958 exceeded 
expenditure by £4,581 and was mamly due to the 
increase ın price of the Society’s publications when 
sold to the general public which the council authorized 
in 1957 Notwithstanding the rise ın price, sales have 
increased The membership rose from 2,069 to 2,136, 
but the increase was entirely m the student member- 
ship grade The forty-second annual exhibition of 
scientific mstruments and apparatus was held during 
Maich 24-27 m the two halls of the Royal Honti- 
cultural Society The size of the exhibition and attend- 
ance were simular to those of the previous year The 
sales of the exhibition handbook and the receipts 
fiom exhibitors resulted in a satisfactory surplus of 


£5,905, of which £4,000 was transferred to the 
exhibition contingency fund and the remainder to 
the general income and expenditure account 

The council's report refers briefly to the activities 
of the Society duiing the year and in particular to 
the conferences of two or thee days duration which 
were held on various subjects in Cambridge, Durham, 
Malvern and Swansea The attendances were usually 
between 200 and 250, of which approximately half 
on the average ware members of the Society A few 
research students and others were financially assisted 
to attend these conferences by means of a grant 
allotted to the Society by the Royal Society The 
decision to recombine the two sections of the Society’s 
Proceedings was put into effect durmg 1958 and the 
volume of work published (208 orginal eiticles, 74 
reseaich. notes and 21 letters to the editor) was 
substantially the same as m 1957 Vol 21 of the 
“Reports on Progress in Physics”, which was pub- 
lished durmg the summer, contained nine articles, 
and these articles were also available for purchase 
separately 

The informal discussions with the Institute of 
Physics which weie begun m 1957 to consider the 
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closer co-operation between the Institute and the 
Society were continued A mutually agreed docu- 
ment entitled “Memorandum to Members—Proposal 
to Amalgamate the Institute of Physics and the 
Physical Society” was circulated, together with an 
explanatory letter from the premdent A jomb 
amalgamation committee has been set up and 1s now 
engaged in more detailed discussions 

At the annual meeting, the president, Mr J A 
Ratcliffe, the honorary secretaries, Dr C G Wynne, 
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Dr H H Hopkins and Mr A Q Peacock, the 
honorary foreign secretary, Prof E N da O Andrade, 
and honorary treasurer, Dr D A Wright, were 
re-elected to serve for 1959-60 The newly elected 
vice-presidents were Prof F Llewellyn Jones and 
Dr G B B M Sutherland, and the newly elected 
members of councll Mr D W Fry, Dr V E 
Cosslett, Prof F C Frank, Prof W E Burcham, 
Dr R L F Boyd, Dr R A Smith and Prof D H. 
Wilkinson S WxriNTROUB 
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SCHOOL MEALS IN ASIA AND THE FAR EAST 


ARIOUS Food and Agriculture Organization 
conferences, as well as regional nutrition meet- 
ings convened periodically in co-operation with the 
World Health Organization, have emphasized the 
importance of supplementary feeding as a means of 
improving the nutrition of vulnerable groups The 
Frst Regional Nutrition Committee m South and 
East Asia, which met in Bagwo, the Philippmes, m 
1948, recommended a type of meal which could be 
supphed to school-children ın the region This meal 
pattern emphasized the use of cheap, locally available 
foods that would provide the children with all 
essential nutrients 
The Fourth Regional Nutrition Committee of the 
two Orgamzations, which met m Tokyo in 1956, 
considered a number of important factors relating 
to school feeding programmes , ıt recommended that 
the Food and Agriculture Organization should con- 
vene a school feeding seminar for countries m South 
and East Asia, at which the future development of 
school-feedmg along sound lines could be discussed 
by appropriate country representatives 
Much of the Food and Agriculture Organization’s 
practical work in sehool-feeding has been done m 
co-operation with the United Nations Children's 
Fund, the Orgamzation providing the technical 
guidance m organizing and developmg programmes 
based inttially on dried skim milk and other supplies 


made available by the Fund This Fund has become 
mereasingly interested m the long-term develop- 
ment of measures to improve the nutrition of children 
and has recently been authorized to merease the 
scope of assistance which 16 can provide It was 
agreed, therefore, that the Fund should jom the 
Organization m convening the somimar Because 
malnutrition 1s often a serious problem among children 
of pre-school age, 16 was also agreed that considera- 
tion would be given to this muportant group of the 
population 

The seminar was designed to biing together, fiom 
the countries concerned, workers associated with 
various aspects of child-feedmg programmes, in 
particular school-feeding programmes, for congide1a- 
tion of the problems met in developing them and of 
measures needed to improve and expand them on a 
sound nutritional and financial basis The Goven- 
ment of Japan extended an invitation for the semmar 
to be held in Japan, and ıt was held m International 
House, Tokyo, durmg November 10-19, 1958 The 
seminar was attended by delegates fiom twelve 
countries mn the region, as well as by representatives 
from the World Health Organization International 
Co-operation Admunistration, and Co-operative foi 
American Remittances to Everywhere A report 
on the semmar has now been issued (HMSO, 
2s 6d) 


INDUSTRIAL HEALTH IN THE POTTERIES 


DS 1956-58, four members of the factory 
ınspectorate carried out a survey of industrial 
health ın the pottery mdustry m the Stoke-on-Trent 
area ‘The survey was undertaken with the advice 
of the Industrial Health Advisory Commuttee This 
Committee was set up m 1955 by the Munister of 
Labour and National Service to advise him on 
measures to further the development of imdustral 
health services 1n work-places covered by the Factories 
Acts 

On the advice of the Committee the Minister 
instituted two industrial health surveys, which were 
to be regarded as pilot surveys The first was of all 
the factories in a particular area—the town of 
Hahfax was chosen—and the report on that survey 
was published in 1958 The second was a survey 
of a specific industry—the pottery industry 

A number of considerations led to the choice of 
the pottery mdustry Among them was the fact that 
1t 18 geographically compact, and that, although over 


a number of years much has been done in the ım- 
dustry to elimmate or reduce the known health risk, 
1b was considered that a survey of the pottery m- 
dustry would have particular interest in giving an 
opportunity to assess both tbe success of the measu1es 
so far taken and the continumg needs 

Although a survey of this kind offers no basis fo 
comparing conditions in the pottery industry with 
those of other industries, 1t 1s possible to draw some 
comparison between present conditions in the pottery 
industry and those of the past General conditions 
in the industry to-day are markedly different from 
what they were The industry has done a great 
deal, particularly m the years smce the end of the 
Second World War, to improve workmg conditions 
and to reduce the health hazards connected with 
pottery manufacture 

The classic industrial disease of the pottery industry 
was lead poisoning, due in part to the lead glazes 
used By the middle 1940's the use of low-solubility 
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. or leadless glazes had become so widespread that it 
| was considered practicable to prohibit the use of 
any glaze that was not either leadless or of low 
solubility; This was not an easy requirement for 
_ all firms to comply with, and the glazed tile industry 
was faced with a particularly difficult problem. 
_ Intensive research enabled all firms to be in a position 
_ to comply with the requirement when it became law. 
_ The other source of lead poisoning was the colour 
used in decorating the ware. Higher standards of 
v Cleanliness and improved methods of dust control 
have, so far, dealt with this hazard, with the satis- 
"factory result that in recent years lead poisoning 
< has virtually been eliminated from the industry. 
|;; Another major achievement of the industry, this 
| time in reducing the risk of pneumoconiosis, has been 
: the substitution of alumina for powdered flint in the 
placing of china for the biscuit fire. When it became 
-elear that alumina was a satisfactory alternative, the 
china industry, in spite of some technical. problems 
involved, agreed that the flint should be replaced by 
alumina. By 1947, when this change was made 
compulsory, all firms in the industry had in fact 
tehanged over. 
5^ Work on the control of dust in the making processes, 
where there is a health hazard from pneumoconiosis, 
ds continuing. For some years the British Ceramic 
Research Association has been working on the dust 
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problems of the industry, and has done much valuable 
research work into the behaviour and control of dust 
given off in certain processes. The Research Associa- 
tion has already designed dust-control plant for the 
processes of towing and hollow-ware fettling which 
is proving most effective. Work is in progress on 
the control of dust in the dust tile-making processes, 
and to determine the most suitable material for 
workers' overalls where there is need to protect them 
against dust. > 
To provide à continuing forum for diseussion of 
ihe health and safety problems of the industry, the 
Chief Inspector of Factories in 1956 appointed a 
Joint Standing Committee of the Pottery Industry. 
With the help of the British Ceramic Research Associa- 
tion, ib has published an advisory booklet on dust- 
extraction in the pottery industry. It has also directed 
the attention of industry to the dangers inherent in 
the use of hydrofluoric acid in cleaning gold, encourag- 
ing the use of other methods which it has made known. 
The aim of the survey was to present an objective 
picture of existing conditions in the industry. and 
to indicate outstanding problems. The visits made 
by the inspectors have been followed up by action 
to secure improvements. The work that requites to 
be done in order to deal with outstanding problems — 


is under examination by the Joint Standing Com: . E 


mittee (H.M.S.O., 5s.). 


DEVELOPMENTS IN TRAINING 


E Ags of five papers on training were given at. 
C4 the Polytechnic, Regent Street, to an audience 
of two hundred directors and industrial executives 
during January and February, 1957. They have now 
been reprinted and form a valuable addition to the 
scanty information available for those concerned with 
aspects of training in industry *. 
The first, by Prof. J. Z. Young, deals with the 
fundamental aspects of learning by drawing on 
_ biological studies of organisms at all levels of com- 
_ plexity. Developing the importance of perception 
in learning, W. D. Seymour, of the Department of 
' Engineering Production in the University of Birming- 
“ham, produces evidence to show that carefully devised 
jiraining procedures for manual skills which take 


oo New. Developments in Training: Five Studies in the Efficient 
Communication of Skills, Edited by Frank A. Heller, (New Develop- 
“ment Series No. 3.) Pp. 80. (London: Polytechnic Management 
Association, 1959.) bs. 









PSHE development of modern industry with the 
C X substitution of mechanization for craftsmanship 
has brought new problems ; the machine has reached 
jthe.poimt where it is no longer the limiting factor 
^in: production and this in turn is imposing new 
-stresses and strains on the operator, who can no 
"longer be left to get along as best he can. That 
(this was beginning to happen began to be realized 
about fifty years ago, and early developments 
in fitting the job to the man, like the motion study 
Of Gilbreth, were part of scientific management for 





account of recent findings will usually halve the : ; di 


normal learning period. . In the third lecture, Mrs. W, 
Raphael, assistant director of the National Institute 
of Industrial Psychology, describes the in-plant 
training being carried out in seven European countries 
and shows that the training provided for operatives 
exists largely in name only. F. A. Heller, head of the 
Department of Management Studies at the Poly- 


technic, shows how the development of managerial .. 


skills can be approached from the same biological 
and analytical points of view.as any other skill train- 
ing. Like other lectures in the series, he pays special 

attention to the methods rather than to the content 

of training programmes. The fifth lecture was 

given by 8. D. M. King, director of Organization and 

Training, Ltd., who used case-studies to illustrate 

the importance of relating training to a carefully 

devised poliey at all levels of an organization. 


ERGONOMICS 


inereasing produetion through reduction of fatigue 
Men of the biological sciences began to become 
aware that people at work were worthy of study and. 
that remarkably little was known about their capabili- 
ties and aspirations. 
1t took the added stress of two world wars to stimu- 
late any real interest. A start was made in the First 
World War when groups of physiologists and psycho- 
logists such as the Industrial Fatigue Research 


Board in the United Kingdom started work. Between ^. 


the wars progress was slow, perhaps because a general _ 
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labour surplus removed a demand for maximum 
economy in use of labour; but during and since the 
Second World War the research effort has been 
vastly intensified. Much of it gained its initial 
impetus from the armed forces and has, particularly 
in the United States, continued to be supported by 
them. In other countries research has been much 
more directed towards solving industrial problems, 
as typified by that done by work physiologists in 
Sweden and Germany. 

The fragmentation of the subject into a number 
of disciplines independently studying human work 
could not continue indefinitely, and the first fusion 
occurred in the United Kingdom in 1949 with the 
formetion of an interdisciplinary society and the 
coining of the term ‘ergonomies’ to cover the study 
of human work. Although the British society 
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attracted adherents from all over the world it soon 
became clear that à truly international meeting was 
needed. The initiative was taken by the European 
Productivity Agency in the form of Project 335, the 
final aim of which is a tripartite international con- 
ference of scientists, employers and employees. As 
a preparation for this, two preliminary steps were 
taken. The first was to send a mission to the United 
States to report on the situation there, and the second 
was to hold a technical seminar to assemble informa- 
tion on progress in Europe. A report has now been 
issued, part one of which contains the report of 
the mission and part two a report on the 
seminar*. The tripartite conference has still to take 
place. 


* “Fitting the Job to the Worker. A Survey of American and 
Buropsan Working Conditions in Industry" (Paris, O.E.E.C., 145.). 


AN OCEANOGRAPHIC SURVEY OF THE ROSS SEA 
By J. S. BULLIVANT 


New Zealand Oceanographic Institute, Department of Scientific and Industrial 
Research, Wellington, New Zealand 


N January 1959 an oceanographic survey of the 
Ross Sea was carried out by members of the 
New Zealand Oceanographic Institute, from the 
New Zealand Antarctic Supply Ship H.M.N.ZS. 
Endeavour., 

The route taken by the Endeavour and the dis- 
tribution of the twenty-four stations oecupied are 
shown in Fig. 1. A brief station list is also includod, 
partieularly for the information of workers planning 
investigations in the area in the near future. 

The aim of the survey was to investigate the 
hydrology, the benthie fauna and the marine sedi- 
ments in the area, 

The routine procedure at each station was to lower 
a bathythermograph (275 m.) and a cast of reversing 
bottles, make a vertical plankton haul from near the 











Fig. 1. 


Ross Sea, Antarctica, showing stations occupied from 
H.M.N.Z.8. Endeavour 


bottom to the top, collect phytoplankton, make three 
lowerings with a twin orange-peel grab sampler and 
colleet epifauna from the bottom with a trawl. The 
grab sampler consisted of two modified four-blade 
orange-peel grabs, each having a bucket capacity of 
24-5 litres, suspended one at each end of a 4-ft, bar. 

In addition to these routine observations, surface 
water samples from stations 4466 and A470 and a 
bottem water sample from A470 were obtained for 
determination of carbon-14 activity in order to study 
water movements in the Ross Sea and under the 
Ross Ice Shelf. 

An underwater-camera and a bottom trawl were 
used at three stations (4468, A469 and A471) near 
Ross Island, to sample three different types of 
bottom community. Some of the photographs 





ponges, coel- 
Note crinoid top left. 
(Depth, 110 m. ; foreground, 0:75 m. wide; depth of fleld, 1 m.) 


Fig. 2. Bottom photograph from station 4408; s| 
enterates and bryozoans predominate. 
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Table 1 List OF STATIONS OCCUPIED FROM HMNZS Endeavour IN THE Ross SEA 
E Serial ' 
t NZOI Provisional | Nature of | hydrological . Phyto- 
Station Position Date depth (m ) bottom observe none Trawls Grabs | plankton] Plan&ton| Other 
o o (m 
| A448 77° 27° 8,1722 22' E 10159 752 mud 705 x x x x 
4449 77 058,177 12^ E 11159 302 mud 205 x x x x 
A450 760^42'8,170? 44' B. | 11159 472-318 | muddy sand 205 x x x x 
4451 76° 00 '8,175?25' W | 12159 523 gritty mud 515 x x x x 
A452 75° 35’ S , 178° 18’ W 12 1 59 1,280 yellow- 1,300 - x x x 
brown mud 
A453 75° 09 S ,171° 00’ W | 13159 2,195 yellow- 1,400 — x x x 
brown mud 
A454 73° 568,176? 30° W | 14159 914-828 rocks 255 x — x x 
A455 74° 22’ S ,178° 35’ W | 15159 322-340 stones, 820 x x x x 
muddy sand 
1456 74° 30 S ,179° 40° W | 15159 238-201 stones, 180 x x x x fishing 
gritty mud line 
A457 75° 02’ S ,175° 50’ E 16159 315-342 mud 312 x x x x 
A458 75° 10’ S ,174° 00E | 16159 461-486 | muddy sand 436 — x x x corer 
A459 75°17’ S ,172° 20' E 16159 534-549 soft mud 510 x x x x corer 
A460 75° 38/8 , 168° 82/ E 17159 415-430 gritty mud 395 x x x x corer 
A461 73° 82'S , 171° 22’ E 18 1 59 578-567 sandy mud 555 x x x x corer 
A462 71° 15’ S , 176° 30° E. | 20159 | 1,831-2,381 | gritty mud 1,750 — = x x 
A463 72° 20' 8 ,174° 50’ E 21159 468-465 parnacle 435 x x x x 
plates 
A464 73° 20'S ,174° 00’ E 22159 300-384  |sand pebbles 845 x x x — 
A465 72° 55/8 , 175° 30’ E 22159 399 barnacle 375 x x x - 
plates 
A466 78° 26'S ,174° 50 W | 24.1 59 569 mud 570 x x x x corer 
1 
sample 
A467 77° 25° 5 , 169° 28’ E 26159 88-183 rocks — x — — x 
4468 76° 59° 5 , 167° 30 E 26 1 59 110 — — x - — — camera 
A469 77° 50'S , 166° 33’ E 29159 64 gutty mud, — — x x camera 
spicules 
A470 77° 50’ S , 166° 30’ E 4259 377 muddy sand 365 — x — x ug 
samples 
A471 77° 97 S ,166? 20’ E 6259 165-69 — — x — — - camera 



































revealed a surprismgly dense epifauna, dommated 
by sponges and Bryozoa (Fig 2) 

A gravity corer was used at stations 4458, 4459, 
A460, 4461 and A466, short cores were secured 

Hourly surface water samples were taken on 
passage out of McMurdo Sound, and continuous 
surface temperatures were recorded durmg the 
greater part of the cruise 

Of particular interest was the discovery of large 
deposits of calcareous barnacle plates The plates 
were found sparsely distributed over the whole of 
the Ross Sea, but at stations 4463 and 4465 m 
approximately 460 m and 400 m, respectively, 
these plates, together with scattered rocks on which 
a live barnacle was growing, formed the bulk of the 
bottom deposit The deposit also contained a small 


percentage of the calcareous remains of molluscs, 
bryozoans and corals, but as far as penetrated by 
the grabs and trawl was entirely free of mud o 
sand The hving and dead barnacles belong to the 
genus Hevelasma Estimates of the age of the 
barnacle plates are to be made from determmations 
of their carbon-14 activity 

The biological material collected 1s a substantial 
addition to that already available from Antarctic 
waters 

Results of the survey will be published by the 
New Zealand Department of Scientific and Indus- 
trial Research 

The wholehearted support the expedition received 
from the commanding officer and ship’s company of 
HMNZS Endeavour 1s gratefully acknowledged 


CHANGE OF COSMIC RAYS IN SPACE 
By Pror H V NEHER 


Norman Bridge Laboratory of Physics, California Institute of Technology, Pasadena 


HE advent of space rockets now makes possible 

direct measurements on quantities that have here- 
tofore suffered from the mterference of the Earth, rts 
atmosphere or its magnetic field Among these are 
measurements on cosmic rays The absorption of the 
radiation m the Earth's atmosphere and the analysing 
effect of its magnetic field have, however, yielded 
valuable mformation on the total energy content 
and the individual particle energy From such 
measurements, together with a knowledge of their 
chemical composition, one can deduce the intensity 
or number of primaries in space When this 1s done, 
using results collected over a period of years obtained 
with balloons at various latitudes, one finds surpris- 
ingly large time x ariations m the numbers of primary 
particles In what follows we discuss what such 


measurements have so far disclosed about the 
absolute intensity and how 1t varies with time Some 
prelummary measurements have already been made 
in rockets, and further measurements, giving more 
complete checks on these calculations, will undoubt- 
edly come in the future Eu 

A brief note concerning these large changes, based 
on data taken in 1954 and 1957, has already been 
published’ We wish here to present two additional 
methods of arriving at the numbers of primary 
particles in 1954 together with new results taken near 
the north geomagnetic pole m the summer of 1958 
when the intensity there was even lower than in 
1957 

The period 1954-58, when solar activity went 
from a minimum to a maximum of activity, provided 
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Fig 1 Curves A and B show the extremes of the ionization so 
far measured with balloons near the north geomagnetic pole 
Curve A represents data taken at the solar minimum of 1954, 
while curve B represents the situation near the solar maximum 
of1958 ‘The absorption ın the atmosphere of the particles present 
in 1954 but which were absent in 1958 is given by curve C 


anexcellent opportunity to study the changes produced 
in cosmic rays Fig 1 shows how large these changes 
have been near the north geomagnetic pole The 
behaviour of curve A was typical of the curves from 
five similar balloon flights? made with ionization 
chambers m July and August 1954 All five records 
showed the same turn-up of the ionization curve at 
about 15 gm em-? It was shown m ref 2 that 
the behaviour of curve A at low pressures was con- 
sistent with the absorption of low-energy particles 
and that the turn-up was probably due to the 
absorption of protons with energies down to ab least 
150 MeV 

By 1958, the character of the radiation at the pole 
was radically different The largest decrease occurred 
m the year 1956-57! As shown by curve B, tho 
ionization at high altitudes was less than half its 
value in 1954 In fact, the area under curve B is 
about 3 per cent less than the area under the curves 
taken m 1936 at San Antonio, Texas? (geomag lat 
38*N) Itshould be remarked that we feel confident 
that a direct comparison can be made between these 
years, for we not only have mstruments which we 
have compared through the years but we have also 
checked their absolute calibration by using standard 
capacitors 

Our first method of estimatmg the number of 
primaries in. 1954 ıs to calculate the number causing 
the difference between 1954 and 1958 and then adding 
to this the number present ın 1958 To arrive at 
this latter figure we note that due to the nearly equal 
areas under curves B and D of Fig 1 and to the 
similarity of shape, the number of primaries must 
be about the same ‘Taking the difference in area 
at the lower pressures and assuming a mean energy 
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of 3 BeV per particle causing this difference, we find 
that the number of primaries 1nvolved 1s approxim- 
ately 0 007 cm -? sec ~} sterad ~! Previous calcula- 
tions have shown that the number of primaries 
present at San Antonio in 1936 was 0 040 cm~? 
sec -! sterad -! This number ıs consistent with the 
measurements of MacDonald! at the equator, together 
with the increase 1n energy brought m by the primaries 
as one goes from the equator to 38° N We thus find 
that the number of primaries present m 1958 near 
the pole was 0 047 cm ~? sec ~! sterad -1 

Referring now to Fig 1, curve C shows the differ- 
ence between A and B and represents the absorption 
m the atmosphere of those particles that were present 
in 1954 but were absent ın 1958 A Gross transforma- 
tion of this difference curve shows that the majo 
part of the area under the curve 18 due to particles 
the effect of which varies nearly lmearly with thickness 
of atmosphere The fact that curve C has a tail thet 
extends even to sea-level 1s undoubtedly due to 
mesons formed in the upper part of the atmosphere 
and especially by the higher-energy primaries that 
also change during a solar cycle 

Ignoring the high- and low-pressure ends, the bulk 
of the area may be accounted for by particles with 
a maximum range of about 300 gm cm-? in air 
Assuming a range proportional to the energy, we may 
say with sufficient accuracy that the Gross trans- 
formed curve corresponds to a differential number 
distribution that ıs dependent of energy 

We shall here assume that 15 per cent of the 
primaries responsible for curve O are a-particles, 
9 per cent of average Z — 8 and the remainder 
protons We find that we need protons of mean 
energy 0 55 BeV , a-particles of mean energy 22 
BeV and for Z = 8, a mean energy of 1 2 BeV per 
nucleon, for each to have a mean range of 150 gr 
cm -? We then arrive at a weighted mean energy 
of 1 5 BeV per particle The area under curve C 1s 
100 x 10° eV cm-? sec-? Hence the number of 
particles per unit of horizontal area 15 0 67 cm -* sec -1 
Thus per unit of solid angle we have, 0 21 em ~? sec 71 
sterad -1 

To arrive at the total number of primaries at the 
pole m 1954 we add to the above the number present 
m 1958 We have already found this to be 0 047 
em -? sec -1 sterad -! In ths manner we find the 
total at the top of the atmosphere near the pole m 
1954 to be 0 26 par sec -? sec -! sterad -t 

Another method of arriving at the number of 
particles responsible for the difference between 
1954 and 1958 ıs to estimate the mean specific 10n1za- 
tion per particle at the top of the atmosphere and, 
knowing the iomzation, the number of particles 
immediately follows 

Taking the mean energies of the protons, a-particles 
and average Z = 8 for the heavy primaries, as given 
above, we find that the specific 10nizat1on relative to 
that for a mmimum ionizing particle of unit charge 
has the values 1 3, 5 2 and 64 respectively Using 
the relative abundances cited before and published 
curves on energy loss, we find the average specific 
ionization for these time-varymg particles at the 
top of the atmosphere at the pole to be 210 10n 
pairs cm ~ ın am at latm If ¢1s this mean specific 
ionization and there are J particles cm ~? sec ~}, then 
the ionization, I = GJ  Smce J = 350 10ns em ^? 
sec -! atm ~! of air from Fig 1, then J = 167 The 
instrument is receiving particles from a sohd angle 
of 91 Hence the uni-directional mtensity is 0 26 
pei cm ~ sec -1 sterad -! This method then gives a 
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total of 0 31 par cm ~ sec -1 sterad ~? at the pole in 
1954 

A third method of arriving at the numbers of 
particles ıs to take the mcrements ın the area, under 
the ionization-depth curves for changes of latitude 
This was done in 1954 from Boston to Thule, Green- 
land, usmg Bismarck as a base station to take account 
of temporal changes The results of this analysis 
have been pubhshed? These calculations gave a 
total of 0 24 par em -? sec -! sterad -! at the pole 

These three values, 0 26, 0 24 and 0 31, then give 
an average of 0 27 par cm -? sec-! sterad ~! at or 
near the north geomagnetic pole in the summer of 
1954 An application of Liouville’s theorem tells 
us that with an isotropic distribution at mfinity, 
this was also the mtensity in space at that time 
The corresponding total mtensity in space was then 
3 I em -? sec -! through a sphere of unit area 

In 1958, the intensity at or near the pole was 
0 047 cm -? sec -? sterad -! or 0 59 em -? sec -!, as 
discussed above We thus arrive at the conclusion 
that the numbers of particles in space near the Earth, 
but sufficiently far removed to be free from any of 
its effects, changed by a factor of 5 during this period 
of four years This 15 probably a lower limit, for we 
do not know how high the ionization would have gone 
in 1954 had our balloons gone higher 

So far, data on the number of cosmic-ray particles 
m space have been obtamed by both the United 
States and the USSR On the Journey of Proneer IV 
which went near the Moon and 1s presumably now in 
orbit around the Sun, the data at large distances 
gave 1 8 + 0 3 particles em ~? sec-! (I am grateful 
to Prof J A Van Allen for grving me this figure ) 
This rocket was launched on March 3, 1959 For 
the Russian cosmic rocket, launched on J anuary 2, 
1959, the value measured* was 2 3 cm-? sec-! 
These values are to be compared with the above 
calculated values usmg ionization chambers of 
0 59 cm -? sec -11n 1958 and 3 1 cm -? sec -1 m 1954 

There are at least two reasons why the values 
measured in these rockets at the begmning of 1959 
are higher than those calculated from terrestrial 
measurements m the summer of 1958 (1) Cosmic- 
ray intensity near the orbit of the Earth appears to 
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have reached a minimum near the summer of 1958 
and had definitely started to chmb? by J. anuary of 
1959 (2) The mstruments m each of the rockets 
were surrounded by the material of the vehicle One 
would therefore expect the number of secondary 
particles to be an important factor. This would be 
especially true for the Soviet rocket, which was quite 
massive To avoid the uncertamty of the contribu- 
tion of surrounding matter, the detecting mstrument 
would need to be ejected from the vehicle and remain 
at some distance away 

For those interested m space travel, an estimate 
may be made of the radiological mtensity of cosmic 
raysinspace From Fig 1 we see that the ionization 
ai the pole was at least 530 ions cm -? sec -! atm -1 of 
a:r at the highest altitude reached In space, where 
the shielding effect of the Earth 1s missing, this 
number would be just doubled In terms of radio- 
logical units we would then expect at a solar minimum 
to have at least 1,060 1ons em -? sec -! atm -1 of air 
=18 mr (miliroentgens) per hr At the solar 
maximum of 1958, we found the total mtensity m 
space across unit sphere to be 0 59 par cm ~? sec -! 
Assuming an average specific ionization of 200 ions 
em ^! of path m air at 1 atm , we find an ionization 
of 120 ions em -? sec -1 atm -1 of arr or 0 21 mr per hr. 

It 1s to be hoped that as time progresses data from 
instruments in rockets will give us more definite 
information as to the mechanism that causes these 
large changes ın the primary cosmic radiation 

The assistance of the Office of Naval Research m 
making the necessary arrangements to carry out 
this programme 1s greatly appreciated I would 
also like to thank the Office of Naval Research, the 
Atomic Energy Commission and the National 
Academy of Sciences through the International 
Geophysical Year for financial support 
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STUDIES OF COAL 
By STAFF OF THE BRITISH COAL UTILISATION RESEARCH ASSOCIATION 


Carbonization of Coals in the Presence of 
Activated Charcoal 


T has been reported recently by Adams et al! that 
I the pyrolysis products of coal, if left m contact 
with a hot carbonaceous surface, undergo further 
reactions Experiments ın our laboratories? have 
yielded further results of a similar kind with respect 
to the behaviour on heatmg of coal mixed with, or 
overlaid by, charcoal 

Measurements of the amount of tar-lke pyrolysis 
products emitted on burning briquettes made from 
mixtures of a low-rank coal and an activated charcoal 
(prepared from a coal char) showed a decrease as 
the proportion of coal m the mixture decreased, but 
more markedly than was to be expected from a 
dilution effect On the other hand, briquettes made 
from the same coal mixed with an unactivated char- 


coal did not show a disproportionate reduction Itthus 
appears that the tar-hke pyrolysis products evolved 
during heating were cracked on the extensive surface 
of the activated charcoal The surface area that 
would be accessible to the large molecules likely to 
be present m these volatile vapours would be about 
200 m ?/gmi, whereas the accessible surface area of 
the unactivated char would be less than 5 m ?/gm 
When mixtures of coal and activated charcoal, or 
beds of coal overlaid with activated charcoal, were 
heated m a slow stream of nitrogen, or at a reduced 
pressure, to about 600°C, no tany material was 
formed , instead, 16 was possible to collect m cooled 
traps an almost colourless hquid This hquid was 
found, by infra-red analysis, to be composed of simple 
organe molecules (the benzene and toluene yield was 
m the range 0 3-0 7 per cent of the dry coal weight, 
compared with 01 per cent from the coal alone) 
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Table 1 YIELDS OF PRODUCTS FROM THE CARBONIZATION TO t C oF A LOW-RANK COAL (NCB TYPE 902) OVERLAID WITH ACTIVATED 
HAR 


COAL 
(Percentages of dry coal weight) 











Tar oil Combustible gas Carbon 
Ratio of Acidic Carbon deposited 
charcoal aqueous Benzene + Paraffin to dioxide in the Total 
to coal liquor Total toluene Total hydrogen ratio charcoal 
0 97 100 011 72 15 30 0 29 9 
i 97 27 0 36 88 15 87 53 80 2 
i 97 14 0 46 85 14 47 55 20 7 
1 97 12 0 72 85 18 68 60 3812 





The gaseous material evolved from the bed was 
found to be different from that obtamed from the 
carbonization of the coal alone and, further, 1b was 
deduced from weight balances for the system and 
from analysis of the charcoal after use that carbon 
had been deposited m the charcoal 

In Table 1 are compared the results obtamed from 
the carbonization to 600° C of a low-rank coal 
(NCB type 902) with those from the same coal 
overlaid with an activated charcoal 

When smaller proportions of charcoal were used m 
the carbonization experiments 1t was found that the 
condensates became slightly coloured and ther com- 
plexity was increased The charcoal could be used 
agam, provided the deposited carbon from the 
cracking process, which reduced the effectiveness of 
the charcoal, was removed by oxidation, for example, 
with steam at about 900° C There seemed to be 
little doubt that to achieve the complete elimmation 
of dark tarry material from the condensates ıt was 
necessary for the vapours of the pyrolysis products 
of the coal to encounter a substantial amount of 
carbon surface The effect reported by Adams et al 1s 
not as great as that which we have observed , the 
reduction by only 1 per cent of the amount of tarry 
matter formed, and the shght merease m the amount 
of liquor, suggest that but little carbonaceous surface 
was available for cracking the coal ‘volatiles’ 

It could be concluded that rf a large amount of a 
pre-carbonized char, sufficient to have the necessary 
available surface area, was overlaid upon a ‘green’ 
coal and the whole was heated, very little tar would 
be formed, although some benzole would be obtamed 
together with a gas of useful calorific value 
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Smoke Emission from Coal and Low- 
Temperature Chars 


Worx by this Association in a laboratory ap- 
paratus!-? has confirmed the observations of Prersol*, 
afterwards verified by Adams, Games, Gregory 
and Pitt®, that volatile matter ıs not an adequate 
guide for the amount of smoke produced from 
chars In Fig 1 ıt will be seen m all cases that 
chars prepared from a low-rank coal produce less 
smoke than coals with equivalent volatile matter 
Although Piersol* clazmed a straight-lne relation 
between the amount of smoke liberated under stan- 
dard conditions of testing and the percentage of 
volatile matter ın a range of coals, we did not find a 
direct proportionality (Fig 1) There m a general 


tendency for smoke emission to decrease with 
decreasing volatile matter, but highly caking and 
swelling coals tend to mask this trend McHugo, 
Shaw and Whittaker*, who burnt a range of coals in 
a domestic appliance, observed a simular effect 

We found a relation between tar-yields (Gray King 
assay at 600° C) and smoke emission for a number 
of samples, similar to that found by the Coal Research 
Establishment workers’ We decided to extend the 
investigation mto the relation between the hydrogen 
content of coals and their smoke emission for the 
following reasons 

(1) Spooner? mamtamed that the tar yield of 
bright coals was related to ther hydrogen contents 
Bradbury and Mott® therefore stated that, since tar 
yield and smoke emission are related, either the 
hydrogen content or the tar yield should serve as a 
guide to the amount of smoke produced We have 
also estabhshed a definite correlation between the 
tar yields (not grven m this communication), and the 
hydrogen contents for the fuels which we exammed 
(eighteen), the correlation coefficient bemg calculated 
as 093, which 1s found to be significant at the 
0 001 level of probability 

(2) Smoke 1s probably related m some manner to 
the chemical constitution of the fuel, particularly to 
the size and stability of the condensed aromatic rmg 
clusters and the number of edge groups, which m turn 
are related to hydrogen content 

(3) We have shown by statistical examrmation that 
when weight of smoke is plotted against volatile 
matter (Fig 1) the high-swellmg coals follow a 
different relation from that for the low-swelling coals, 
the high-swellng coals produemg more smoke than 
low-swelling coals with equivalent volatile matter 

Fig 2 shows the general relation between the 
weights of smoke and the hydrogen contents of the 
coals and chars tested Both high- and low-swelling 
coals appear to follow the same relation 
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Fig 2 Variation of smoke with hydrogen content comparison 
between a series of chars and a Tange of bright coals 


In Fig 2 the smoke emission from chars prepared 
from a low-rank coal ıs also plotted against their 
hydrogen contents and the curve obtamed may be 
compared with that from the range of coals discussed 
above At the lowest carbonizing temperatures 
(352-382? C) there is a rapid rate of decrease m 
smoke emission As the carbonizing temperatures 
increase the rate of decrease decelerates At about 
382° C (4 2 per cent hydrogen content D M F ) the 
two curves meet Below this pomt the differences 
between the weights of smoke emitted for corre- 
sponding hydrogen values are so small they may be 
ignored, and for the purpose of the subsequent dis- 
cussion the lower parts of the two curves may be 
regarded as comeident 

From differential weight losses on Langwith coal? 1b 
1s known that its pyrolysis begins about 335°C and 
the decomposition reaches a maximum rate at about 
410°C Consequently, since chars produced at 400°C 
emit mappreciable amounts of smoke (Fig 2), it 
would seem that the low-boilmg (low molecular 
weight) constituents which are first evolved are the 
mam compounds responsible for smoke formation 

Using infra-red techniques, Brown examined a 
weakly caking and a strongly cokmg coal Between 
440° and 550° C he found that hydrogen 1s lost by 
the removal of edge groups and the evaporation of 
small molecules followed by the loss of aromatic 
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hydrogen and some graphitization at higher tem- 
peratures 

The rank of coal: as well as the temperature of 
carbonization will affect the rate and type of decom- 
position and the structure of the residue These 
factors will obviously mfluence the constitution of 
the residue and the composition and amount of smoke 
evolved from a particular char during combustion 
The results with chars from Langwith coal may 
therefore be used only cautiously when coals of other 
rank are considered 

When volatile matter ıs the abscissa and smoke 
the ordinate (Fig 1) then the curve for chars lies 
below that for coals, but when hydrogen content 1s 
the abseissa (Fig 2) the positions of the two curves 
are reversed 

The explanation proposed 1s that although a char 
and a coal may yield the same volatile matter in the 
BS test, the constituents evolved may be quite 
different The coals will evolve moisture and low- 
molecular weight hydrocarbons which react and 
polymerize to form “tarry bodies’’®, whereas the 
chars will evolve hydrogen and other gases which 
ignite more easily or react together and condense less 
readily than those from coals Consequently, a coal 
with the same volatile matter as a char will produce 
more smoke It ıs not clear why a char with a 
hydrogen content equrvalent to that of a coal yields 
more smoke 

The laboratory work has suggested that either tho 
tar yield or the hydrogen content provides a better 
indication of the amount of smoke emitted from coals 
than does the volatile matter Other work now m 
progress m these laboratories should mdicate how far 
such relations hold for domestic open fires durmg 
ignition and steady-state combustion conditions 
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FOR HYDROGEN TRANSPORT 


BY PHENOLIC GSTROGENS 
By Dr H G. WILLIAMS-ASHMAN, M. CASSMAN and MARGARET KLAVINS 


Ben May Laboratory for Cancer Research and Department of Biochemistry, 
University of Chicago 


(nm Steroids such as cestradiol-178 
can mediate the enzymic transfer of hydrogen 
between triphosphopyridine nucleotide and diphos- 
phopyridme nueleotide!-3 The same enzyme con- 
cerned with this cestrogen-dependent transhydro- 
genation also catalyses both the reduction of these 
two nucleotides by cestradiol-178, and the oxidation 


of them ieduced forms by cstrone There is strong 
evidence!? that, m the transhydrogenase reaction, 
the steroid transports hydrogen by the change 
steroid alcohol = steroid ketone 

It has been suggested that this coenzymatic func- 
tion of ovarian cestrogens 1s related to ther mode of 
physiological actioni? However, powerful cestro- 
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genie activity 1s exhibited by many phenolic com- 
pounds devoid of secondary alcoholic groups capable 
of reversible oxidation to ketone functions, and which 
fail (a) to act as coenzymes for hydrogen transfer m 
such systems and (b) to reduce pyridme nucleo- 
tides ın the presence of the enzyme which catalyses 
the transhydrogenation Examples of such substances 
are 17-deoxycestradiol®, diethylstilbcestrol and 
hexostrol?, doisynohe and allenolic acids’, and 
asoflavones such as gemstem* Accordmgly, it 
became of interest to examine model enzymic systems 
for the transport of hydrogen by phenolic cestrogens 
of this nature Hochster and Quastel? observed that, 
in the presence of manganese dioxide as a termunal 
hydrogen acceptor, diethylstilbeestrol acts as a 
hydrogen carrier m a number of dehydrogenase 
systems The qumone form of the cestrogen could be 
detected m the reaction mixture, and ıt was postu- 
lated to carry hydrogen m virtue of the reaction 
qunol 2 qunone ‘The present experiments show 
that both natural and synthetic phenolic cestrogens 
function as hydrogen carriers m two other types of 
enzymic reaction The first of these 1s catalysed by 
certam phenolases and appears to involve an mitaal 
hydroxylation of the cestrogens to a corresponding 
o-diphenol , hydrogen ıs then transported by vhe 
change diphenol = qumone ‘The second type of 
reaction 1s catalysed by some peroxidases, accelerated 
by traces of manganous 10ns, and umpheates a free- 
radical form of the cestrogen as a hydrogen carrier 
It 18 well known that many simple, non-cestrogenic 
phenols can carry hydrogen in both enzyme systems 
However, the remarkable reactivity of many phenolic 
cestrogens in either type of reaction emphasizes 
that these substances can participate directly m 
hydrogen transport 

Warburg!! demonstrated that phenolases (poly- 
phenol oxidases) are copper protems, and that small 
amounts of o-drphenols which are oxidized by such 
enzymes mediate the oxidation of reduced pyridine 
nucleotides!^! We have found that phenolases 
purified from white potatoes and edible mushrooms 
oxidize reduced dı- or tr1-phosphopyridine nucleotides 
on the addition of trace amounts of many phenolic 
estrogens The oxidations proceed to completion 
with the consumption of one atom of oxygen per mole 
of reduced pyridine nucleotide oxidized Fig 1 
shows that with cestradiol-l7B as carrier, & definite 
mduction period occurs before the rate of oxidation 
of reduced diphosphopyridine nucleotide reaches a 
maximal value, whereas with the corresponding 
o-diphenol 1,3,5-cestratriene-3,4, 178-triol'*, no such 
lag 1s observed Hexcestrol and 3-hydroxyhexeestro] 
behave ım an analogous manner ‘The activity of the 
mushroom and potato enzymes m these reactions 
parallels them phenolase activity (measured by the 
oxidation of tyrosme plus 3,4-dihydroxyphenylal- 
anme) durmg fractionation procedures which result 
m purifications of more than fifty-fold The cestrogen- 
stimulated oxidation of reduced pyridme nucleotide 
1s unaffected by catalase, but 1s abolished by heating 
the enzymes to 70° for 10 mmutes, and by the addition 
of 0 001 M sodium cyanide The cyanide-mhibited 
enzyme can be reactivated by cupric 10ns CEstradiol- 
178 did not mediate the oxidation of reduced diphos- 
phopyridme nucleotide m the presence of hemocyanin, 
of copper sulphate (0 0001 M) or of the soluble 
phenolase of spinach leaves 

A free phenole hydroxyl group 18 essential for 
both natural and synthetic cestrogens to transport 
hydrogen by these phenolase-catalysed reactions 
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Fig 1 Oxidation of reduced diphosphopyridine nucleotide by 


phenolase ın the presence of potato phenolase Sodium phosphate 

buffer pH 7 4 (0 05 M), 15 ugm cestrogenic phenol in 0 01 ml 

dioxane, 200ugm potato phenolase, 0 3 umoles DPNH Total 

vol 3 ec laghtpathlom Wave-length 340 mu 25°C inar 

A,no estrogen, B, aac ri " C, 1, 8, 5, cestratriene- 3, 4, 
T10. 


Thus, nearly equivalent carrier activity 1s found 
with cstradiol-17& or -178, 17-deoxycestradiol, 
estrone and cestriol, while 3-deoxyestradiol-l7« or 
-173 are completely mert — bw-Dehydrodoiynohe 
acid 1s a good hydrogen carrier, whereas the corre- 
sponding O-methyl ether is mactive At least ono 
phenolic hydroxyl group must be present in anal- 
ogues of diethylstilbostro] and hexcestrol** to 
exert this carrier function The activity of natural 
and synthetic cestrogens 1s affected markedly by minor 
structural changes ın the molecule Thus, 1-methyl- 
cestradiol-178, 2-nitro-cestrone and 4-nitro-cestrone 
will not act as hydrogen carriers, and are without 
influence upon the action of cestradiol-178 ^ 6g-Hy- 
droxycestradiol-176 (which does not mediate the oxida- 
tion of reduced diphosphopyridme nucleotide) and 
7-keto-cestrone (which has approximately 10 per cent 
of the activity of cestradiol-178), both at equimolar 
concentrations, depress the hydrogen-transportmg 
activity of cestradiol-178 The concentrations of 
cestrogens permittmg 50 per cent of the maximal 
rate of oxidation of reduced diphosphopyridme 
nucleotide by potato phenolase were found to be 
l1 x 10-6 M for 1,3,5-ostratriene-3,4, 176-triol, 
3 x 10-6 M for cestradiol-l7B, cestrone, l7-deoxy- 
cestradiol and hexeestrol, and 1 x 10-5M for genistem 

Hydrogen transport by phenolic cestrogens under 
these conditions can be described as follows The 
mduction period with monophenolic cstrogens 
probably reflects the time required for the phenolase 
to catalyse hydroxylation to o-diphenol derivatives 
The diphenol is oxidized by the phenolase to the 
corresponding quinone, and the qumone is then 
reduced by the reduced pyridine nucleotide Although 
ib is not known whether the latter reaction 1s 
enzymucally catalysed or not, ıt may be mentioned 
that pyridme nucleotide-menadione! and -qumone!* 
reductase activity 1s readily separable from the 
cestiogen-mediated reactions during purification of 
the phenolases In accordance with this formula- 
tion 1t was found that, after aerobic mcubation with 
potato phenolase, diphosphopyridine nucleotide, 
ethanol and crystalline yeast alcohol dehydrogenase, 
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Fig 2 Oxidation of reduced diphosphopyridine nucleotide by 


peroxidase in the presence of cestrogenic phenols Trw (hydioxy- 

methyl) amino methane buffer (0 03 M) pH 7 4, 0 3 umole 

DPNH, 20 ugm ostradiol-178 ın 0 02 ml ethanol, 0 03 zmole 

MnCl,, 5 ugm horseradish peroxidase Total vol 3 cc Inght 

path 1 cm_25° © in ar. Wave-length 340 mu A, complete 

system, B, omit cstradiol-178, C and D, omit MnCl, or 
ostradiol-178 and MnCl, 


cestradiol-178 1s converted to at least two other sub- 
stances which migrate much more slowly than 
cestradiol-178 when chromatographed on paper with 
a heptane-methanol solvent!$ 

These findmgs are undoubtedly related to the 
reported inactivation of cestrogens by plant phenol- 
ases" It 1s possible that they have some bearing 
on the formation of hydroxylated derivatives of 
eestradiol-178 catalysed by liver microsomes in the 
presence of reduced triphosphopyridine nucleotide 
and oxygen}, the stimulation of formate meorpora- 
tion into isolated uterus by the addition of o-hydroxyl- 
ated derivatives of cestradiol-178 ın voro!?, and the 
urmary excretion of 2-methoxy forms of cstrone! 
and cesiriol? 

An entirely different type of hydrogen transport 
mediated by phenolic cestrogens is catalysed by 
peroxidases purified from either horse radish or cow’s 
milk Fig 2 shows that reduced diphosphopyridine 
nucleotide 1s oxidized upon the addition of peroxidase 
and low concentrations of cestradiol-178, and that the 
1eaction 1s stimulated by 10-5 M manganous chloride 
Manometric expermments revealed that the oxidation 
of reduced diphosphopyridme nucleotide proceeds 
to completion with the consumption of one atom of 
oxygen per mole of reduced diphosphopyridine 
nucleotide oxidized Reduced triphosphopyridine 
nucleotide and reduced nicotinamide mononucleotide 
are oxidized at the same rate as reduced diphospho- 
pyridine nucleotide This phenol-dependent oxida- 
tion of reduced pyridime nucleotide does not require 
the addition of hydrogen peroxide Under these 
experimental conditions, hydrogen peroxide does not 
induce the oxidation of reduced diphosphopyridine 
nucleotide unless an appropriate phenol ıs present 
"With cestradiol-178, or hexcestrol or diethylstil- 
beestrol as co-factors, the oxidation of reduced 
diphosphopyridme nucleotide ıs abolished by 0 001 M 
sodium cyanide and by catalase 50 per cent of the 
maximal rate of oxidation was found with a final 
concentration of cestradiol-1768 of 8 x 10-9 M A 
free phenolic hydroxy] group 1s required for cestrogens 
to exert a carrier function In contrast to the phenol. 
ase-catalysed reactions described above, no induction 
period is observed when monophenohe cestrogens 
mediate the oxidation of reduced diphosphopyridme 
nucleotide in the peroxidase system Moreover, 
many o-diphenols which act as hydrogen carriers m 
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the phenolase-dependent reactions are incapable of 
transporting hydrogen 1n the peroxidase system and 
inhibit the action of cestradiol-17@ therem, for 
example, adrenalin, noradrenalin, and 3-hydroxy- 
tyramme The behaviour of phenolic cestrogens 
under these conditions 1s similar to that described for 
a number of simple phenols by Akazawa and Conn?! 
The latter authors have pointed out the similarity 
between such phenol-dependent reactions and the 
oxidation of dihydioxyfumaric acid catalysed by 
peroxidase” They suggested that a ternary complex 
of peroxidase, Mn+ and hydrogen peroxide catalyses 
the oxidation of the phenol (ROH) by oxygen to an 
oxidized form (RO, presumably of a free-radical 
nature) and hydrogen peroxide The latter substance 
could then, by the action of peroxidase, oxidize 
another molecule of the phenol to the oxidized (free- 
radical) form Reduced diphosphopyridine nucleotide 
could further reduce the oxidized phenol The process 
can be envisaged as 


2ROH 4-O,— 2RO +H,0, 
2ROH — H,0,— 2RO + 2H,0 
4RO + 2DPNH + 2H*— 4ROH + 2DPN* 


2DPNH + 2H* + O, — 2DPN* + 2H,0 


Our ability to recover cstradiol-l78 unchanged 
from this peroxidase system ıs in agreement with 
vhis formulation 

These experiments suggest strongly that phenolic 
estrogens can transport hydrogen in virtue of the 
reaction phenol = phenoxy radical Electron spm 
resonance studies by Rexroad and Gordy? have 
shown that hexcestrol can be converted to a free-radi- 
cal form(s) by wradiation It 1s of interest that the 
injeetion of physiological doses of both natural and 
synthetic cestrogens mto ovariectomized rats induces 
enormous mcreases m the activity of uterme peroxi- 
dase?! 

3 1$ & pleasure to acknowledge many valuable 
discussions with Drs Charles Huggins, Paul Talalay, 
Gerhard Closs, and the generous gifts of compounds 
from Drs G C Mueller and E V Jensen This work 
was supported by grants from the American Cancer 
Society, Inc 
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ACTIVATION AND INHIBITION OF THE ARYLESTERASE OF 
HUMAN SERUM 


By Pror E G. ERDÓS, C R. DEBAY and M. P. WESTERMAN 


Mellon Institute, Pittsburgh 13, and School of Medicine, 
University of Pittsburgh, Pittsburgh 13, Pa 


HEX blood plasma contams at least two 
different enzymes capable of hydrolysing 
phenylacetate^? One of them ıs a cholinesterase, 
the other an aromatic esterase (arylesterase)? The 
present studies deal with arylesterase and stem from 
our observation that the disodium ethylenediamine- 
tetraacetate (‘Sequestrene’) added to prevent co- 
agulation m blood samples mhibited arylesterase 
without affecting cholmesterase activity Since 
human arylesterase has been reported to be remark- 
ably resistant to many of the usual mhibitors*. we 
have supposed that further studies of the mhibition 
and acceleration of activity of arylesterase by selected 
agents would prove of interest In particular, tests 
of the effects of metal 10ns and sequestermg agents 
were indicated 

The activity of the enzyme was assayed with a 
modification of Zeller's* method ın a Cary recording 
spectrophotometer at a wave-length of 2800 A The 
instrument was equipped with an expanded scale 
(0-0 1) shde wire assembly, which greatly increased 
the extent of registration The concentration of 
phenylacetate was 1 x 10-* M In the early runs of 
the investigation, the source of enzyme was pooled, 
heparmized human plasma Later, pooled, normal 
human serum gave similar results The serum was 
diluted 1 2,000 v/v, the absorption cells of the 
spectrophotometer contained 0 002 ml of serum m a 
tres-hydroxymethyl ammomethane (ts) buffer of 
pH 74 At this dilution the contribution of cholin- 
esterase to the hydrolysis of phenylacetate was found 
to be negligible m the sera of healthy donors In the 
experiments where the effects of mbibitors or 
activators were tested on the cholmesterase, the 
source of enzyme was purified human plasma cholin- 
esterase preparation (‘Cholase’, Cutter Laboratories) 
This preparation was void of arylesterase activity 
The temperature was kept constant at 27°C Ina 
few control studies, the usual Warburg manometric 
technique or an automatic recording titrator (Titri- 
graph, Radiometer) gave smmular results The effect 
of most of the compounds on the enzyme was tested 
after 5-mm pre-mcubation. All concentrations given 
m this report show the final dilution of the substance 
used 

It was found that the hydrolysis of phenylacetate 
by arylesterase moreased in the presence of calcium 
chlonde* The sensitivity of the different serum 
samples toward calcium varied to a great extent On 
the average, an 85 per cent acceleration was observed 
at 1 x 10-4 M concentration of calcam chloride 
Ethylenediammetetraacetate also enhances the act- 
1viby of arylesterase in the lower concentration ranges 
This activation changes sharply to inhibition at con- 
centrations higher than 10-5 M The enzyme was 
totally mhibited by 2 5 x 10-5 M ethylenediamme- 
tetraacetate When the sodium salt of the calcium- 
ethylenediammetetraacetate complex (‘Sequestrene 
Na,Ca’, calc1um-ethylenediammetetraacetate) was 
used instead of ethylenediamunetetraacetate, no in- 
hibition was observed On the other hand, the 


magnesium — ethylenediaminetetraacetate complex 
inhibited similarly to ethylenediaminetetraacetate 
This latter effect was probably due to the fact that 
calcium from the system replaced magnesium in the 
complex The stability constant of ethylenediamine- 
tetraacetate with Ca?* is log K = 10 59 and that of 
Mg?', 8 69 Another ethylenediaminetetraacetate 
derivative, ethylenediamme — di(o-hydroxyphenyl 
acetic acid) (‘Chel DP’), which has little tendency to 
co-ordinate with calerum (log K for Ca?* is 1 6), did 
not inhibit arylesterase In some preliminary studies, 
swine serum arylesterase* was also inhibited by 
ethylenediaminetetraacetate 

The results obtamed with calcium prompted us to 
investigate the effect of other cations on the enzyme. 
Arylesterase was hibited by a number of rare earth, 
alkaline earth and metalions The best mhibitor was 
GdCl;, Iso = 4 x 10 M, the weakest, MgCl, 
I o =4 x 10-4 M The mhibitory effect decreased 
m the followmg order - GdCl;, CeCl;, LaCls, Y(NOs3)s, 
SmCl;, CdSO,, HgCl;, AgNO;, PbCl,, ZnSO,, NiSO,, 
CoSO,, CuCl,, MnSO,, BaCl;, SrCl,, MgCl, 

Under the experimental conditions used, the most 
interesting feature of these series was the mhibition 
by low concentrations of the stable trivalent rare 
earth cations and by somewhat higher concentrations 
of heavy metals Yttrium and the rare earth 1ons 
were about equally active, the Is, values fallmg m 
the 10-7 to 10-9 M range p-chloromercuryphenyl 
sulphonic acid also inhibited the enzyme (l,, = 
3 x 10-*M) Thus, m addition to rabbit’, the human 
enzyme 18 also sensitive to sulphydryl agents Sodium 
citrate and an amuino-oxidase mhibitor, l-phenyl-2- 
hydrazmopropane (JB516), mhibited the enzyme m 
a relatively high concentration The 7,» values were 
6 x 10-4 M and 2 x 10-4 M, respectively 
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Fig 1 Inhibition and acceleration of the hydrolysis of phenyl- 
acetate by human serum arylesterase (4) and by purified, con- 
centrated human plasma cholinesterase (B) (1) control, (2) ethyl- 
enediaminetetraacetate 25 x 10 M, (3) ealeium chloride, 
1x10 M, (4)eserine, 25 x 107° M, (5) JB516,1 x 107 M 
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As mdicated above, 2 5 x 10-5.M ethylenediamine- 
tetraacetate inhibited the enzyme completely Pre- 
sumably this mhibition is due to removing the 
ealezum from the enzyme molecule The acceleration 
by low concentrations of ethylenediamunetetraacetate 
may reflect a binding of an inhibitor present m the 
system When a 10-4 M calcium chloride solution was 
added soon after 5 x 10-5.M ethylenediammetetraace- 
tate to the enzyme, the inhibition gradually decreased 
and up to 70 per cent of the normal activity was 
restored If, stead of calerum, magnesium was added, 
only a negligible decrease m mhibition was observed 

When al 10 v/v dilution of serum was dialysed 
against a tres-buffer at 4° C, the activity of aryl- 
esterase decreased 65 per cent within 17 hr, but it 
could be partially restored by adding calcıum to the 
dialysed enzyme If the enzyme solution contained 
ethylenediammetetraacetate in the dialysis tube, 
95 per cent of the activity disappeared during the 
dialysis and calcium did not reactivate the enzyme 
This indicates that the removal of ealeium from the 
arylesterase led to irreversible changes When the 
enzyme solution contaimed cealerum-ethylenediamine- 
tetraacetate durmg the dialysis mstead of ethylene- 
diaminetetraacetate, the enzyme activity remained 
the same as that of the dialysed control Finally, 
when the enzyme was dialysed against a tres-buffer 
which contained 10-4 M calcium chloride, the activity 
did not diminish during dialysis 

Others have shown earlier that phenylacetate 1s 
hydrolysed by both arylesterase and the cholin- 
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esterase of human serum or plasma However, Fig 1 
summarizes some of the differences between the two 
enzymes In this figure the increase 1n optical density 
is plotted against time m minutes This merease is 
due to the amount of phenol liberated which m turn 
1s a function of the enzymic activity Part A shows 
that arylesterase was mhibited by ethylenediamine- 
tetraacetate and JB516, activated by calcium, and 
unaffected by eserme!-?  Cholase (part B), as ex- 
pected, was inhibited by eserme The activity of 
cholinesterase with phenylacetate substrate was 
accelerated by JB516 and unaffected by 1 x 10-! M 
Ca?* and ethylenediammnetetraacetate 

The results summarized ın this report mdicate the 
dependence on calcium of the arylesterase as well as 
the sensitivity of this enzyme toward several mhib- 
itors A detailed account of the work with aryl- 
esterase and on the effect of J.B516 on cholinesterase 
will be published elsewhere 

Ethylenediammetetraacetate, 1ts derivatives, and 
the technical data were kindly supphed by Geigy 
Industrial Chemicals, JB516 by Lakeside Labor- 
atories 
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REDUCTION OF TOXICITY OF CATIONIC MACROMOLECULES 
BY COMPLEXING WITH ANIONIC DERIVATIVES 
OF SYNTHETIC POLYGLUCOSES 


By P T MORA, B G. YOUNG and M J. SHEAR 
National Institutes of Health, Bethesda 14, Maryland 


NIONIC derivatives of synthetic polyglucoses 
were found! to mbhubit enzyme activity of 
cationic protems m consequence of the formation 
4n vitro of complexes through electrostatic forces 
In the case of lysozyme, small amounts of salt 
prevented complex formation, when added after 
complexing, salt caused dissociation accompanied by 
reversal of the inhibition On the other hand, low salt 
concentration did not prevent complexing with ribo- 
nuclease, hyaluronidase and some other enzymes 
The present communication reports experiments 
designed to ascertain whether the toxicity of cationic 
drugs of high molecular weight can be effectively 
blocked by analogous complexing with anionic 
polyglucose derivatives in the livmg anımal, where 
complex formation can be affected by the salt and 
by the competing cationic macromolecules which are 
present It was found that the toxicity of a number 
of such materials could, mdeed, be reduced Our 
findmgs extend the recent report of Higginbotham® 
that heparm, a naturally occurring anionic polysac- 
charide, reduced the toxicity of polymyxin-B m mice 
In the current experiments the compounds were 
employed in solution in pyrogen-free water, the 
total volume of fluid admimstered was kept between 
01 and 0 4 ml per animal Ten-week old strain C 


mice of both sexes, weighmg 18-20 gm, were em- 
ployed ın groups of ten The mice were observed 
for several hours after treatment, and 24-hr survival 
was tabulated 

The cationic substances administered at toxic level 
were polymyxm-B, protamine, stieptomycin, and 
neomyem ‘Toxic effects were found to be reduced 
by subsequent admunistrat;ion of the sodium salts 
and of the free acid forms of the sulphate and carboxyl 
derivatives of polyglucose Two sulphated prepara- 
tions were employed, both derived from a poly- 
glucose with a number average molecular weight of 
about 20,000, the number of sulphate gioups per 
anhydro-glucose unit was 3 and 0 6, respectively 
The former was preparation Ht [n] = 0 04, the 
latter was preparation D4, [n] = 0 04, the free acid 
form was obtained by treatment with a cation 
exchange resin The carboxyl derivative contained 
17 per cent carboxyl (preparation e) 

Polymyxin-B was given m a standard dose of 
05 mgm/mouse The mice reacted as follows 
withm 3 mm they were prostrated, respnatory 
embarrassment and severe convulsions developed 
m about 10 mm , they began to die m about 20 
min , those few that survived for 40 min recovered 
and were still alive at 24 hr 
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Table 1 COUNTERAOTION OF TOXICITY OF CATIONIC MACROMOLECULES 
BY SUBSEQUENT ADMINISTRATION (5 MIN LATER) OF ANIONIO POLY- 
GLUCOSE DERIVATIVES 




















Toxicity from Counter treatment 24-hr 
I ———————————À survival 
Cationic Mem / Polyglucose Mgm / (10 mice 
substance mouse derivative mouse | per group) 
Polymyxin-B 06 — — 2 
Sulphate H 
(acid form) 1 10 
Sulphate H 05 10 
Sulphate 1 g* 
Sulphate H 1 8t 
Sulphate H 
(Na salt) 1 10 
Carboxyl 
facia) 1 10 
acid 05 10 
Na salt) 05 10 
Protamine 3 Control — 0 
Sulphate H 
(acid) 8 10 
Streptomycin 8 Control — 2 
Sulphate H 
(acid) 8 8 
Neomyc:n 3 Control — 4 
Sulphate H 
(acid) 6 8 
10 6 











*10 min interval between injections 
T 20 min interval between injections , two mice were already dead 


When polyglucose sulphate was administered 5 
mm after this dose of polymyxm-B, all the mice 
recovered rapidly and behaved normally within 30 
mim , even when the counteracting dose was delayed 
for 10 or 20 mm, at which time some of the mice 
were already dead, the moribund animals recovered 
Sumlar counteraction of the toxicity of polymyxm 
was obtamed with both the salt and the acid forms 
of the sulphate and carboxyl derivatives (Table 1) 
Analogous protection was obtamed against the lethal 
effect of protamme However, the toxicity of strepto- 
mycin and of neomyem was only partially reduced 
even when larger amounts of polyglucose sulphate 
were used This 1s ın Ime with the requirement for 
high molecular weight ın the blockmg? of enzyme 
activity 

In the second set of experiments (Table 2) the poly- 
glucose derivative was mjected first, subcutaneously 
at the nape, while the cationic substance was given 
mtraperitoneally In the experiments with poly- 
glucose sulphate and polymyxin-B, protection against 
lethality and toxic manifestations was virtually com- 
plete when the mterval between the myections was 
2-90 mm The protective effect of the carboxyl 
derivative was of shorter duration Polygiucose 


Table 2 PROTECTION FROM LETHAL TOXIOITY OF POLYMYXIN-B 
(0 5 MGM /MOUSE) BY PRIOR INJECTION OF ANIONIO POLYGLUCOSE 
DERIVATIVES AT A DIFPERENT SITE 




















Protective treatment 
Time 24-hr survival 
Polyglucose deriva- Mgm / between (10 mice per 
tive (acid forms) mouse injections group) 
None — — 2 
Sulphate H 1 1 day 4 
» 1 300 min 3 
"m 1 180 ,, 8 
a 1 90 ,, 10 
» 1 60 ,, 10 
Y» 1 30 ,, 10 
” I 5, 10 
” 1 2 4, 9 
i 05 30 ,, 6 
x 0 25 30 ,, 5 
Carboxyl 1 5 os 10 
» 1 10 ,, 1 
|. * 2 10 ; 8 
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sulphate (1 mgm ) yielded partial protection against 
the lethal dose of protamme (3 mgm ) 

These experiments showed that polyglucose sul- 
phate afforded protection promptly even when 
injected by a different route and at a site distant 
from that employed for the polymyxm. In addition 
to the direct action of the amonic derivative upon 
the cationic drug, ıt ıs possible that mobilized acid 
polysaccharide of tissue origin also may contribute 
to the blocking of the lethal effect 

Synthetic polyglucose derivatives can provide 
molecular model systems suitable for the study of 
macromolecular mteractions and of the consequent 
biological changes Polyglucoses can be prepared 
different ın molecular weight and m degree of branch- 
ing? They have a highly branched, spherical struc- 
tures, and possess numerous alcoholic hydroxyl 
groups suitable for graded substitution with dissociat- 
mg groups For example, polyglucose sulphates 
with different degrees of sulphation! can be used to 
study the effect of molecular parameters (size, 
charge density, etc ) on macromolecular mteraction!? 

The effect of difference m charge density of poly- 
glucose sulphates upon their potency mn eounteraeting 
the lethal effect of polymyxm-B was also mvesti- 
gated Preparations H and D of polyglucose sulphate 
sodium salt, described above, were given as m the 
experiments summarized in Table 1, that is, the 
&nionic derivative was mjected 5 mm after the lethal 
dose of polymyxm-B (both given mtraperitoneally) 
Table 3 shows that the polyglucose sulphate with the 
Ingher charge density gave greater protection, for 
example, at the 0 l-mgm level, preparation H gave 
complete protection while preparation D gave none 


Table 3 EFFECT OF CHARGE DENSITY OF POLYGLUOOSE SULPHATE 
ON COUNTERACTION OF TOXICITY OF POLYMYXIN-B (0 b MGM /MOUSE 


INJEOTED 5 MIN EARLIER) 





Polyglucose sulphate sodium salt 








24-hr survival 
S80,/anhydro- (10 mice per 
Preparation glucose unit Mgm /mouse group) 
= — — 1 
H 8 05 10 
D 06 05 9 
H 3 0 25 10 
D 06 0 25 3 
H 3 01 10 
D 00 01 1 
H 8 0 05 4 














Thus ıt has been found that such anionie deriva- 
tives of polyglucose were capable of protecting mice 
against a lethal dose of cationic macromolecules not 
only when admunistered first, but also by counter- 
acting toxicity m moribund anmmals Furthermore, 
the greater their charge density the greater was their 
effectiveness 

Cationic polyglucose derivatives have now been 
synthesized Ther mteraction with naturally occur- 
ring anionic macromolecules, and the effect of such 
interaction on the biological properties of the latter, 
are projected 
1 Mora, P T , and Young, B G , Nature, 181, 1402 (1958) 

3 Mora, P T ,and Young, B G , Arch Biochem Biophys (1n the press) 
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QUANTITATIVE ASSAY OF COMPOUNDS IN ISOLATED, 
FRESH NERVE CELLS AND GLIAL CELLS FROM 
. CONTROL AND STIMULATED ANIMALS 


By Pror. HOLGER HYDEN 
Department of Histology, Faculty of Medicine, University of Gothenburg 


R cytophysiological studies it is desirable to 

express results in amounts of biologically impor- 
tant substances per cell. The same trend seems now 
to exist in neurocytology for unicell analyses as is the 
case in electrophysiology. This article gives an 
account and applications of the methods used in 
our laboratory for the determination of substances 


expressed as pgm. per fresh nerve cell or per volume 
of fresh glial cells. 


Lowry' and his associates! have dissected nerve 
cells from thick, frozen and dried sections and have 
obtained excellent results. We prefer to dissect nerve 
cells from a cut surface through the desired locus of 
the fresh tissue, immersed in isotonie sucrose solution. 
The dissection is made free-hand under a stereo- 
microscope, at a magnification of 64 or 100. A 
stainless thread, 15 or 184 in diameter, and sharp- 
ened to ~ 2u (manufactured by Kanthal AB, Hall- 





Fig. 1. Fresh nerve cells dissected out free-hand, photographed in the phase-contrast microscope. Slightly oe with methylene 
Y 


blue to show density of t 
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Total dry weight Nucleotides Enzymes 

Proteins R.N.A. Purine bases Micro-diver 

Free lipids -. Microphoresis 
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Fig.2. Survey of the methods used on the dissected out nerve cells and their glial cells 


e synapses as small knobs on the surface. (x c. 


stahammar, Sweden), is used for 
lifting out the nerve cells into an 
isotonic sucrose solution. The main 
part of the dendrites comes with 
the cell (Fig. 1). Usually a very 
small amount of methylene blue in 


oue suerose solution is applied to the 
Oed cut surface for some seconds. The 
Lysine stain is taken up by the synapses, 


which are seen as a finely dotted 
border around the area occupied by 
the unstained nerve cell. The cell 
is removed before it takes up the 
dye, and transferred to the sub- 
strate or to the sucrose solution, 
where it is freed from adhering glia 
by gentle manipulation. Note the 
density of synapses on the surface 
of the soma and dendrites of the 
fresh nerve cell (Fig. 1). Nerve 
cells sampled in this way are used 
for the determination of the weight, 





= 





Fig.3. Fresh nerve cells plus the neuroglial cells originally closely 


surrounding each cell dissected free and trimmed to the same 

volume as that of their nerve cell and placed In a row below the 

nerve cells. The collection of glial cells slightly -— against 
the glass. (Phase contrast, x c. 30 





a protein and a free lipid fraction®*, ribonucleic 
acid, nucleotides*^, of labelled substances such 
as MC.orotie acid and "C.lysine*, and of enzyme 
activities? (Fig. 2). The oligodendrocytes closely 
1 surrounding the nerve cell easily come off in the 
substrate and adhere to each other, and the collection 
may assume a spherical form. It can easily be 
trimmed to approximately the same volume as that 
of the nerve cell to which they belong (Fig. 3). 
The collection of glial cells is freed from larger parts 

. of axons or dendrites. 

No method hitherto described is ideal for volume 
determination of such an irregular cell as the nerve 
cell ; not even the interference microscope technique. 
The following method seems adequate. The total 
dry weight of a fresh nerve cell including the main 
part of the dendrites, precipitated with 1 N cold 
perchloric acid for 30 sec. and washed and dried, is 
_ determined by X-ray microradiography at 8-10 A. 

> The X-radiogram is evaluated by our scanning cell 





t 
i 
Rs è analyser, which gives the weight of the cell based on 
* up to 12,000 measurements in 4 min. The dry weight 
^ per unit volume of the nerve cell is determined on a 
frozen and dried section prepared in the eryostat. 
by The volume of the fresh cell irrespective of its irregular 










form is the total weight divided by the mass per y? 

p of the cell material. 'The value for the organic 

— material in the nucleus has been found to be as high 

= as that in the cytoplasm. 

It was found that the mass per unit volume of 

p fresh glial cells is 0:20 upgm./u’, which is the same 

. as that of their nerve cells. Hence, it is possible to 

_» compare nerve cells and glial cells on the same volume 
basis. 

Rabbits were subjected to mild rotation, through 

0° horizontally and 30° vertically, 35 turns/ 

ün., for 25 min./day for 6 days. The results— 


Enzyme activity as 107* Jl. O;[hr./cell at 37°. 
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those on the effect of stimulation on the nerve cells — 
will be published in detail elsewhere, in collaboration 
with Dr. A. Pigon. 


et 
Table 1. Data FROM 80 DEITER'S NERVE CELLS, RABBIT — 
Values in ugm. Vol. averaged 03-200 z^. The dry weight as pum. [y 
was 0:23 ; 
Sji 













Lipids 
Dry solublein| Ribo- 
Structure weight | Proteins | chloro- | nucleic 


form acid 


Soma | 20,800 4,200 








16,600 1,100- 
1,300 
Nucleoplasm | 800 650 200 | ~20 
Nucleolus 100 
Nerve cell 
total 21,700 | 17,250 | 4.400 | 





The ribonucleic acid content of the oligodendrocytes. 
expressed per volume, equivalent to that of the n i 
cell, was in 15 analyses found to be approximately 
100 uugm., that is, ten times less than the ribonuelei 
acid content of the nerve cell. This is noteworthy 
since the number of glial cells surpasses that B 
neurons by a factor of probably more than tem. 
Thus, it is not possible to state that ribonucleic ac 
found in bulk analyses of the central nervous syster 
is that of the nerve cells, as is stated in several 
papers. 








Table 2. EFFECT OF VESTIBULAR STIMULATION ON THE DRY WEIGHT | 
OF DREITER'S CELLS, RABBIT 
Values in nugm. 





(per cent) 


Vt 
Nerve cells No. Weight 
Controls 50 19 
Stimulated 
25 min./day for | 
6 days 47 24,300 31 














t V, variation coefficient. 


The effect of the vestibular stimulation on these 
cells, second in the neuronal chain, is thus a significant 
increase of the dry weight of organie material. The 
conclusion is that the increased functional demands . 
cause a production of intraneuronal organic material, 
the proteins included. This fits with earlier findings 
using another type of technique’. r 

With measurements also on nerve cell plus same” 
volume of glial cells altogether 500 cells have been 
measured. 

In the controls, the respiratory enzyme activity is 
twice as high in the glial cells as in the nerve cell 
they belong to, measured on the same volume. This 
fits well with the results of the same enzyme activity — 
in spinal ganglion cells and in their satellite cells®, 


| Table 3. EFFEOT OF VESTIBULAR STIMULATION ON THE RESPIRATORY m AcTIVITY IN DEITER'S CELLS AND IN THE SAME VOLUME OF 
THEIR GLIAL CELLS 


Cells measured one, two or three at a time in one micro-diver 





Cytochrome oxidase 
Mean P 








No. of cells 


25 





Nerve cells, stimulated 








| 0:01** 
Nerve cells, controls 34 
Glial cells, stimulated | 36 
0:001*** 
34 | 11:5 


Glial cells, controls | 








| 





Suecinoxidase 











Ratio | No. of cells 
| 57 
1:8 
35 
4l 
0:3 
33 
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&nd also with respect to other enzyme activities m 
this type of nerve cells! 

The vestibular stimulation for 25 min /day for 6 
days increased the respiratory enzyme activity of the 
nerve cells, belonging to the second neuron of this 
pathway, to a higher level Considering that the 
organic mass per nerve cell also increased, 1$ may be 
assumed that the stimulation caused an mcrease m 
the enzyme concentration as well as activity But, 
at the.same time, the enzyme activity ın the ghal cell 
decreased, and significantly so m the case of cyto- 
chrome oxidase It ıs impossible at present to mter- 
pret these results The following tentative workmg 
hypothesis may be presented Several observations 
support the view that the glial cells, especially the 
oligodendrocytes, are donors of energy or of food to 
the nerve cell they serve It 1s also known that there 
occurs a shift ın the substrate for the metabolism of 
the stimulated central nervous system compared with 
the non-stimulated The central nervous system 
can furthermore burn substances other than glucose!? 

Therefore, when the nerve cells demand more 
energy at the increased activity, they are presumably 
given priority to the necessary substances by the 
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neurogha These cells may cut down ther meta- 
bolism, which 1s reflected m the decreased cytochrome 
oxidase activity There may be an imbuibiimg 
mechanism at that terminal step, at mereased 
neuronal activity, and the ghal cells may be the 
cellula parts of the central nervous system which 
have to resort to substances other than glucose 

These studies have been supported by the Rocke- 
feller Foundation and by the Swedish Medical 
Research Council 
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VIRAL MULTIPLICATION AND CELLULAR HYPERPLASIA 
By Pror COUNCILMAN MORGAN 


Department of Microbiology, College of Physicians and Surgeons, 
Columbia University, New York, 32 


E assessing the mechanisms whereby certain 
viruses cause either cellular proliferation or 
neoplasia, ıt is obviously important to determme 
whether replication of the virus augments or inhibits 
mitosis of the host cell Data bearmg directly on this 
problem are scant Dawson!, studying the histology 
of focal lesions ın chicken ohorioallantoie membranes 
infected with herpes simplex virus, reported necrosis 
and hyperplasia of the ectodermal cells but found 
that only “some of the cells show the characteristic 
intranuclear changes of infection”? Burnet et al? 
confirmed these observations and noted that the 
prohferation followed initial necrosis of the ectoderm 
In addition, these authors described hyperplasia of 
the entodermal cells without the nuclear swelling, 
margmation of chromatin and formation of inclusion 
bodies which were believed to accompany viral 
infection Later, Beveridge and Burnet? found 
inclusion bodies “only with great difficulty’? m some 
chorioallantoic lesions induced by herpes simplex 
vimus The foregomg observations, together with the 
fact that sterile broth, saline and emulsions or 
filtrates prepared from animal tissue caused pro- 
liferation of the ectoderm at the site of moculation, 
led the authors to suggest that m the case of viral 
infection “‘the cell ıs damaged, and m response to 
something diffusmg from the damaged cell—erther 
virus particles or, more probably, growth stimulating 
substances resultmg from primary damage—neigh- 
bourmg ectodermal cells prolferate”’ 

Regardmg neoplasms, it has been recognized 
that in the human skm some verruce caused by 
viruses! were characterized by the presence of intra- 
nuclear melusion bodies** and by the appearance m 
the electron mueroseope of mtranuclear crystalline 
arrays of particles presumed to represent virus? 


Bunting et al? and Blank®, however, noted that the 
cells which contained the inclusion bodies were not 
seen in process of division More recently, Bloch and 
Godman? reported that the bulk of these tumours 
was composed of “normal appearmg cells” and sug- 
gested that “epidermal cells with morphological 
stigmata of infection, that 1s melusion bodies, have 
lost their capacity for mitotic proliferation” These 
authors proposed erther that the explanation by 
Beveridge and Burnet regarding growth-promoting 
substances was correct or that the viral infection 
was present but morphologically and cytochemically 
inapparent in the light microscope 

The preceding studies by hght microscopy were 
largely dependent upon the recognition of inclusion 
bodies as presumptive evidence for the presence of 
virus It has not been definitely established, however, 
what relationship the melusion bodies bear to the 
viral particles themselves, nor 1s 16 known whethor 
viral development ıs invariably accompanied or 
followed by the appearance of an inclusion body m 
the host cell Another approach to the problem of 
identifymg virus in specific cells was provided by the 
fluorescent antibody technique Noyes and Mellors?# 
examined sections of rabbit papillomas stamed with 
fluorescent antibody to the antigen of the Shope 
papiloma virus The antigen was found to be mtra- 
nuclear and generally confined to cells of the super- 
ficial keratohyaline or keratmized layers “It was 
surprising,” the authors commented, "that practically 
all the colls m the proliferating layers of the papil 
loma contained no antigen, for the cells ın these layers 
make the major contribution to the growth of the 
papilloma” They added that “there was failure to 
demonstrate any viral antigen m the mitotic figures 
of the proliferating layers" From these results the 
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authors advanced the postulate “that the virus 1s 
present m the germmal and tho proliferating cells but 
exists there ın an early stage of development, con- 
sisting mainly of nucleic acid and deficient ın protem, 
and therefore non-antigenie and not demonstrable 
by fluorescent antibody” The possibility that virus 
was present but m insufficient amounts to produce 
fluorescence could not be excluded 

With the advent of techniques surted to the 
preparation of thin sections for electron microscopic 
examination, a method was at hand for visualizing 
viruses ın host cells at sufficient resolution to detect 
stages m the differentiation of structural components 
Of the viruses mentioned above, herpes simplex virus 
lends itself most readily to study m the electron 
microscope by virtue of the fact that ıt grows well 
both m tissue cultures and in the chorioallantoic 
membrane Employmg the latter cell system, 1t had 
been determined previously" that the virus develops 
in the nucleus where ıt differentiates withm charac- 
teristic aggregates of granules and appears mutially 
as a central body enclosed by a single membrane 
Afterwards, a second membrane 1s formed Particles 
with a central body and two peripheral membranes 
appear to be the completed, mfectious unt Once 
the stages m morphological development were recog- 
nized 1 became possible to identify an mfected cell 
with considerable certamty sunply by the presence 
of viral components, even though few m number and 
not fully assembled mto complete virus, and by the 
accompanymg alterations m fine structure It was 
decided, therefore, to re-examine the relationship of 
herpes simplex virus to cellular hyperplasia Accord- 
ingly, a recently isolated stram (J M Y? of herpes 
simplex virus was transferred from tissue cultures 
directly to chorioallantoie membranes Three and 
five days after moculation the resulting focal lesions 
were fixed m osmium tetroxide, dehydrated m ethyl 
alcohol, embedded in methacrylate and cross-sectioned 
at multiple levels for examunation m the electron 
microscope Thick sections were also cut and Stained 
for orientation by hght microscopy At three days 
there was marked hyperplasia of the ectoderm with 
necrosis of the superficial cells toward the centre of 
the lesion The mesoderm showed cedema and 
infiltration by inflammatory cells and there was 
moderate, but definite, hyperplasia of the underlymg 
entoderm The most striking feature revealed by the 
electron microscope was that only a small proportion 
of the ectodermal, epithelial cells contamed viral 
components or, mdeed, showed any of the character- 
istic changes 1n. nuclear fine structure associated with 
viral multipheation At five days more cells of the 
ectoderm were found to be mfected and necrosis had 
extended Contrary to expectation, however, many 
of the cells undergomg necrosis were devoid of virus 
Tn no instance was an infected cell encountered within 
the hyperplastic entoderm The foregoing suggests 
that under the conditions of these expermments 
hyperplasia 1s not dependent upon the intracellular 
presence of recognizable virus or viral components 

Recently, Stoker", studying single HeLa cells m 
tissue cultures infected with herpes simplex virus, 
found that “none of the cells which yielded virus 
divided” and, further, that using tissue cultures in 
synchronous division ıb was possible to inhibit 
mitosis by the addition of virus even 1 hr before 
division was to occur If it could be shown that the 
mode of viral development were simular both 1n tissue 
culturo and m the chorioallantoi1e membrane, 16 
would not be unreasonable to assume that Stoker’s 
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observations regarding the mabihty of infected cells 
to divide would apply to the latter cell system as well 
Consequently, detailed comparison was made by 
electron microscopy between the development of the 
JM stram m chorioallantoic membranes and its 
development ın HeLa and human amnion cells grown 
m tissue culture No basic differences either in the 
manner of viral evolution or in the morphological 
response of the host cell were encountered Pre- 
sumably, then, ın the chorioallantoic membrane, as 
m tissue culture, herpes simplex virus prevents 
mutosis of the cells m which ıt differentiates It would 
appear that some factor provided by the mtact host 
is necessary for the hyperplasia to occur, for, as 
Stoker!’ has pointed out, there is little evidence to 
suggest that this phenomenon 1s associated with the 
infection of tissue cultures by herpes sımplex virus 
There are msufficient data to determme whether 
virus also mterferes with mitosis of host cells in the 
case of tumours, but the observations cited above 
regarding verruce and the Shope papilloma are 
certainly consistent with such a concept In this 
connexion, 14 1s of interest that the virus encountered 
in the Lucké carcinoma of frogs!* closely resembles 
herpes simplex virus ın morphology and intranuclear 
site of multiplication. 

The purpose of this communication has been to 
indicate that the hypothesis advanced by Beveridge 
and Burnet regarding the hyperplasia associated with 
infections by herpes simplex virus ıs supported by 
electron mucroscopic examination and warrants 
further study with the techniques currently available. 
Although none of the observations herem reported 
exclude the possibilty that a masked form of the 
virus 18 operative in neoplasia, 16 1s equally possible 
that m certam neoplasms a cellular product other 
than the virus itself stimulates mitosis The role, 
then, of the mitiatimg viral infection would be to 
generate or liberate this product If such were the 
case ıb would explain the apparent contradiction 
presented by the suggestion that a virus may mbibit 
mitosis, on one hand, and stimulate cellular division, 
on the other, for the virus could multiply at a sıte 
removed from the region of cellular proliferation 
Moreover, the wide variation encountered in viral 
assays of tumours! could be accounted for if the 
stimulus for mitosis were mediated not by the virus 
per se, but by a cellular product resulting from viral 
infection In these circumstances the titre of virus 
withm the tumour would not necessarily bear a con- 
sistent relationship to the extent of mitotic activity 

This study was aided by a grant from the National 
Foundation 
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FORTHCOMING EVENTS 


Saturday, October 3 


ASSOCIATION OF CLINICAL BIOCHEMISTS (Joint meeting with the 
Association of Clinical Pathologists, at the Royal College of Surgeons, 
Lincoln’s Inn Fields, London, W C 2), at 9 30 à m —Seientific Papers 
5pm —Annual General Meeting 


Monday, October 5 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (Joint meeting 
with the Plastics and Polymer Group, at the Royal Institution, 
Albemarle Street, London, W 1), at 6 80 p m —Sir Robert Robinson, 

M f z S “The Polymerisation of Olefines Using Organo-metallic 
Catalysts” 


Wednesday, October 7 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 
Burlington House, Piccadilly, London, W 1), at 7 p m —Meeting on 
“Atmospheric Pollution Analysis” 


Friday, October 9 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W C 2),a65 30 p m —Sir Wilhs Jackson, F R S —Presidential Address 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS 
Group (at “The Feathers”, Tudor Street, London, E C 4),at 6 30 pm 
—Discussion Meeting on ‘Routine Toxicity Tests in the Control of 
Pharmaceuticals” opened by Mr P Andrews 


Saturday, October 10 


NUTRITION SOCIETY (at Guy's Hospital Medical School, St Thomas’s 
Street, London, S E 1), at 10 80 a m —Symposium on “Nutrition and 
the Eye" 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LECTURER IN AGRICULTURE—The Principal, Yorkshire 
(W R ) Institute of Agriculture, Askham Bryan, near York (October 8) 

HEAD OF THE DEPARTMENT OF PURE AND APPLIED PHYsICS—The 
Registrar, Royal Technical College, Salford 5, Lanes (October 10) 

SENIOR LECTURER IN MATHEMATICS, a LECTURER IN MATHEMATICS, 
and an ASSISTANT, Grade “B”, IN MATHEMATICS—The Registrar, 
Royal Technical College, Salford 5 (October 10) 

SENIOR LECTURER (with particular interest in protems or nucleic 
acids) IN THE DEPARTMENT OF MICROBIOLOGY—The Deputy Registrar, 
The University, Edgbaston, Birmingham 15 (October 14) 

READER or SENIOR FELLOW IN BIOGEOGRAPHY IN THE DEPARTMENT 
OF GEOGRAPHY, Research School of Pacific Studies, Australian National 
University, Canberra—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, WC1 
(Australia, October 15) 

LECTURER IN PSYCHOLOGICAL MEDICINE—The Secretary of Univer- 
sity Court, The University, Glasgow (October 19) 

CHAIR OF OPHTHALMOLOGY AT THE INSTITUTE OF OPHTHALMOLOGY 
—The Academic Registrar, University of London, Senate House, 
London, W C 1 (October 21) 

VANDERVELL CHAIR OF PHARMACOLOGY AT THE INSTITUTE OF 
Basic MEDICAL ScIENCES—The Academic Registrar, University of 
London, Senate House, London, WC 1 (October 22) 

LECTURER IN CIVIL ENGINEERING at the University of Western 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (Austraha, 
October 30) 

CHAIR OF INORGANIC and PHYSICAL CHEMISTRY 11 the University of 
Tasmania—The Secretary, Association of Universities of the British 
era d 36 Gordon Square, London, W Cl (Australia, 

etober 

LECTURERS (2) IN GEOGRAPHY, and a LECTURER IN GEOLOGY at 
the University of Hong Kong—The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, 
W C1 (Hong Kong, October 31) 

TEOHNICIAN 1n the Department of Physiological Chemistry to cut 
sections and apply standard histochemical tests 1n relation to a pro- 
gramme of research which ts just being started—The Assistant Bursa, 
The University, Reading (October 81) 

FELLOW or SENIOR FELLOW IN PHILOSOPHY within the Department 
of Social Philosophy, Australian National University, Canberra—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W C 1 (Australia, November 10) 

CHAIR OF ANATOMY tenable in the Newcastle Division of the Univer- 
sity—The Registrar, University Office, 46 North Bailey, Durham 
(November 21) 

CHAIR OF GEOGRAPHY in the University of Otago, Dunedin, New 
Zealand—The Secretary, Association_of Universities of the British 
Commonwealth, 36 Gordon Square, London, WC1 (New Zealand, 
December 15) 

HEAD OF THE DEPARTMENT OF MATHEMATIOS—The Registrar, The 
College of Technology, Ashley Down, Bristol 7 
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Commonwealth Education The United Kingdom Contribution 
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MANAGEMENT PROBLEMS IN UNDER-DEVELOPED COUNTRIES 


N a recent broadsheet which reviewed the prospects 
for nuclear power, Political and Economic Plan- 
nmg referred to the potential market m under- 
developed territories for a small reactor similar to 
that for modestly powered gas-turbine and diesel- 
driven generating sets Such a reactor, if cheap, 
with the advantages that rb can be sited where the 
power 1s needed and 1ts fuel requirements are small, 
with the consequent elamination of transmission lines 
and high fuel transport cost, could transform areas 
at present undeveloped or unexplorted Whether 
such reactors will actually help to raise the standard 
of livmg of milhons of people who are now forced to 
do with little or no power and to rely on inefficient 
fuel burning, or human labour or on animals, does 
not depend entirely, however, perhaps even primarily, 
on the ability of the scientists and technologists of 
the United States, Britam or the U 8 S R —the only 
three countries at present able to provide nuclear 
reactors for export, the knowledge of how to work 
them and the necessary instrumentation and ser- 
viemg—to design and manufacture such a reactor at 
a low enough price It depends at least as much on 
the provision of efficient management m the countries 
where the reactors are to be used 
This aspect of technical assistance has not been 
entirely overlooked m earlier discussions of that 
broad problem, but Political and Economie Planning 
has now examined its implications more fully m 
a further broadsheet, “Management and Under- 
developed Territories” (No 434, June 1, 1959)*. 
The broadsheet ıs mdeed prumarily concerned with 
the problems which confront expatriate firms already 
operating m such countries, one after another of 
which are msisting that such firms must bring local 
nationals into ther managerial and technical staff 
Technically quahfied nationals, however, have been 
very hard to find, both for lack of local technical 
education and for lack of the basic education neces- 
sary to acquire technieal qualifications In principle, 
management positions were open to anyone capable 
of filing them, but ın practice Europe and North 
America, have been the only sources of supply 
The broadsheet emphasizes the close connexion 
between political and economic factors m the under- 
developed territories , but to the scientist and tech- 
nologist ıt 18 of special interest for 1ts analysis of the 
way m which Western firms established m such 
countries have sought to meet this demand and of 
the phases of their consequent staffing policy Factors 
are emphasized which should be noted by those who 
proceed to such countries under schemes of technical 
aid, no less than by those who enter the service of 
expatriate firms Particularly is this true of the con- 
cluding section of the broadsheet, which discusses 


Management and 


*Planmng, Vol 24, No 434 (1 June, 1959) 
Political and 


Underdeveloped Territories Pp 118-180 (London 
Economie Planning, 1959 ) 28 6d 


the influence of the political climate in such countries 
and the attitude that 1s adopted towards Western 
mstitutions and ways of domg thmgs The mam 
assumption on which Western aid to the poorer 
countries has so far been based—that, if enough 
technical knowledge and capital are mjected into a 
country which 1s very deficient m both, ıb 1s on the 
way to becommg rich and developed—is frankly 
challenged 

The shortage of educational and traming facilities 
in under-developed countries, especially ın Africa, 
has led many firms to seb up ther own, but this 
has meant both finding young men capable and 
willing to attend courses of higher education, and 
persuading young men already receiving higher 
education in local or European universities that the 
opportunities genuinely exist Competition for the 
talent avaiable locally 1s keen and sometimes the 
supply of young men of good calibre 1s limited by 
the practice of requrmg scholarship holders to enter 
government service for a period Moreover, a man 
nov fully tramed to the standards of a Western 
concern may be, by local standards, fully equipped. 
for a senior post 

The broadsheet naturally does not enter mto the 
problems of promotion policy which can easily arise, 
but these possibilities of friction have to be con- 
sidered in framing a staffing policy and they are not 
diminished where race and class form the basis of 
politics, as they do now to a large extent in under- 
developed countries Political pressure towards 
nationalization, in the sense of mereasmg the pro- 
portion of nationals employed, may not allow the 
time required to determine a wise staffing policy and 
to build up a tradition of fundamental values of 
honesty, truthfulness and loyalty, which like the 
readiness to assume responsibility may require to be 
nurtured and strengthened m different countries m 
different ways While a necessary mimmum of 
academic knowledge may be demanded of scientific 
or technical staff, ıt would be wrong to expect the 
same response from the graduates of such countries 
as from their European counterparts Some allowance 
must be made for the local environment 

Nor is ıt simply a matter of adapting an organiza- 
tion to its environment Changes m management 
technique may be required, and care should be taken 
that expatriate staff who are selectmg, tramıng and 
working with ‘national’ colleagues develop their own 
powers of understanding at least to the extent of 
bemg able to comprehend the mental processes of such 
colleagues, to assess justly their character and ability, 
and to assist them 1n their difficulties of adjustment to 
their job and to their European colleagues Moreover, 
as Planneng points out, the emergence of common 
problems of development and the disparities m 
supphes of tramed men between countries, and the 
need for the parent company to keep in close touch 
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with the problems of local companies, encourage the 
development of a managerial staff with wide experi- 
ence outside them own countries, and this widenmg 
of opportunities for men of all races to reach positions 
of responsibility will probably place a practical mit 
upon the employment of nationals as such m any 
one local company 

Summarizing the stages through which the staffing 
policies of parent firms have passed, the broadsheet 
notes that up to the Second World War, overseas 
firms were staffed largely by expatriates, who 
generally made careers abroad, and there was a 
general prejudice against business careers on the 
part of Western-educated nationals, even if educa- 
tional facilities had been adequate for them to enter 
the executive ranks This was succeeded by a phase 
in which national talent was created where necessary; 
either by internal tramung or by the formation or 
support of educational opportunities outside the 
firm Now a third phase is emerging The arrival of 
the locally recruited executive has comeided. with— 
and 18 partly responsible for—the rapid disappearance 
of the expatriate career, as distinct from the job, 
abroad Now, at least among the international 
concerns, staffing policy 18 developing along the lines 
of equipping management with mternational, rather 
than national, experience 

The aim of this policy 1s to obtain a greater cross- 
fertilization of 1deas through an extensive system of 
overseas postings durmg the development of the 
career of an executive The concept of an expatriate 
career 1s bomg elimmated by offermg jobs abroad as 
an mtegral part of management trammg and pro- 
motion ‘This new type of policy should not only 
improve the quality of management but also con- 
tmbute to greater adaptability It clearly has 
implications m respect of education for management 
in Britam, and although 1t should ensure that on 
the Western side the weakness of rigidity 18 avoided, 
16 should also be remembered that mgidity 1s equally 
dangerous where nationalism 18 encouraged 

Tt ıs here that the broadsheet, referring to Turkey 
and Iraq as examples, challenges the assumption 
that technical aid, apphed in Western manner 
through institutions of Western style, can alone 
provide all that is needed, and quotes in support 
Mr M Ionides's recent address, “Technical Aid the 
Role of the West”, to the Royal Instrtute of Inter- 
national Affarrs Western institutions, Mr Ionides 
argued, adapted to societies where the muitiative 
comes from below, cannot fully satisfy the needs of 
a society where the flow of initiative 1s from the top 
downwaids In particular, Western institutions are 
not organized to tap the immense capital resources 
in such countries already existing in the form of 
unused man-power, they can only touch the fringes 
where a cash-economy exists 

More and more capital and technical assistance 
are being supplied to tho centres of sophisticated 
Western-style economy m the under-developed 
countries, sharpening the contrast with the sur- 
rounding rural economy, and whettmg appetites 
for higher standards of hfe Capital mvestment from 
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outside, fiom the top downwards, cannot fill this 
gap and the balance of influence of the West has so 
far diverted the attention of these countries from 
their need to help to work out them own ways of 
fillmg this gap by mobihzing the reserves of labour 
Western-inspired ideas of industrialization naturally 
put the emphasis where the system works best, this 
attracts enterprise and initiative away from the 
much-needed widespread small-scale development 
Nor does the large-scale project which the West can 
provide and which most governments m these under- 
developed territories request, because they want to 
develop ın the Western manner, teach the simpler 
methods and piovide the training in them that are 
needed or supply where ıb 18 needed the organizing 
ability essential for a start Jt does not even provide 
the experience or outlook required to initiate or 
operate schemes which are not primarily aimed at 
securing profits 

This 1s a formidable argument, and ıt emphasizes 
-the close connexion between economic and political 
factors m the under-developed countries If ıb 18 
correct, the assistance programmes sponsored by 
governments and international agencies may require 
extensive modification Deficiencies there cannot be 
made up by goodwill or flexibility on the part of the 
branches of Western industry and commerce already 
established m those countries Be that as it may, 
the prospects for the export of the small nuclear 
reactor should be the brighter m such a context, 
but the opportunities for Britam here and elsewhere 
will also depend on the attention given to trammg 
for management, and the quality and width of out- 
look and wisdom of the tramed man-power which 
she is able to send overseas—as admuiustrators, 
technologists or scientists—and whether m govern- 
ment or other public service or in ordinary industrial 
or commercial life 


CLASSICS OF NUTRITION 


A History of Nutrition 

The Sequence of Ideas m Nutrition Investigations 
By Prof Elmer Verner McCollum Edited by 
H Bentley Glass Pp x+451 (Boston, Mass 
Houghton Mifflin Company, 1957) 6 dollars 


The Englishman’s Food 

A History of Five Centuries of Enghsh Diet By the 
late Prof Sir Jack Drummond and Anne Wilbraham 
Revised, and with a new chapter by Dorothy Hollings- 
worth Pp 482+8 plates (London Jonathan 
Cape, Ltd , 1958) 36s net 


ERE are two volumes of outstanding interest 
and importance It ıs not an exaggeration to 
say that each of them 1s indispensable to all serious 
research workers, and other students of nutrition 
E V McCollum, now professor emeritus of bio- 
chemistry of the Johns Hopkins University, 1s the 
doyen of nutrition authorities, pre-emment as a 
pioneer mvestigator himself, and at the same time 
the leading historian in this field The respect and 
regard in which McCollum ıs held throughout the 
world are indicated by the fact that he was among the 
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first to be accorded the honour of election as an 
honorary president of the International Union of 
Nutritional Sciences, and that he is also to be the 
honorary president of the Fifth International Congress 
of Nutrition to be held ın Washington, D C , m 1960 

In the Judgment of the present writer, an essential 
part of the greatness of such men as McCollum and 
Drummond ıs that they have the abihty to regard 
science as a matter of historical development and 
growth, rather than as a mere catalogue of facts or a 
repository for items of knowledge It 1s a pity that 
this historical outlook 1s not more widely encouraged 
to-day ın our colleges and universities All too 
common is the student, superficially self-satisfied, 
who supposes that when the lecturer turns to discuss 
the historical evolution of his science, rather than to 
present him with ready-made summaries of current 
information, then 1s the tıme when he can relax or 
quietly fall asleep Yet the fact is that no student 
ean hope to acquire a proper understanding of the 
existing teaching in his chosen sphere except by 
learnmg how the current views have come to be 
accepted and what 18 the actual foundation for them 
Indeed, to the young student aspirmg to become a 
research worker, one might go further, and say that 
unless he 1s genuinely interested in studyimg the bases 
of knowledge—that ıs to say, following the reasons 
why certain beliefs, theories or scientific explanations 
are held, the stages through which accepted notions 
have gradually travelled, in other words, them his- 
torical background—he is not hkely to have the 
mental approach that makes a successful mvestigator 
We may extend the argument to the teacher himself 
He 1s a less good teacher, and a less efficient teacher, 
who is content to leave his student with no more 
than the statement that such-and-such is now the 
established view, and that ıs all there 1s to ıt He 1s 
the better teacher, and the more stimulating teacher, 
who gives his pupils an explanation of the following 
kind formerly certam ideas were considered well 
founded, but later they had to be modified m some 
respects because of newer knowledge and fuller 
understanding, and that is the reason why the 
presently accepted belief 1s so-and-so, but that 
nevertheless various rival opinions are often justified 
on any topic, and that there are always bound to 
remain gaps m our knowledge and room for further 
developments and the possibility of wider inter- 
pretations 

No doubt ıt is this mental approach which has 
served to make Prof MeCollum not only a leader in 
nutritional thought but also a famous experimen- 
talist, and the mstigator of so much fine work by his 
‘school’ of colleagues and pupils One of his own 
most celebrated contributions dates back to 1913-15, 
when he gave the first demonstration of the probable 
multiplicity of “rat-growth factors”, and by the 
designations ‘“Fat-Soluble A" and “Water-Soluble 
B" set the stage for the system of classifymg tho 
vitamins now famuihar to all No less influential in 
provoking thought and moulding opmion was his 
celebrated book, “The Newer Knowledge of Nutri- 
tion", the first edition of which appeared m 1918, 
and which may be regarded as the earliest of the 
modern treatises on nutrition In a sense, “A 
History of Nutrition” can be considered as an up-to- 
date revision of “The Newer Knowledge of Nutrition” 
In this new work, the reader wil find an impressive 
survey of the whole field, and one that 1s at the same 
time scholarly, well balanced, illummated by a 
sound, critical judgment and a wise diseximmation 
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The treatment is sufficiently comprehensive, in the 
course of its 450 pages, to cover the ground adequately 
and without anywhere becoming laborious, wearying 
or unwieldy Much of the text 1s the result of careful 
and loving original brbhographical research by the 
author himself It is certam that any future writers 
on nutritional history will have to turn to MeCollum's 
new book as ther starting pomt 

As to the new edition of "The Englishman’s Food", 
one need say no more than that on rts first publication 
in. 1939 ıt immediately became the standard work on 
the dietary conditions of, and the food habits of, 
ourselves and of our ancestors during the past five 
centuries — Nothmg covermg the same ground had 
been available previously, or has been published 
since, and this second edition was sadly overdue 
Miss Dorothy Hollmgsworth has done her work 
conscientiously and well in revising the book and 
bringing ıt up to date, and has added a useful new 
chapter on “The Application of the Newer Knowledge 
of Nutrrtion” Unhappily, because of the increasing 
costs of prmtmg, the publishers found it necessary 
to reduce the overall size of the book, with the result 
that some of the earlier chapters have had to be 
shortened, chiefly by the omussion of quotations fiom 
historical texts, some of them of fascinating mterest 
Many of us will regret this, but such is the sad lot 
of authors to-day Lesum J Harris 


FLOW OF COMPRESSIBLE FLUIDS 


Mathematical Theory of Compressible Fluid Flow 
By Richard von Mises Completed by Hilda Geringer 
and G S S Ludford  (Apphed Mathematics and 
Mechanics a Series of Monographs prepared under 
the auspices of the Applied Physics Laboratory, 
Johns Hopkins University ) Pp xm+514 (New 
Yolk Academic Press, Ine , London Academic 
Books, Ltd, 1958) 15 dollais 


i ps book was originally planned by von Mises, 
but owing to his untimely death he was unable 
to complete his task With the aid of some notes ho 
left, Hida Germger (Mrs R von Mises) and G S S 
Ludford were, however, able to complete the work 
The first three chapters were written by von Mises 
himself and the remaining two are due to the above- 
named authors, to whom everyone should be grateful 
for preserving so much of the last important work 
of von Mises 

The material contained in the book ıs intended for 
the research worker and the graduate student, but 
16 should be of value to anyone makmg a serious 
study of aerodynamics The basic theory 18 developed 
in a clear and simple way that 1s easy to understand 
Great pains are taken to explain fully fundamental 
concepts and the significance of the various assump- 
tions made in the development of the mathematical 
methods foi the solution of certam aerodynamic 
problems The concept of a specifymg equation 1s 
introduced which, with the usual four equations of 
Euler connecting the velocity components of the 
flow, the pressure p and the density p, enables these 
five unknowns to be determmed The most common 
forms of the specifying equation are e — const for 
incompressible flow, and F(p, o) = 0 for compress- 
1ble flow, where p and p are at all times connected 
by a one-to-one relation 

In scope the book 1s somewhat limited Only one 
and two-dimensional flows are fully discussed, and 
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n the mam only problems of mviscid flow for which 
exact solutions have been found are considered No 
attempts are made to assess the practical value of 
these theoretical results by comparison with experi- 
ment 

Chapter 1 gives the basic equations for different 
types of flow under various conditions and Chapter 2 
1s concerned with general theorems of use in the 
study of rotational flows, the hodograph method and 
the theory of characteristics Chapter 3 1s devoted 
to one-dimensional flow and contams sections on the 
effects of viscosity, heat conduction, simple wave 
propagation, shock reflexion and shock collision A 
thorough presentation of the hodograph method, with 
a full discussion of recent advances in the theory, 1s 
meluded ım Chapters 4 and 5 Special attention 1s 
given to the treatment of shock waves and the book 
ends with an article on transonic flow The mam 
text 1s followed by an appendix of some forty pages 
of relevant and most imteresting biographical and 
historical notes W P Jones 


THE METALLURGY OF 
MAGNESIUM 


The Physical Metallurgy of Magnesium and Its Alloys 
By Prof G V Raynor (International Series of 
Monographs on Metal Physics and Physical Metal- 
lurgy, Vol 5) Pp +531 (London and New 
York Pergamon Press, 1959) 75s net 


P. G V RAYNOR’S latest book provides 
the first predominantly theoretical survey of the 
subject of magnesium and ts alloys, and ıt will most 
certainly form a valuable companion volume to those 
books published m recent years concerned mainly 
with the technological aspects of magnesium metal- 
lurgy Both students and those concerned with 
development in industry will welcome this authori- 
tative work, which ıs presented so as to give the 
theory first, followed by a review with examples of 
the alloy systems formed by magnesium 

The first part of the book (Chapters 1-7) deals 
with the fundamental nature of magnesium, pits 
electronic constitution, and the effects of alloymg 
This section contains a masterly ten-page summary 
of the electron theory m general, before presenting 
a critical account of the qualitative and quantatative 
studies that have been made of the electronic consti- 
tution of magnesium Magnesium ıs m a most 
interesting electronic state, and the author discusses, 
m a chapter on the lattice spacmgs of magnesium 
alloys, electronic interpretations of departures from 
Vegard’s law, and lattice spacing changes due to 
temperature changes and to the appheation of tensile 
stress 

After a description of the general alloying behaviour 
of magnesium, m. terms of the Hume-Rothery factors 
of atomic size, and relative- and electro-negative 
valency effects, an extensive account 1s given of the 
occurrence of intermediate phases in magnesium 
alloys In particular, the structures of ‘normal 
valency’ compounds and Laves phases are considered. 
ın some detail, and the chapter 1s concluded by some 
pertment observations as to why precipitation of 
these mtermediate phases seldom leads to a high 
response to age-hardening in magnesium. alloys 

his section of the book 1s concluded by an account 
of the deformational characteristics of single crystals 
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and polycrystalline aggregates After a fairly elemen- 
tary description of edge and screw dislocations, the 
crystallography of slip and twinning m magnesium 
at room and elevated temperatures 1s outlmed 
Rupture, and the development of preferred orienta- 
tions, are also considered, and an account of creep 
characteristics concludes the chapter 

The second part of the book (Chapters 8-17) 
describes and discusses the alloys of magnesium, 
considermg the solute metals from the various groups 
of the Periodic Table ın turn, stress bemg laid on 
those of present or potential importance A selected 
list of references 1s provided at the end of each chapter 
—the literature bemg reviewed up to and including 
1957 Rapid reference to this part of the book would 
be made easier by the more generous provision of 
sub-headmgs, as the alloys m each group are dis- 
eussed 

A review of this nature emphasizes our ignorance 
of the fundamental mechanism of many technological 
processes, and many fields for further research are 
indicated The suggestion of '"'submueroscopie pre- 
cipitates” im, for example, the creep-resistant mag- 
nesium-—cerium alloys will certainly whet the 
appetite of electron mueroscopists There 1s, m fact, 
rather a dearth of photomicrographs in the book 
(there bemg only two sets), doubtless due to the high 
cost of their production The value of the second set 
of micrographs 1s also reduced by the absence of 
any supplementary information—magnification, pre- 
paration, ete 

An account of the systems formed with gaseous 
elements or compounds concludes the review, an 
interesting discussion of the oxidation characteristics 
of the metal bemg mecluded here The final chapter 
summarizes the influence of alloymg on the mechani- 
cal properties of magnesium The book contaims 
more than 200 diagrams—the phase diagrams being 
particularly well produced This robust, well-bound 
volume will surely grace the shelves of students and 


research workers alike for many years to come 
J W MARTIN 


BIOLOGICAL PROPERTIES OF 
PHENOLS OF PLANT ORIGIN 


The Pharmacology of Plant Phenolics 

Proceedings of a Symposium held at Oxford, April 
1958 Edited by J W Farbarn Pp ix4151 
(New York Academic Press, Inc , London 
Acaderac Books, Ltd , 1959) 6 dollars, 30s 


É 18 not often that an attempt 1s made to present 
withm the space of 150 pages a review of the 
biological properties of such a wide variety of chemical 
substances as the plant phenohes It can indeed be 
argued that such a review can be of little value 
because the plant phenohes comprise a muscellaneous 
assortment of substances having nothing m common 
beyond the presence of an aromatic hydroxyl group, 
and some may feel that the chorco of subject-matter 
has been made even more arbitrary by the melusion 
of the chapter on adrenalme, noradrenaline and 
5-hydroxytryptamine, since these substances are not 
of plant origm and owe them characteristic pharma- 
ecological properties to the presence of an ammo-group 
rather than to the presence of a phenobe group 
Even if the fundamental pattern of this book— 
the proceedings of a symposrum held in Oxford last 
year—is regarded as slightly illogical, ıt represents, 
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nevertheless, an important contribution to the field 
of structure—activity relationships 

The book begms with a concise authoritative 
chapter by J H Burn on adrenalme and othor 
nitrogen-contaming phenols mainly of animal origin, 
and is followed by another chapter, by R T Wilhams, 
summarizing what 1s known concerning the fate of 
phenolic compounds ın the body In the third chapter 
W B Whalley discusses the toxicity of plant phenolics 
as a group, providing a useful introduction to the 
next five chapters which describe in more detail the 
action of specific groups of compounds J W Far- 
bairn, who is also the general editor, discusses the 
anthraquinones, and J D Buggers geneistem and 
related compounds which exhibit estrogenic activity 
and, in a separate chapter, hyperiem and similar 
compounds that cause photo-sensitization Three 
chapters are devoted to the flavonoids and their effect 
on capillary blood flow In the first M F Lockett 
considers the evidence in suppoit of the view that 
they act directly on capillary permeability and tensile 
strength, while in the other two F Deeds and J 
Lavollay and J Neumann present the case for indirect 
activity, mediated through adrenaline and ascorbic 
acid The last two chapters of the book deal with 
plant phenolics in food and wine, J Masquelier direct- 
ing attention to the high bactericidal activity of some 
wines and E C Bate-Smith concluding the book 
on the reassurmg note that most of the phenolic 
constituents of foods are fortunately pharmacologic- 
ally mert 

The book ıs well printed and free from errors Tts 
value is greatly enhanced by the lst of references 
given at the end of each chapter and by summaries 
of the discussions that took place at the symposium 
Most pharmacologists, organic chemists, brochemiste 
and pharmacists will find much of interest and value 
in this volume F A Rosson 


ORCHARD SCIENCE 


Tree Fruit Production 
By James S Shoemaker and Benjamin J E Teskey 


Pp vu-+456 (New York John Wiley and Sons, 
Ine , London Chapman and Hall, Ltd , 1959) 
56s net 


DVANCES m plant physiology, m plant breeding, 
in plant protection and m the knowledge of plant 
toxicants, are to-day bemg paralleled by advances m 
erop husbandry and soil management, and m tree 
shaping and growth control The impact of these 
advances on commercial fruit-growmg ıs bemg 
influenced by economic considerations While the 
facets are the major concern of the appropriate 
specialist, who may be quite ignorant of the over-all 
subject of pomology, the teacher of pomology, as the 
term ıs now generally understood, must be keenly 
aware of the progress bemg made m all the branches 
of fundamental science that affect his subject and be 
willmg and able to incorporate the new knowledge m 
turn into his teaching and demonstrations 
With specialist fruit-orop research stations in 
many parts of the world now more or less well staffed 
and equipped, new knowledge, supposedly new 
knowledge or old knowledge recapitulated ıs bemg 
published so plentifully as to embarrass alike both 
teacher and taught From time to time experienced 
teachers give us the benefit of their selection from 
among this wealth of material and, if they are 
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competent teachers and are critical m their selection, 
the result 1s a good book 

Dr Shoemaker is such a teacher, and this book, 
written im collaboration with Dr Teskey, bears 
evidence of a wide-rangmg but careful selection of 
subjects (there are more than 800 references, the 
majority of them within the past 20 years) and a com- 
mendable compression of the essential material, an 
ll-page double-columned mdex makes for easy refer- 
ence ‘Text-books on husbandry are difficult to 
illustrate, and this one is no exception , Ime drawings 
and diagrams, like those on graftmg, are clear and 
good, photographs of plantations and many field 
operations, like pickmg and prunmg, do not reproduce 
well 

The authors have covered apples, pears, cherries 
and plums, all of which interest us in the British 
Isles ^ Peaches, apricots, nectarmes and quinces 
should mterest our Western and Southern European 
neighbours, and citrus fruits are also the concern 
of the countries bordermg the Mediterranean sea 
The authors were not catering for this wide public 
but aimed at produemg an up-to-date guide to 
current orchard and fruit plantation practice for 
use ın Canada and America Nursery practice, 
stte selection and modification, planting con- 
siderations and varieties for paaticular purposes 
are all discussed, together with tree nutrition, pest 
and disease control, soil and plantation management 
and harvesting as well as handhng and storage 
There 1s a special chapter on the cultivation of dwarf 
apples and pears, evidently ın response to demands 
from students for information on thus subject For a 
long time European growers have been particularly 
expert 1n controlling tree size and yield, and American 
growers may face many difficulties m adaptmg 
European methods to their needs 

Though essentially written for students this book 
contains much that will mterest fruit growers and 
their advisors m many parts of the world 

H W Mrrzs 


SCHIZOPHRENIA 


Schizophrenia’ Somatıc Aspects 
Edited by Derek Richter Pp vim-+181 (London 
and New York Pergamon Press, 1957) 40s net 


Chronic Schizophrenia 

By Thomas Freeman, John L Cameron and Andrew 
MeGhe Pp xi4-158 (London Tavistock Publica- 
tions, Ltd, 1958) 21s net 


A New Approach to Schizophrenia 
By Julus I Stemfeld Pp 159 (London MHutchin- 
son Medical Publications, Ltd , 1958) 21s net 


e canta eters 18 & major cause of disability 
im most parts of the world In countries for 
which statistics are available 16 constitutes approxi- 
mately half the chronic population of mental hospitals 

Almost one in every hundred persons 1s fated to 
suffer from the disease, and the majority, particularly 
the men, break down in the second and third decades 
of lıfe The wastage of human lıfe and the amount of 
suffering and social dislocation 16 causes are probably 
greater than that due to any other smgle disease The 
International Congress of Psychiatry held two years 
ago was devoted wholly to this subject Its dehbera- 
tions served largely to brmg home the failure to 


488 


achieve any substantial advance m knowledge of its 
causation since the condition was first described by 
Kraepelin and later further defined by Bleuler 

These three books reflect three of the commoner 
types of theoretical approach adopted m the vast 
literature on the subject the organic or somatic 
approach, the psycho-analytic and the eccentric 

The monograph edited by Derek Richter contains 
a number of essays dealing with the present state of 
knowledge 1n relation to the anthropometric aspects 
and the electroencephalographic, neuropathological 
and endocrinological observations ‘There 1s a study 
of metabohe changes mn recurrent schizophrenia, one 
on the effects of drugs introduced into the cerebral 
ventricles, a paper on the therapeutic effects of drugs 
and on the symptoms mduced by mescaline which 
are at times scarcely distinguishable from those 
observed m schizophrenics One paper attempts to 
reconcile the observations suggesting that a mutant 
gene 18 the primary cause with those that imply that 
environmental causes are of some importance The 
picture of present knowledge that emerges 1s scarcely 
encouraging Schizophrenics differ as a group from 
normal controls in respect of body buld and in 
relation to a whole range of biochemical tests There 
is some evidence that histologically demonstrable 
changes occur in some parts of the bram The 
schizophrenic also responds abnormally to a wide 
range of drugs But all these changes are without 
specificity and the degree of overlap with normal 
control groups ıs so great for all anomahes that they 
are rendered useless for purposes of diagnosis In 
many instances uncertainty remains as to whether 
we deal with manifestations of causal agents, with 
effects of the disease or the results of long periods of 
institutional care Moreover, with the possible 
exception of Gjessmg's celebrated work on disturb- 
ances of nitrogen metabolism in the very small group 
of cases of periodic catatonia, nono of the differences 
found has been so far successfully exploited to 
advance knowledge in ielation to ætıology, prog- 
nosis or classification The one hard fact which 
shines clear and constant through this nebulous 
matrix of data is that the hazard for developing 
schizophrenia in the sib of a schizophrenic 1s some 
ten times that for a member of the general popula- 
tion, for his child sixteen times, for a dizygotic 
twin some thirteen times and for a monozygotic twin 
between seventy and eighty times as great Although 
its significance remains unclear, the recently demon- 
strated difference m the chance of being admitted to 
mental hospital with sehizophrenia m the different 
social classes has been already confirmed in a number 
of countries and promises to be an equally clear and 
consistent observation 

The dismally slow rate of progress along organic 
lmes has led some workers to throw up the sponge 
and to devote their energies to the uncovermg of 
meanmgful associations in the mental life of the 
schizophrenic The theoretical framework for this 
kind of endeavour ıs usually provided by one of the 
schools of psycho-analysis The strmgent controls 
considered essential for scientific mquiry to ensure 
that findings are not mterpreted :m accordance with 
preconcerved theory are often regarded as mappli- 
cable or irrelevant The psychoanalytic exploration 
and treatment of schizophrenia has in recent years 
attracted enthusiastic adherents, it had previously 
been considered therapeutically useless 

The book by Dr Freeman and his colleagues deals 
with observations and treatment mspired by psycho- 
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analytic teaching and carried out m two groups of 
chronic schizophrenic patients They concur in the 
view expressed by Federn that the essential psycho- 
logical disturbance produced by this disorder 1s a 
weakening of the functions of the ego leadmg to a 
breakdown of its boundaries and failure to differen. 
tiate between self and non-self or environment 
Variations in the form of the disease are attributed 
to the degree of ego function The disorders of 
thought, affect and volition and the disturbances of 
perception characteristic of the schizophrenic are all 
considered to stem from the change m the experience 
of the self Although this 1s regarded as the essential 
psychological disturbance, the problem of etiology 1$ 
left open Tho therapeutic programme based on these 
findings 1s directed towards ego-building, which 
includes fostermg closer and more durable relation- 
ships between patients and nurses, efforts to com- 
municate at the patient's own archaic level, and, on 
the assumption that stimulation of the body enhances 
awareness of the self, such things as stroking the face 
and making a ceremonial of bath-time The effects of 
these measures on ward atmosphere and on mdi- 
vidual patients are said to have been gratifying but 
no clear analysis of the results 1s given 

Exploration of the mner Ife of the schizophrenic 1s 
of value as a form of inquiry, and a premature insist- 
ence on quantitative data m a field such as this can 
prove stultifymg to new ideas Some Continental 
psychiatrists who do not subseribe to psycho- 
analytic teaching have testified to the beneficial 
effect exerted by this lind of endeavour when 
initiated m a mental hospital where formerly the 
predominant mfluence was the so-called “objective” 
psychiatry, the adherents of which at times un- 
wittingly treated the patient almost as if he had 
been an manimate object 

However, the scientific merit of theories cannot be 
decided by pragmatic considerations The breakdown 
of ego boundaries here described as the source of all 
psychological disturbances in schizophrenia 1s equally 
applicable as a metaphorical description for the mental 
disturbances ın delirrum, dementia, dreaming and 
depersonalization, which are quite different pheno- 
mena Moreover, a very large number of unifying 
explanations have now been proposed, all claiming 
to be illumunating for the understanding and effi- 
cacious in the treatment of schizophrenia Thus Dr 
Steinfeld's book states that oral frustration m 
infancy ıs the root cause Excessive hunger in early 
life over-strains the vegetative mechanisms, which 
may then reman m a state of high catheris through 
life He has more than & suspicion, for reasons not 
made explicit, that m carcmomatosis similar mechan- 
isms may be at work 

As m other fields of scientific mquiry, msights, and 
“ntuitive leaps’ m psychiatry have to be treated with 
respect—those of others no less than one’s own—which 
is precisely why none deserves serious consideration 
until its relevance and heuristic value have been 
objectively demonstrated so far as possible 

Many observations cited in the first book suggest 
that the slow progress of scientific mquiry m this 
field may be partly due to the heterogeneity of 
schizophrenia Recent genetic, clinical and epidemio- 
logical data show promise for discovery of the natural 
lines of division between the different variants ın the 
syndrome When this has been achieved, progress m 
the defimtion of causal agents m schizophrenia, 
whether psychogenic or physiogenic, 1s likely to be 
accelerated Martin ROTH 
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The World of Learning 1958-59 
Ninth edition Pp xm-+1139 (London 
Publications, Ltd , 1958) 130s net. 


HE nmth edition of the “World of Learnmg", 
which 1s now well established as a valuable guide 

to scientific, cultural and educational institutions 
throughout the world, follows the pattern of its 
predecessors, but 1s considerably enlarged, due to the 
world-wide expansion of scientific and technological 
research, and to the recent foundation of many univer- 
sities and technical colleges m the relatively unde- 
veloped countries 

The first section, devoted to Unesco, describmg 
its aims, plogrammes, organization and finance, is 
followed by a short account of the work and structure 
of the International Council of Scientific Unions and 
other international organizations, together with brief 
statements of their objects and the names of their 
principal officers 

The remainder of the book 1s divided alphabetically 
into the various countries of the world (by their names 
in Enghsh) The arrangement of entries for Great 
Britam—which occupy 86 pages—affords an indica- 
tion of the scope of the work learned societies 
and professional associations, research institutes 3 
libraries, museums and art galleries, universities 
and universiby colleges , centres of adult and technical 
education , schools of art, music and dramatic art ; 
agricultural colleges, and education trusts In 
general, the entry for each institution moludes its 
address, the names of its leading officials, and for 
each university a complete list of professors 1s given 
Where applicable, the titles of any publications issued 
by the body concerned are also listed The entry for 
the USSR, which occupies 38 pages, lists the 
members of the Soviet Academy of Sciences and the 
heads of its various departments and research 
organizations Forty-one Russian universities are 
listed, with their faculties, but the names of their 
professorial staffs are not given , a long list of the 
very numerous institutions of higher education and 
research of the Soviet Union are, however, included 
The largest single entry, comprising 190 pages, relates 
to the United States of America 

There 1s an alphabetical mdex of institutions, but 
none of persons, mentioned in the book 
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Handbook of the Rubi of Great Britain and Ireland 
By the late W C R Watson Pp 4274 (50 
figures) (Cambridge At the University Press, 
1958) 63s net 


ROFESSIONAL systematists tend to be superior 

about brambles and batologists, partly because, 
in Britain at least, batology has been primarily 
an amateur study, but perhaps more particularly 
because the Rube refuse to comply with orthodox 
ideas, and, like slum children in a respectable neigh- 
bourhood, are a perpetual affront to the dignity of 
those who value orderlmess and correct behaviour 
It was perhaps vain to hope that Mr Watson’s long- 
awaited monograph would finally set the seal of 
respectability upon this sprawlmg and troublesome 
group, but the opmions of one who studied the 
brambles assiduously for more than forty years must 
be given careful consideration Every Ime of this 
admirably produced monograph bespeaks seriousness 
of purpose, integrity and mdustry, and the wealth 
of Watson’s knowledge is testified time and time 
agam throughout the book, though perhaps most 
strikingly m the introduetory pages What a pity 
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the author did not live to publish a separate and more 
elaborate essay on brambles and bramble classifica- 
tion, for ıt must be confessed that his generalizations 
and obter dicta, though perhaps controvertible, are 
vastly more intriguing than his detailed and somewhat 
desiccatmg descriptions of the three hundred and 
ninety-one species said to occur m Brita Admit- 
tedly everything possible has been done, in keys, 
descriptions and illustrations, to convey the author’s 
mature conclusions to the reader, but language and 
art have their limitations, and the fond hope that 
the book will “furnish the means of identifymg every 
native species met with” 1s perhaps a shade too 
optimistic The unenlightened sees only one black- 
berry, the observant possibly half a dozen, but 
only the specialist, with twenty or more years 
experience behind him, can hope to recognize the 
majority of the species meluded in this book , and 
then—who knows—the specialist may wish to add a 
further hundred species of hus own to the British 
list, for one suspects that Rubus species, like parallel 
lines, can be extended to infimty R D MEIE 


Annual Review of Entomology 

Vol 4 Edited by Edward A Stemhaus m association 
with Ray F Smith Pp vm-+467 (Palo Alto, 
Cahf . Annual Reviews, Inc, 1959 Published in 
co-operation with the Entomological Society of 
America) 7 dollars 


A REVIEWER always likes to imagine editors 
and authors fevenshly scanning his Olympian 
judgements and then departing to brood on the error 
of thear ways While experience must mevitably 
destroy this pleasant picture, 15 1s gratifying to notice 
the present comeidence Volume 4 of the “Annual 
Review of Entomology” fulfils almost entirely the 
critical requirements suggested in reviews of the 
previous volumes ın these columns Thus we have a 
volume broadly based not only in subject-matter but 
also m the geographical distribution of rts contribu- 
tors, a8 review which includes several papers on 
subjects at the ‘growmg-points’ of entomology—uinsect 
physiology, ecology and control—and finds space for 
one or two on the borderlme of other sciences, such 
as the role of msects as disease vectors In fact, it 
would be a dull entomologist mdeed who could not 
find something of interest or profit m the present 
volume 

If this standard is mamtamed then critical interest 
can be transferred to a higher level , although in 
the present volume the general concept is good, a 
few o? the individual treatments fall short of this 
standard and degenerate into the ‘card-mdex’ type 
of review Review articles of the highest quality 
must not only present a selection—for m these days 
that ıs all ıt can be—of the hterature but must also 
strive to produce some stimulatmg and 1f possible 
enhghtening synthesis from ıt 

In matters of detail the present volume is as well 
produced as 16s predecessors and at last each article 
has a bibliography in alphabetical order, the index 
1s good, although several misprmts and incorrect 
page numbers appear here 

But these are small matters compared with the 
Solid value and interest of this volume , the Entomo- 
logical Society of America, which this year terminates 
1ts financial obligations to the “Review”, must be 
congratulated on brmgmg into bemg a work which, 
on present standards, will be of great value to every 
entomologist P T HaskErL 
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RADIOCARBON DATING OF PREHISTORIC WOODEN 
TRACKWAYS 


By Dr H GODWIN, FRS, and Da E H WILLIS 


University Sub-department of Quaternary Research, Botany School, Cambridge 


HE purpose of buildmg corduroy tracks 18 to 
avoid detours, and prehistoric examples of these 

wooden structures have been preserved by con- 
tinuous water-logging It is not surprising, therefore, 
that mereased wetness of climate should have caused 
many former routes to be flooded, and have duced 
first the constauction and then the preservation of 
wooden trackways Thus there 1s an expectation 
that, were ıt possible to determme the age of a 
number of trackways, ther ages would be grouped 
at distinct periods of climatic deterioration. 

Corduroy tracks, however, have not been studied 
typologieally, and apart from axe-marks on the 
timber and the chance of associated a chxological 
finds, they have been very difficult to date, until the 
advent of pollen-analysis, and, more recently, of 
radiocarbon dating 

Both techniques have been applied to the problem 
of dating several of the wooden trackways revealed 
1n recent years by peat-cutting m. the derelict raised 
bogs of the Somerset Levels Some of these have 
been described already, and descrrptions of others 
are bemg prepared for publication (Phil Trans Roy 
Soc Edinburgh) They run between the Mendip and 
the Polden Hills and the low islands that project 
through the mtervening flat lowlands of the Glaston- 
bury Levels 

Tho six Somerset trackways so far dated, and also 
certain associated wooden platforms, all occur at a 
comparable stratigiaphic horizon in the bogs This 
is at the suifaco of a very dark, highly humufied 
Sphagnum—Calluna—Ervophorum peat, and its junc- 
tion with a Cladvum-Hypnum peat The lower peat 
is indieative of the growth of heather-clad bogs 
receiving water only as rain or snow, ID à condition 
of arrest or slow growth their gentle convex surfaces 
could easily have been traversed on foot and offered 
little obstacle to passage across the levels The over- 
lymg OCladwum-Hypnum peat by contiast points 
unmustakably to flooding by calcareous water from 
the big catchment area of the Mendips and Polden 
Hills Such flooding imposed very circuitous routes 
between one hull ridge and anothe: and the evidence 
suggests that the wooden trackways were built in 
consequence of the floodmg and that ther preserva- 
tion was ensured by its continuance 

Several of the trackways were also shown to be 
close to the same pollen-analytic zone-boundary, and 
upon this evidence ıt was suggested that the tracks 
were probably built about the transition between. the 
Bronze Age and the Iron Age This supposition was 
strengthened by the occasional discovery upon the 
timber of the markings of the small thick axes of 
Late Bronze Age type, and by the 1ecovery of two 
bronze spearheads at comparable stratigraphic levels, 
one of the Late Bronze Age and the other of late 
Middle Bronze Age 

Radiocarbon dates have now been obtained fo: the 
wood of the trackways and also of the peat m which 
they are embedded The assays were made with 


carbon dioxide at 2 atmospheres pressure in a copper 
proportional counter of about 2-ltres volume? 


Table 1 DATING OF WOOD FROM TRACKWAYS* 





boni s B To 
Q52 Meare Heath track (Bulleid’s) 2850 + 110 
Q39  Shapwick Heath track (Foster's) 2470 + 110 
Q308 Westhay track (Sandford's) 2800 + 110 
Q 306 Blakeway Farm track 2600 +: 110 
Q7 Vipers track (Dewar's A) 2520 4-110 
Q 312 Vipers track (Dewar's A) 2630 + 110 
Q 313 Nıdons track (Dewar's B) 2585 + 120 

2410 + 100 
Q311 Vipers platform 2640 + 110 


* For fuller information on the provenance of the samples see ref 3 


It will be seen that these all he between 450 and 
900 Bc, which 1s certamly Late Bronze Age m this 
part of Britam The datings are supported by those 
of the associated peat 


Table 2 DATING OF PEAT ASSOCIATED WITH TRACKWAYS 


Years B P 
Q53 Meare Heath track—subjacent peat 3230 + 110 
Q44 Shapwıck Heath track—subjacent peat 3310 + 110 
Q 309 Blakeway Farm track—subjacent peat 2790 + 110 
Q316 Nidons tiack—peat at track level 2590 + 120 
Q 318 Nidons track—subjacent peat 2642 + 120 
Q319 Nidons track—subjacent peat 2482 + 120 
Q 317 Nidons track—superjacent peat 2628 + 120 


Whereas the results from Nidons track suggest 
close contemporaneity between tho track itself and 
adjacent peat, at the other sites the greater age of 
the underlymg peat supports the field evidence that 
some erosion or wastage of the peat surface had 
occurred. before the trackways were constructed 

As long ago as 1906 a monoxylous boat had been 
recovered from the bog deposits near Shapwick 
Station, but unde: conditions that did not allow any 
datmg or reference to a stratigraphic horizon It 
was apparent that ıt could not have been embedded 
while the bogs wore covered by heather and cotton- 
gass and rt seemed likely that ıt related to a sub- 
stantial foodmg period Tho curator of Taunton 
Castle Museum, where the boat 1s now preserved, 
kindly provided enough wood for the followmg 
i&diocarbon assay 


Q 357 Shapwick boat 2305+120 years B P 


It will be seen that this assay places the boat 
within the Early Iron Age, so that 1b 1s younger than 
the wooden trackways and indeed corresponds in 
age with the Cladvum-Hypnum, peat of the major 
flooding episode of this time 

There is a good deal of evidence in various parts 
of north-western Europe that about 600 Bc there 
was ın progress a change of cüumate towards increased 
rainfall and lower temperatures It has been made 
the boundary between the Sub-boreal and Sub- 
atlantic climatic periods, i6 1s an important pollen- 
zone boundary and is often marked by 'recurience- 
surfaces’ im peat bogs In view of the likelihood that 
this climatic change was also widespread in Britain 
16 1s interesting to append the radiocarbon dates 
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om three further wooden trackways that we 
. determined. ` 


cable 3. TRACKWAYS OUTSIDE SOMERSET 





: - Years B.P. 

B10: Fordy-—Little Thetford, Cambs. 2560 + 110 

(Q T7 Brigg, Lines? 2552 + 120 
2Q 08 Kates Pad, Pilling, Lanes. 2760 + 120 


5o was already known from associated prehistoric 
i finds that the Brigg trackway clearly belonged to the 

Late Bronze Age to Early Iron Age transition. 

Pollen-analytie evidence and a single sherd from 

‘the Fordy trackway had already suggested a similar 

age for that structure. It is now strikingly evident 

that indeed all the trackways belong to the one 
^. arebwological period. 












^N duly 17, at Olduvai Gorge in Tanganyika 
O Territory, at Site FEK, my wife found a fossil 
hominid skull, at a depth of approximately 22 ft. 
"below the upper limit of Bed I. The skull was in the 
` process of being eroded out on the slopes, and it was 
only because this erosion had already exposed part 
= of the specimen that the discovery. was possible. 
_ Excavations were begun on the site the following day 
and continued until August 6. As a result, an almost 
“complete skull of a hominid was discovered. This skull 
was found to be associated with a well-defined living 
= floor of the Oldowan, pre-Chelles-Acheul, culture. 
^U UUpon the living floor, in addition to Oldowan tools 
and waste flakes, there were the fossilized broken and 
splintered bones of the animals that formed part 
of the diet of the makers of this most primitive 
vsbone-age culture. It has not yet been possible to 
| study the fauna found on this living floor; but it 
in be said that it includes birds, amphibians, reptiles 
ch as snakes and lizards, many rodents and also 
sature examples of two genera of extinct pigs, as 
- well as antelope bones, jaws and teeth. 
cU It is of special importance to note that whereas 
-tho bones of the larger animals have all been broken 
and scattered, the hominid skull was found as a single 
“unit within the space of approximately one square foot 
. by about six inches deep. Even fragile bones like the 
| nasals are preserved. The expansion and contraction 
of the bentonitic clay, upon which the skull rested and 
in which it was partly embedded, had resulted, over 
e years, in its breaking up into small fragments 
h have had to be pieced together. The bones, 
wever, are not in any way warped or distorted. 
rge number of fragments still remain to be 
| pieced together. 2 . 
This very great difference between the condition of 
the hominid skull and that of the animal bones on 
“the same living floor (all of which had been deliberately 
broken up) seems to indicate clearly that this skull 
. represents one of the hominids who occupied the 
"living site; who made and used the tools and who 
ate thé animals. There is no reason whatever, in 
UU this ease, to believe that the skull represents the victim 
5 of a cannibalistic feast by some hypothetical more 
v advanced type of man. Had we found only fragments 
of skull, or fragments of jaw, we should not have 
ken such a positive view of this. 
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Of course, prehistoric trackways were built at 
other periods than this, and the Groningen laboratory 
has dated an Trish example as follows : 

GRO 272. Corlona, Co. Leitrim 3395 + 170 years BLP. 

None the less, the consistency of the English 
results is striking and strongly underlines the im- 
portanee of carefully recording and dating those 
unregarded prehistoric monumenta, 


‘Clapham, A. R., and Godwin, H., Phil, Trans. Roy. Soc, B; 2888, 
233 (1048), 

* Godwin, H., Walker, D., and Willis, E. H., Proc, Roy. Soe., B, 147, 
352 (1957). 

? Godwin, H., and Willis, E. H., Amer. J. Sci., Radiocarbon Supp, 1, 
63 (1959), 


‘Mitchell, G. F., J. Roy. Soc. Antiq. Ireland, 88, 49 (1958), 
‘Smith, A, G., Proc, Prehist. Soc., 24, 78 (1958). 


A NEW FOSSIL SKULL FROM OLDUVAI 
By Dr. L. S. B. LEAKEY 


Coryndon Museum, Nairobi 


It therefore seems that we have, in this skull, an 
actual representative of the type of ‘man’ who 
made the Oldowan pre-Chelles-Acheul culture. 

This skull has a great many resemblances to the 
known members of the sub-family of Australo- 
pithecinae. Some scientists recognize only one genus, 
namely, Australopithecus, and treat Broom’s 
Paranthropus as a synonym; others consider that 
the demonstrable differences are of such a nature 
that both genera are valid. Personally, having 
recently re-examined all the material of the two 
genera, in Johannesburg and Pretoria, I accept both 
as valid. 

The Olduvai skull is patently a member of the 
sub-family Australopithecinae, and in certain respects 
it recalls the genus Paranthropus. In particular, this 
is the case in respect of the presence of the sagittal 
crest, the great reduction in the size of the canines 
and the incisors, the relatively straight line of these 
teeth at the front of the palate, the position of the 
nasal spines and the flatness of the forehead. In 
certain other characters, the new skull resembles 
more closely the genus Australopithecus, for example 
in respect of the high cranial vault, the deeper palate 
and the reduction of the upper third molars to a size 
smaller than the second, all of which are features to 
be found in Australopithecus but not in Paranthropus. 

The very close examination and direct comparisons 
which I have personally made in South Africa have 
convinced me that, on the basis of our present state 
of knowledge, the new skull from Olduvai, while 
clearly a member of the Australopithecinae, differs 
from both Australopithecus and Paranthropus much 
more than these two genera differ from each other. 

I am not in favour of creating too many new 
generic names among the Hominidae ; but I believe 
that it is desirable to place the new find in a separate 
and distinet genus. I therefore propose to name the 
new skull Zinjanthropus boisei. This generic name 
derives from the word ‘Zinj’, which is the ancient 
name for East Africa as a whole, while the specific 
name is in honour of Mr. Charles Boise, whose con- 
stant encouragement and financial help ever since 
1948 have made this and other important discoveries 
possible. I would also like to acknowledge the 
generous help received, from time to time, from the 
Wenner-Gren Foundation and the Wilkie Trust. 
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The following is the preliminary 
diagnosis of the new genus and the 
new species : 

Zinjanthropus gen. nov. : 

Genotype: a young male with 
third molars not yet in wear and 
sutures relatively open, from FLK 
I, Olduvai. 

A new genus of the Hominidae, 
sub-family Australopithecinae, 
which exhibits the following major 
differences from the genera Australa- 
pithecus and Paranthropus : 

(a) in males à nuchal crest is 
developed as a continuous ridge 
across the occipital bone ; 

(b) the inion, despite the great 
evidence of museularity, is set lower 
(when the skull is in the Frankfurt 
plane) than in the other two genera ; 

(c) the posterior wall of the 
occipital bone rises more steeply to 
form, with the parietals, à very 
high-vaulted posterior region of the 
skull ; 

(d) the foramen magnum is less 
elongate and has à more horizontal 
position than in Australopithecus (in 
the crushed skulls of Paranthropus 


it is not possible to be quite sure of 


the plane of the foramen magnum) ; 

(e) the presence of a very massive 
horizontal ridge or torus above the 
mastoids. This is much more 


marked than the normal type of 


supra-mastoid crest ; 

(f) the mastoids are more similar 
to those seen in present-day man, 
both in size and shape ; 

(g) the presence of a strong wide 
shelf above the external auditory 
meatus, posterior to the jugal 
element of the temporal bone ; 

(h) the shape and form of the 
tympanie plate, whether seen in 
norma lateralis or in norma basalis. 
In this character the new skull has 
similarities with the Far Eastern 
genus Pithecanthropus ; 

(i) the very great pneumatosis of 
the whole of the mastoid region 
of the temporal bones, which even 
invades the squamosal elements ; 

(j) the massiveness of the jugal 
element of the temporal bone rela- 
tive to the total size of the temporal 
bone ; 

(k) the way in which the parietals 
rise almost vertically behind the 
squamous elements of the temporal 
before bending over to become a 
dome ; 

(l) the relative thinness of the 
parietals in comparison with the 
occipitals and the temporals ; 

(m) the very prominent and 
keeled anterior margin of the 
crests on the frontal bone for the 
anterior segment of the temporal 
muscles in the region of the post- 
orbital constriction (even the most 
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Des Bartlett-Armand Denis Production 


Fig. 1. Above: The new skull compared with the skull of an 
1. . ‘ d Australian aboriginal, Note 
too veryiong vaco, the architecture of the malar region, the unusual nasal bones, the d 
n d astoid, the sagittal and nuchal crests, Middle: The new skull compared with 
Sue s e NM complete adult of Australopithecus. Note the difference in the size and 
E M sa , the shape of the tympanic plate, the low position of the inion, the huge 
astoid, as well as the diiference in the shape of the malar region and the supra-orbital 

area, Below; The new skull seen next to that of a gorilla 
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muscular male 
comparable) ; 

(n) the very unusual position of the nasion, which 
is on the most anterior part of the skull, instead of 
being behind and below the glabella region ; 

(p) the very great absolute and also relative 
width of the inter-orbital area, with which may 
be associated the shape of the nasal bones, which 
are much wider at the top than at their inferior 
margin ; 

(q) the whole shape and position of the external 
orbital angle elements of the frontal bone ; 

(r) the very deep palate which is even more 
markedly like that of Homo than in Australopithecus, 
and is quite unlike the form seen in Paranthropus, 
except in respect of the more or less straight canine- 
incisor line which has already been commented on, as 
a character recalling Paranthropus ; 

(s) the conformation of the malar-maxillary area 
of the cheek. In all known members of the genera 
Australopithecus and Paranthropus there is a buttress 
of bone which runs down from the malar towards the 
alveolar margin of the maxilla in about the region of 
the fourth premolar ; in Zinjanthropus this buttress 
is wholly absent and the form of architecture of this 
region is that which is found in Homo ; 

(t) the very great area of muscle attachment on the 
inferior margin of the malars ; 

(u) the relatively greater reduction of the canines 
in comparison with the molar-premolar series than is 
seen even in Paranthropus; where it is a marked 
character. 

Zinjanthropus boisei sp. nov. 

A species of Zinjanthropus in which the males are 
far more massive than the most massive male Par- 
anthropus. The face is also excessively long. Males 
have a sagittal crest, at least posteriorly. Upper 
third molars smaller than the second. 

The above is only a preliminary diagnosis of the 
genus Zinjanthropus species boisei. It is recognized 
that, if and when further material is found, the 


Paranthropus exhibits nothing 
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Fig. 2. The palate of the new skull compared with that of an East African native 
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diagnosis will need both enlarging 
and possibly modifying. 

The whole question of generic 
value is one which is relative. 
There are some who maintain that 
Australopithecus and Paranthropus 
are not generically distinct, and who 
will wish to treat Zinjanthropus as a 
third, but less specialized, species 
of a single genus; but the differ- 
ences seem to be too great for this. 

I must now turn to the absolute 
and relative geological age of the 
new skull. As stated earlier, 
Zinjanthropus comes from Olduvai 
Gorge, about 22 ft. below the upper 
limit of Bed I. It was found in 
association with tools of the Oldo- 
wan culture, on a living floor and 
with associated fauna. 

In the past it has been customary 
to regard Olduvai Bed I as a part of 
the Middle Pleistocene, not differen- 
tiating it from Bed II. During the 
last few years, however, detailed 
excavations at sites BK IT, SHK II 
and HW II have shown that there 
is a constant and well-marked break 
between the top of Bed I and 
the base of Bed II. Tt is inciden- 
tally on this clearly defined land surface that Chellean 
Stage I living sites are found. 

There has also been found a great deal of new 
faunal evidence, and it is now clear that the fauna of 
Olduvai Bed I is the same as that of Omo, and that 
both are generally of the same age as that of Taungs. 
In other words, it is now necessary to regard Olduvai 
Bed I as representing the upper half of the Villafranch- 
ian and not the lower part of the Middle Pleistocene. 
So far as relative dating is concerned, it now seems 
clear that in the Far East the Djetis beds belong to 
the Middle, rather than to the Lower, Pleistocene, so 
that the new Olduvai skull would be older than the 
oldest Pithecanthropus. 

In South Africa, the deposits at Taungs and- 
Sterkfontein are now regarded as belonging to the 
upper part of the Lower Pleistocene; they must 
therefore be regarded as generally contemporary with 
Olduvai Bed I. The Makapan beds are a little 
younger, in all probability, while Swartkrans is of 
Middle Pleistocene age, as are the upper beds at 
Sterkfontein which are now yielding stone tools. 

With the Taungs child, therefore, and the Australo- 
pithecus fossils from the lower beds at Sterkfontein, 
the new find represents one of the earliest Hominidae, 
with the Olduvai skull as the oldest yet discovered 
maker of stone tools. 


The following approximate measurements will indicate the size of 
the new specimen, 


Length from inion to glabella 





about 174 mm. 


Greatest breadth at supra-mastoid torus » 138mm. 
Greatest breadth of brain ease on squamosal element 

of the temporal bones » 118mm 
Height (in Frankfurt plane) from basion to a point 

vertically above it in the sagittal plane NS 98 mm 
External orbital angle width 122 mm 
Inter-orbital width 32-5 mm 
Post-orbital width 88 mm 
Palate-length from front of incisors to a line joining 

back of third molars 84 mm 
Palate-width at second molars 82 mm 
Palate-width at third premolars + 62mm, 
Length of molar-premolar series AS 72 mm. 
Teeth measurements : 

M3: 21x16 mm.; M2: 21x17 mm.; M1: 18x1555 mm, > 
PM4: 18x12 mm.; PM3: 17x11:5 mm.; C: 95x9 mm. 5 


C2: 7x7mm.; Cl (both damaged but about 10 x 8 mm. ). 
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ASPIRIN AND ALGESIMETRY 


By Da. C. V. WINDER 
Parke, Davis and Co., Detroit 32, Michigan 


SPIRIN relieves mild natural pain of various 
causes and locations. It is reasonable to expect, 
therefore, that it should raise the minimal noxious 
stimulus required for an experimental nociceptive 
response in animals or for experimental pain per- 
ception in man. This has been realized in several 
laboratories with satisfactory validity ; but experi- 
ments have failed. Success and failure by respective 
procedures exist side-by-side in the same laboratory 
without explanation. We, like others, have repeatedly 
failed to demonstrate an effect of intraperitoneally 
administered aspirin on the threshold amount of 
mechanical pressure on a rat’s tail required to induce 
squeaking!. We have succeeded, on the other hand, 
in showing an effect by the same route on the threshold 
intensity of radiant heat, applied to the baek of 
guinea pigs, that is required to elicit a twitch of the 
skin rouscles?. The success is often repeated’; and 
the dose of aspirin required is in appropriate relation- 
ghip to doses of morphine or meperidine required in 
the same procedure—all high, relative to human doses. 


Magnitude of Experimental Anti-nociceptive Effect 


The greatest rise in nociceptive threshold caused 
by inereasing intraperitoneal doses of aspirin in the 
guinea pigs is about 30 per cent*?. Similarity of this 
magnitude to that originally reported by Wolff et al^ 
for the rise in radiant thermal threshold for pain 
perception in man is only coincidental. When the 
guinea pigs were given aspirin by stomach tube 
instead of intraperitoneally, even large, toxic doses 
caused no more than 10-15 per cent rise in threshold’, 
When Wolff's group adopted a less biasing experi- 
mental design with placebo control, a change bearing 
no relationship to the change in route of administra- 


tion in guinea pigs, the ceiling of effect in man also 


became 10-15 per cent*. The factors responsible for 
the larger intraperitoneal effect in guinea pigs remain 
unknown. 

A similar small effect of aspirin was observed in 
dogs by Andrews and Workman’, using the same 
stimulus-response system afterwards used in the 
guinea pigs, and later by Richards*. Eagle and 
Carlson? tabulated a very small effect of aspirin on 
the rat’s threshold to mechanical stimulation of the 


tail. Hart?’ and Bonnycastle et al. obtained definite 


effects in rats with respective modifications of the 
D'Amour-Smith!? procedure (tail flick in response to 
Gibson et al. reported significant 


strength of electrical stimulation of the rat's rectal 
mucosa required to induce squeaking. Deneau et al.™, 
working with experimental deep pain of calf muscles 
in man, exhibited a clear-cut 10-15 per cent rise in 
the threshold stimulus associated with aspirin 
administration. Benjamin’ showed that aspirin 
significantly delays the time when pain terminates 
work being done by the human forearm deprived of 
circulation, and presented results suggesting that 
more intensive work with less precise procedures 
would also show aspirin effects of statistical sig- 
nificance. 


Thus, it seems inescapable that a small and subtle 
anti-nociceptive effect of aspirin can be demonstrated 
in the laboratory with brief noxious stimulation not 
obviously associated with inflammation, though the 
conditions required are poorly understood, 


Site of Experimental Antinociceptive Effect 


Cook and Bonnycastle!* could find no effect of 
aspirin on spinal reflexes. They" found that relatively 
large amounts were required in the chronic spinal 
rat, as contrasted with the intact rat, to influence 
the tail-flick response to radiant thermal stimulation, 
It is inferred that at least a portion of the acute. 
experimental anti-nociceptive action of aspirin, 
perhaps varying among successful experimenta, 
oceurs at neural mechanisms above the spinal level. 

In this connexion, it is classical knowledge that 
nociceptive responses are potentially complete at the 
spinal level, especially in lower species, but that in 
the intact animal they are under constant control of 
a balance of active inhibitory and excitatory influ- 
ences from high levels (for example, ref. 17). Unfor- 
tunately, since Irwin ef al.!* pointed out that the tail 
flick and the skin twitch are like other nociceptive 
responses in this respect, many writers have spoken 
of these two responses as “merely spinal reflexes"!* 
even in the intact animal. Winter and Flataker!* 
and Bonnyeastle and Cook*!6 have commented on 
this error. 


Possible Role of Neurological Summation 


During early work on twitch in the skin of the 
guinea pig, we found? that sensitivity of the threshold 
stimulus intensity to morphine varied significantly 
with the area and duration of the radiant heat 
stimulus. We selected as near optimal a large area 
(7130 mm.?) and an intermediate duration (4 sec.), 
determining threshold intensity as the dependent 
parameter, With this in mind, I suggested six years 
ago?" that use of a pattern of stimulus characteristics. 
emphasizing spatial or temporal neurological sum- 
mation might in some way be a factor of success . 
in demonstration of an anti-nociceptive effect by 
aspirin. The area of stimulation employed by Wolff's 
group? ordinarily was about 80-310 mm.*, and pre-. 
sumably that of Andrews and Workman’ was similar. 
Hart! prewarmed the rat's tail subliminally, thus. 
providing a likelihood of temporal summation, 
Bonnyeastle! pointed out the probable importance 
of his less intense and more prolonged stimulus. 
Deneau's!! pressure-cuff affected a large muscle mass. 
Gibson’s!® rectal electrode was relatively large. 
Benjamin's! uncirculated forearm was a consider- 
able masa of tissue. 

This will recall the well-known opinion of Wolff's 
group’, based on work with liminal ‘pricking pain’, 
that pain sensation is neurologically unique in 
lacking the property of spatial summation. Hather, 
these workers’ results would seem to indicate a very 
pronounced central occlusion of a smaller liminal 
field by a larger one?*, reflecting at once the poor 
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local sign of pam and a very efficient central con- 
vergence of excitation Even so, spatial facilitation 
manifests rtself near the men, either for the sub- 
jective sensation”! or for the nociceptive response? 


Insufficiency of Central Anti-nociceptive Action 
Alone 


However real, a central neural action so small and 
subtle as that of aspirm seems inadequate by itself 
to account for the efficiency with which the drug 
ieheves natural pam Goetzl?? came to this con- 
clusion on viewing his own negative experimental 
results with aspirin together with older work Now 
there are more positive kids of evidence 

Durmg the past two decades many compounds of 
muscellaneous structure have been reported ın the 
pharmacological literature to possess experimental 
anti-nociceptive potencies in animals more or less 
superior to that of aspmm but inferior to that of 
codeme Many of these have been tested clinically , 
but none has been generally accepted Two such 
compounds with which we have worked were 
more powerful anti-nociceptives m guinea pigs than 
aspnin, and, by contrast with aspirm, were sig- 
nificantly though not strongly anti-nociceptive in rat 
tail-pmching experiments («-p1peridyl-3,4-dichloro- 
phenylacetic acid, monohydrochloride, and 1-(1- 
prperidyl)-1-cyclohexanecarboxamide, ^ monohydro- 
chloride, synthesized by E M Jones and P J 
Ehrlich (1950-51), evaluated for anti-nociceptrve 
action by J Wax, J Lyon, S Kapriehan, V Burr, 
M Been and C V Winder (1950-54)) Yet, ın 
natural human pain, both were significantly (P = 
0 05) mferior to aspirin, if, indeed, effective at al]? 

The history of salicylamide is mstructrve The 
anti-nociceptive action of this old compound 1s 
sufficiently greater than that of asprrin to be demon- 
strable m many laboratories Yet the drug’s analgetic 
efficacy, long 1n doubt before the recent attention it 
has enjoyed, ıs now again m serious doubt? De- 
iivatives of salicylamide even more potent as anti- 
nociceptives m animals also have failed as yet of 
clinical acceptance, at least one bemg significantly?’ 
and another famly probably?* less effective than 
aspirin m natural pam 

It is therefore now reasonably clear that a degree 
of experimental central anti-nociceptive action some- 
what greater than that of asprin is not, by itself, 
predictive of clmıcal analgesia It ıs conceivable, 
though unsupported, that the quality of central 
action by aspirm differs from that of many other kinds 
of agents 1n such manner that, even though small, xt 
could account for rehef of natural pam 

One consequence of this working attitude 1s that 
many of us need no longer be so concerned with 
boxfuls of experimental compounds having no more 
anti-nociceptive action than, say, salicylamide, 
excepting those for which evidence can be found of 
some adjunctive action that could potentiate a small 
anti-nociceptive effect m the rehef of pam 


Adjunctive Anti-preinflammatory Action 


Returning to aspirin m search of some adjunctive 
property, one sees most prominently the drug’s well- 
established anti-rheumatic effect, a fairly specific 
antianflammatory action in the acute phases of 
rheumatic diseases It could be a suppression of 
some rather early process—a preimflammatory pro- 
cess—m the course of reaction by tissue to injury 
The same process could lead both to stimulation of 


NATURE 


495 


pam endings and, eventually, to frank inflammation 
It could be a process more or less common to early 
tissue injury associated with various kinds of natural 
pam It would probably take longer to develop than 
the duration of most exporimental noxious stimuli 

The hypothesis that a peripheral anti-premflam- 
matory property is essential m the relief of natural 
pain by aspirm gams stature on again considermg 
salicylamide Doubt concerning the analgetic efficacy 
of this agent, m spite of supra-aspirin anti-nociceptive 
potency, parallels doubt concerning its anti-rheumatic 
efficacy” A complementary test of the hypothesis 
18 provided by amunopyrme With a simular order of 
anti-noeiceptive potency, the unquestioned analgetic 
efficacy of this drug parallels its unquestioned 
anti-rheumatic efficacy 

Harris proposed several years ago’? that the pam- 
releving effect of aspirin could be explained entirely 
in terms of a peripheral antianflammatory action 
The present hypothesis differs ın considering, rather, 
an anti-premflammatory action as an adjunct which, 
as may become apparent later on, 1s probably not 
entirely sufficient by itself 


Adjunctive Actions of Other Kinds 


It is hkely that other poperties of asprrm some- 
times contribute to its ability to relieve mild pain 
In pre-equilibrium phases of certain febrile states 
the antipyretic effect may relieve muscle soreness in 
part via reduction of muscle tonus 

The hypothetical necessity of an anti-premflam- 
matory action 1n aspirin or ammopyrine for significant 
rehef of natural pam would, correlatively, require 
that another kind(s) of adjunctive action be identified 
in the acetaniid group Neither acetanihd nor 
acetophenetidin ıs clearly antirheumatic ın ordmary 
clinical doses?s, nor 18 N-acetyl-p-aminophenol known 
to be, yet all are considered able to reheve mild 
pam?^* However, al have the underlymg anti- 
nociceptive action — Ácetanihd and acetophenetidin 
are, perhaps, more potent than aspirm m this respect?? 
N-acetyl-p-aminophenol, the mam metabole inter- 
mediary of both?’ and perhaps substantilly respons- 
ible for their anti-nociceptive action™, 1s & bout equally 
potent?! Moreover, all are antipyretic?*3! and, in 
addition, seem to possess a pattern of sedative and 
relaxing propertues*?5 that could be importantly 
adjunctive to the anti-nociceptive actions 


Insufficiency of Adjunctive Properties Alone 


Analgetic efficacy in the acetamld group thus 
suggests an underlymg importance im a mild analgetic 
agent of anti-nociceptive action, small and subtle 
though ıt may be Mere absence of pyrexic malaise 
and muscle tension, or of anxiety, or presence of 
mild sedation, 1s not per se generally analgotic 

The case of phenylbutazone indicates that anti- 
rheumatic potency alone ıs insufficient for prediction 
of general analgetic efficacy This drug is now well 
known to be the most potent anti-rheumatic agent 
outside the cortisone group, yet there seems to be no 
firm evidence for utility in rehevmg pam except in 
grossly inflammatory diseases Correspondmgly, 
though large intravenous doses were anti-nocicep- 
tive??, we have been unable to detect such action at 
sublethal intraperitoneal doses in gumea pigs, or at 
a fourth the LD,, of the drug mtraperitoneally m 
rats? Fewer rheumatologists are now referimg to 
phenylbutazone’s ‘analgetic’ action, and more to its 
antianflammatory action 
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Lack of known usefulness of cortisone-like agents 
as general-purpose analgetics may not be pertinent 
These glucocorticoids possess a different kind of 
peripheral anti-nflammatory action?*, perhaps not 
impinging so specrfically on particularly early 
reactions to tissue injury that lead directly to stim- 
ulation of pain receptors 

Thus, ıt has been our working hypothesis for the 
past few years that the small, central, anti-nociceptive 
action of aspirm or ammopyrine, though necessary, 
18 not sufficient by itself for mild analgesia, but 1s 
effectively potentiated (?) by a peripheral anti- 
premflammatory action related to non-steroidal 
anti-rheumatic action which, however, 1s also m- 
sufficient alone 

One interestmg implication 1s an explanation of 
the old and growmg clinical popularity of mixtures 
of codeme with aspirin, or of aspirin and aceto- 
phenotidm The anti-nociceptive effects of tho two 
or three agents would be additive The more general 
sedative effects of codeme and acetophenetidin 
would, perhaps, add The combmed anti-nociceptive 
effect would amplify the peripheral anti-premflam- 
matory effect of the asprrm and the sedative effect 
of the codeine and acetophenetidm The end clinical 
action of the combmation of drugs might be some- 
where between addition and multipheation of the 
individual drug effects 


A Laboratory Model of Pre-inflammation 


For several years we have been studymg the 
influence of drugs and chemicals on development of 
erythema on albmo guinea pigs followmg exposure 
to ultra-violet enagy** , a procedure first employed 
by Whlhelmi??55 This experience has strongly 
influenced development of the foregomg hypothesis 

In a standardized procedure wherem the erythema 
is developed 2 hr after exposure, divided-dose pre- 
treatment with a typical non-steroidal anti-rheumatic 
agent delays the appearance of the erythema in a 
proportion of animals depending on dosage Sig- 
nificantly effective divided doses of various agents m 
the experiment closely approach daily anti-rheumatic 
doses m the clinic, on a body-weight basis 

Aspirm and ammopyrine are effective in this test 
they are anti-rheumatic, anti-nociceptive and anal- 
gotic Saheylamide 1s not effective , 16 18 doubtful as 
an anti-rheumatic, and, m spite of easily shown anti- 
nociceptive action, 1s doubtful as an analgetic The 
two supra-asprmm  expermmental anti-nociceptives 
mentioned earlier that were found ineffective as 
clinical analgetics®* were not effective m this test** 
Phenylbutazone is most potently effective , 16 1s most 
potently anti-rheumatic, yet not clearly anti-noci- 
ceptive and not, apparently, generally analgetic The 
acetanilid group presents the same problem discussed 
earher These agents are not effective in the ultra- 
violet erythema test at dose-levels that would be 
tolerated, they are not usefully anti-rheumatic , 
but, nevertheless, their anti-nociceptive action appar- 
ently provides an underlymg basis for mild analgesia, 
perhaps essentially aided by a more general action on 
the central nervous system 

The ultra-violet tissue injury sets off a pre-mflam- 
matory phenomenon amenable to influence by 
non-steroidal anti-rheumatic agents Presumably ıt 
is related to a pre-mflammatory phenomenon in 
various pamful tissue states which these same agents 
influence when, provided they also have some central 
anti-nociceptive effect, they relieve pam 
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Cortisone-like agents do not influence the ery- 
thema3*, have different kinds of effects on mflam- 
matory processes, and are neither anti-nociceptive!? 
nor known to be generally useful as analgeties The 
more potent analgetic agents from codeme upward 
do not delay the erythema and have no specific 
antr-rheumatic effect Ther paim-reheving actions 
are central and are associated with sufficiently robust 
experimental anti-nociceptive effects so that there 1s 
no great difficulty m comparmg them in the labor- 
atory ın terms of acute, non-nflammatory pain 

One can only speculate on the nature of pre- 
inflammatory processes mduced by noxious tissue 
states, leadmg to stimulation of pain endings and 
eventually to frank mflammation, and susceptible to 
agents hke aspirm It ıs conceivable that some 
clarification might come from work now bemg done 
m several laboratories on activation of proteases 
andor globulins, formation of kinins, release of 
potassium, eto?" 


More Complete Laboratory Models of Natural Pain 


If the ordmary expermmental noxious stimulus 1s, 
perhaps, too brief to allow development of the pre- 
inflammatory state upon which aspirm seems to have 
an essential component of its action, then ıt 1s natural 
to consider having this state pre-established as a 
part of the eventual total stimulus We were there- 
fore gratified to note a deserrption by Randall and 
Selitto?? of a laboratory model of inflammatory 
pain—measured pressure applied to the inflamed and 
cedematous foot of the rat One ıs reminded of 
Schumacher’s®? earlier work on the effect of asprrm on 
expermmental pain thresholds of mflamed human skin 

Usmg the inflamed foot, Randall and Sehtto found 
sodium salicylate, acetophenetidin, N-acetyl-p-ammo- 
phenol, and phenylbutazone effective m raising the 
threshold pressure required for a nociceptive response 
It ıs somewhat discouraging that amimopyrine was 
not significantly more effective than sodium salicylate 
—a, deviation from clmical experience It ıs mter- 
esting and more understandable that acetophenetidin 
and N-acetyl-p-aminophenol were only a half to a 
quarter as potent as sodium salicylate, even though 
they were more potent central anti-nociceptives as 
measured with the normal, unmflamed foot This 
agrees with the absence esther of anti-rheumatic and 
anti-erythemic (ultra-violet) effects of these two 
agents at tolerated dosage, or of any obvious means 
for reflexion of ther adjunctive sedative properties 
im the results Also, ıt ıs gratifymg that phenyl- 
butazone was only shghtly more potent than sodium 
salicylate, and would thus be predicted to have 
general analgetic utility, if any, only at doses much 
larger than can safely be employed clinically for the 
anti-rheumatic effect This agrees with the present 
lack of clinical evidence of general utility as an 
analgetic, and with absence of clear anti-nociceptive 
action at subtoxie doses (supra) 

Randall and Sehtto** suggest a liabihty im ther 
model that we believe may be mherent in any mvolv- 
ing cedema#*“—a liability to indirect effects from 
vascular disturbances caused by the agent on test It 
will be interesting to study the properties of a model 
m guinea pigs combining the relatively non-cedema- 
tous*#* ultra-violet inflammation and the acute, 
wide-area radiant heat stimulus? $ 

Recently, mice injected intraperitoneally with 
appropriate amounts of phenylqumone*" or acetic 
acıd have been observed to ‘writhe’? or 'stretch'4! 
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repeatedly and for long periods The phenomenon is 
suppressed by suitable doses of asprrm or ammo- 
pyrme, as well as by the more potent central anal- 
getics The stimulus, presumably noxious, differs in 
two important respects from those considered hereto 
First, 16 15 applied to a larger tissue surface, poten- 
tially bringmg into play a much broader pattern of 
neurological convergence Secondly, 16 ıs present for 
a longer time, at once providing possibilities of tom- 
poral neurological summation and of maturation of 
premflammatory processes In terms of the present 
thesis, any or all of these factors would improve 
sensitivity to agents lke aspmn or ammopyrine 

High doses of acetophenetidm required to suppress 
writhing m one laboratory*, and of sahcylamide m 

~ another‘, recall again the poor activity of these 

agents as anti-rheumatics or anti-erythemucs (ultra- 
violet) and suggest that the wrrthimg stimulus leans 
to some extent on a pre-mflammatory component 
Discrepancy between the two laboratories m effective- 
ness of sodium salicylate is puzzhng Suppression of 
the writhing by & variety of chemicals and drugs*1.43 
renders the phenomenon rather emgmatic at present 

It may bo that, with mcreasing attention to matters 
hke extensity, duration and quality of stimulus, as 
well as to higher-level neurological conditioning“, 
research woikers will gradually resolve the differences 
between experimental and natural pam so long and 
vigorously emphasized by Beecher* 


* Winder, C. V , Wax, J , Burr, V , and Been, M. (unpublished experi- 
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CHANCE AND 


r tho fundamental concepts of mathematıcal 
probability and their role ın statistical theory aie 
still subject to sharp controversy after three cen- 
turres of discussion by the acutest minds, we can 
scarcely expect that the concepts of psychological 
probability, born within the past decade, should 
already have found general acceptance It is not 
imdeed clear to everyone where mathematical prob- 
ability ends and where psychological probability 
begins, if ıb ıs justifiable to separate them at all 
The papers presented at a session of Section J 
(Psychology) during the York meeting of the British 
Association at least shared the view that the study of 
psychological probability unquestionably offers ım- 
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PROBABILITY 


portant opportunities for research into hitherto 
unexplored realms of mind and behaviour The three 
papers presented were ‘‘Wishful Seemg in a Gamb- 
lng Situation”, jomtly by Dr John Beloff and Mr 
Kenneth Warwick (Queen’s University of Belfast), 
and read by the former, “Chance and Uncertamiy"', 
by Dr W Mays (University of Manchester), read m 
his absence by Dr D McMahon, and “The Psycho- 
logy of Luck”, by Prof John Cohen (University of 
Manchester) 

The paper by Dr Beloff and Mr Warwick was 
devoted to an experimental study of ‘perceptual 
autism’, an expression comed by Prof Gardner 
Murphy in 1947 to refer to those subjectively distorted 
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changes m perception which heve the effect of gratify- 
ing the observer's needs—in other words, wishful 
seeing The context of the experiments was a type 
of gambling situation As a pomt of departure they 
took various investigations by Murphy and his 
colleagues designed to establish the autistic pheno- 
menon and they discussed the criticism that the 
observations could be explained im terms of the 
famihar notions of ‘expectancy’ or, alternatively, in 
terms of ‘response availability’ without postulatmg a 
special autistic mechanism Thus if a hungry man, 
on being shown an inedible object, says that ib i8 
something edible, 1t does not follow that he says so 
because he sees ıt as such but merely because he 
would naturally be thmking of things to eat Dr 
Beloff's experiments were designed to rule out these 
alternative explanations 

Three distinct experiments were conducted In 
the first the subject had to guess which of four possible 
visual stimuli would appear m a brief tachistoscopic 
exposure Before each exposure the subject was told 
that a square (with a cross inside) would be shown 
with one of the sides missing, and he had to guess 
which one ıt would be He was given money with 
which to bet on his guess On the autistic hypothesis 
the guesses should tally with the bets on a statistically 
significant number of occasions 

In this first experiment there were two series of 
presentations, one random and one biased In the 
random series, the subject presumably had no 
‘reason’ to believe that a particular card was more 
likely to appear at a given trial, whereas m the 
biased series ıt was experimentally possible to 
distinguish between what the subject ‘expected’ and 
what he ‘wanted’ to appear There was a significant 
autistic effect, ın spite of marked individual dif- 
ferences m patterns of response This led Dr Beloff 
to suggest that autism ıs a feature of personality 
and, m this sense, akin to optimism 

In order to meet the possible objection that this 
outcome was due to ‘response availability’, the 
second experiment introduced a new series which 
required the subject to bet cn the card which he 
expected not to appear, and to forfeit his bet if ıb 
did The reward series again revealed an autistic 
effect but not the penalty series, the bet-guess 
correspondence bemg at chance-level 

In the thd experiment a further attempt was 
made to ensure that the hypothesis of ‘expectancy’ 
could be elmunated by depriving the subject of the 
power of deciding which of the four cards was to be 
rewarded The subject now wor: his bet if the stimulus 
corresponded to a particular counte: drawn at random 
in advance of the exposure This experiment seemed 
to show clearly that “once desire is divorced from 
expectancy by introduemg an arbitrary system of 
rewards and penalties, the autistic effect no longei 
operates" Without denying that emotions may 
influence perception autistically, Dr — Beloff con- 
cluded that there 1s no need to assume a special 
central determinant, as proposed by Prof Murphy 

Dr Mays’s paper discussed certain logical and 
psychological issues arising in the study of probabi- 
lty m general He began by referrmg to Venn’s 
views expressed in his "Logic of Chance" (1876) and 
passed on to a more detailed criticism of Prof S E 
Toulmin’s contribution to an Aristotehan Society 
symposium on probability m 1950 As to Prof 
Toulmin’s question of the meaning of ‘probability’, 
Dr Mays stated “the answer :s probably very little, 
since ıt refers to a generalized situation, not always 
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specifiable by concrete operations” In his view, 
Prof Toulmim under-estimated the extent to which 
adult thinkmg is permeated by technical ideas 
deriving from games of chance 

Dr Mays stated that psychologists had studied 
the pragmatic understanding of probability from two 
points of view that of methodology and that of 
concept formation He thought that the mutial 
impulse to study subjective probability had come 
from experrments on extra-sensory perception, and 
suggested that descriptions of the way people behave 
in experimental probability situations ought not to 
be taken as a guide to rational behaviour, that 1s, as 
ethical norms, which subjective probability, m the 
sense used by Ramsey and Savage, 1s evidently meant 
to be 

Much of Dr Mays's paper took the form of a critical 
résumé of the views of certam psychologists, notably 
Goodfellow and Piaget The mam feature of Piaget’s 
work, he declared, is to take “the abstract calculus 
of probabilities as an objective standard of mature 
behaviour, and deviations from it (the so-called 
illusions) as a mark of immaturity” The concept of 
‘chance’, according to Piaget, is not an intellectual 
intuition, but has to be learnt, since the child 
endeavours to find a causal factor m everything he 
observes, he cannot apply the notion of equi-possi- 
bility of probability situations The child’s notion of 
probability, in Piaget’s view, only appears when he 
has built up a system of logical operations enabling 
him to contemplate possibilities (in terms of com- 
binations and permutations) beyond what actually 
happens 

Dr Mays beheves that there 1s little to be said m 
favour of the belief m. a special type of subjective 
probability postulated to cover what he described 
as "really an amalgam of emotional attitudes, mtel- 
lectual systems, etc", an approach which reminded 
him “‘of the instinct psychologists and the Aristotelians 
who postulated a new type of mstmet for every form 
of behaviour” 

Prof Cohen placed the study of luck m the context 
of psychological probability The belief in luck, he 
suggested, origmated ın the attempt to master hfe's 
uncertainties As societies become more civilized 
their uncertainties do not dimmish Hence the idea of 
luck survives with full vitality The exammation of 
luck formed part of a systematic series of studies, 
initiated at Manchester in 1952, mto those forms 
of thought and behaviour which characterize states 
of uncertainty choice, estimation, prediction, 
inference, risk-taking, and decision-making generally , 
and the method of investigation was at once experi- 
mental and developmental He ventured to make 
two mferences from his earlier inquiries which had 
a bearing on the present one Furst, the idea of 
‘randomness’ is alien to the human mind, which 1s 
essentzally pattern-seeking or, m more general terms, 
engaged in an implicit or explicit search for meanmg 
Secondly, there 1s evidence that our minds act as 
unwitting ‘computers’ and, under certain conditions, 
an analogy can be drawn between quasi-additive 
and quasi-multiplicative operations m psychological 
probability and the fundamental properties of mathe- 
matical probability 

Prof Cohen then considered the meaning of ‘luck’ 
1n terms of observed usage, principally in the twofold 
sense of ‘unearned advantage’ and ‘fortuitous intei- 
vention’ He illustrated the survival of beliefs in 
luck by reference to the fact (as he had found) that 
young and old alike still have their lucky colours, 
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days and numbers Moreover, people are believed to 
have stores of luck which can be depleted and re- 
plenished, and there ıs evidence that women felt 
themselves to be luckier than men 

Prof Cohen was mamly concerned to describe 
experimental demonstrations of the effect of a belief 
im luck on expected performance and achievement 
Thus, a subject could estimate realistically his likely 
performance at any given task Thuis estimate could 
then be compared with other estimates of his hkely 
performance if he thought he would be (a) lucky, 
(b) very lucky, (c) unlucky, (d) very unlucky From 
a variety of experiments of this kind ıt seemed that, 
withm a given range of tasks, to be lucky signified 
an expected improvement in performance of some 
10 per cent, and to be very lucky, of 20 per cent 
Unluck meant an expected deterioration of 30 per 
cent and very bad luck anything up to 80 per cent 

An alhed effect of the belief in luck could be 
measured ın terms of the proportion of attempts in 
which the subject expected to succeed at particular 
tasks varying m level of difficulty Here, too, the 
pattern of realistic estimates could be compared with 
the pattern of estimates of success with varying 
degrees of expected luck and unluck Psychological 
probabilities derived in this fashion revealed that 
when tasks are of comparable subjective difficulty 
the patterns of estmmates of expected performance 
bear a strikig mutual resemblance Furthermore, 
a pessimistic under-estimation of one’s capacity 
appeared when the task seemed subjectively easy and 
an optimistic over-estimation when it seemed hard 
A generahzation of particular mterest could be 
embodied in. the formula 


1- 
M + v E 


where d represents the psychological probability, 
p the a piso? probability of success, and 7 (and i) 
the degree of luck (or unluck) to which the original 
estimate relates What is conveyed by this formula 


NATURE 


499 


1s the empirical observation, based on many experi- 
ments, of the quasi-additive character of psycho- 
logical probabihties Suppose, for example, that 
the a priory probability of a subject’s success at a 
task 1s 0 1, and that his corresponding psychological 
probability, if he thinks he will be very ‘lucky’, 
is 0 6, then when the a pror» value of success at a 
similar task ıs 0 9, hus psychological probabilty of 
success 1f he thinks he will be very ‘unlucky’ turns out 
to be approximately 04 The additive property 
appears when the values of | are derived fiom esti- 
mates made after as well as in advance of performance 

A different analysis was employed by Prof Cohen 
to measure the frequency with which we think good 
or ll fortune will befall us In his experiments, the 
estimate of performance which ıs regarded as most 
realistic 1s expected by the subject to occur on some 
52 per cent of the occasions, the lucky (or unlucky) 
outcome on some 17 per cent and the very lucky 
(or very unlucky) outcome on some 7 per cent 
These experiments, Prof Cohen believes, shed light 
on the basis of our aspirations For in everyday lıfe 
we are often governed by unrealistic considerations, 
and what we are, in fact, prepared to undertake may 
depend basically on what we imagine we should 
achieve if we were lucky or unlucky The range and 
pattern of psychological probabilities might justify 
the assumption of a sort of mner ‘standard deviation” 
of judgment 

Prof Cohen also spoke at some length of social 
repercussions of a behef in luck, particularly as a 
stabilizer in allaying socio-economic envy, and m 
discouraging mutiative, and he referred to the 
‘magical’ significance of the practice of disparagement, 
both of self and of others In conclusion, he drew a 
parallel between individual and cultural psychological 
probability, m that the phenomenon of pseudo- 
subjective dependence (or the Monte Carlo fallacy) 
has its analogue in the cyclic, as contrasted with the 
linear, conception of time and history which charac- 
terizes traditional and archaic cultures 


COAST EROSION AND ACCRETION 


T 1s almost true to say that, despite the full and Association meeting at York was 


interesting reports of the Royal Commission on 
Coast Erosion (1907-11), little effective action on the 
coasts of Britain was taken until the severe flooding of 
1953 occurred A Departmental Committee was then 
appointed under the chairmanship of the late Lord 
Waverley, and ın 1954 made two relatively short 
reports contamung a number of recommendations 
Three of them are particularly relevant to this article 
No 10 reads “that steps should be taken to 
ensure propei co-ordmation of researches Recourse 
might well be had for this purpose to the constitution 
of two consultative and advisory standing committees 
There should be close co-operation on research matters 
between British and Dutch scientists, engmeers and 
Governments” Recommendations 2 and 3 empha- 
sized the necessity of research into “the behaviour 
and suitability of vegetation for use on sand, shingle 
and other material adjacent to the sea”, and “the 
urgency of research mto tho movements of beach 
material, off-shore banks and related coastal prob- 
lems” Thus the discussion oiganized by Sections E 
(Geography) and K (Botany) at the recent British 


particularly 
relevant 

The two standing committees referred to have been 
formed, and the one devoted to sea defences 1s that 
most concerned with this article The other is prim- 
arly concerned with tidal and oceanographical 
matters The sea defence committee, under the 
chairmanship of Mr E A G Johnson, of the Ministry 
of Agriculture, Fisheries and Food, has already made 
three reports to the Mmusters concerned (Agriculture, 
Fisheries and Food, Housing and Local Government, 
and the Secretary of State for Scotland) The com- 
mittee is very alive to the physical and ecological 
problems affecting our coast, and Mr G Cole, who acts 
as secretary, was one of the speakers at York It1s the 
first time in Britain that such complete co-ordmation 
on coastal problems has been attained Mainly through 
the personnel of the committee very close contact 1s 
maintamed with the Hydraulics Research Board, the 
Nature Conservancy, the Building Research Station 
(m connexion with sea-wall and sea-bank construc- 
tion), and the universities Since, too, radioactive and 
other tracers are becommg more and more significant 
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in coastal work, there is also a close hnk with 
Harwell 

In practice the erection of sea defences of one kind 
or:another 1s the work of engineers, either consultants 
or those connected with river boards, or local or 
national authorities But all who are interested in the 
coast are concerned among other matters with the 
source, supply and maintenance of beach material, 
and with the holding of dunes and the formation of 
marsh Experience has shown all too often that 
indiscriminate building of groynes and walls may have 
very serious effects m other places Since the natural 
protection of much of our coast 1s a good beach, 1t 1s 
all important to study how ıt ıs to be mamtamed 
Careful surveys made by members of the Department 
of Geography at Nottmgham showed that 1t took 5 
or 6 years before the Lincolnshire beaches were 
restored fully to the level they reached before the 1953 
flood scoured them almost completely In many cases 
1t 18 possible to assume with a fair degree of certainty 
that & beach 1s fed by lateral transport If this 1s 
interfered with at some locality sites to leeward are 
bound to suffer But there are places, for example 
Scolt Head Island, where ıt 1s not unreasonable to 
assume that new material comes more from offshore 
than alongshore ‘This matter of offshore supply 1s 
one that 1s frequently debated, and one that perhaps 
can be finally settled only by tracer or aqualung 
methods Already some useful results based on 
observations by divers have been obtamed at Scripps 
Institute of Oceanography and a begmning has been 
made in Britain by the physiographic unit of the 
Nature Conservancy Careful observations by trained 
men. in water down to a depth of perhaps 100 feet may 
help very greatly m many shore problems These 
more recent mothods of approaching the question of 
supplies of beach material do not m any way mean 
that the type of studies already in use should be 
discontinued Far from it, they should be pursued 
vigorously, and to ‘know’ a beach imphes a long 
study. It may sometimes be necessary m building 
defences to act hurriedly, and 1t may happen that the 
result 1s successful In general, however, the study of a 
beach over a period meluding all types of weather 
hkely to act upon it ıs desirable Moreover, 1t 1s also 
valuable to be able to make comparative studies 
Conditions are never exactly the same im any 
two places, but a great deal can be learned by 
studying comparable localities ən different parts of 
the coast 

The four papers that followed the introductory 
remarks dealt mainly with specific problems and 
places Dr M C Pearson, of the University of 
Nottingham, discussed the biology of the sea buck- 
thorn (Hippophae rhamnoides) This shrub enters the 
succession of sand-binding plants after the marram 
grass stago It1s found ın Britam only on coastal sand 
dunes, and is common on certam parts of the east 
coast Dr Pearson’s studies have been made at 
Gibraltar Point, a nature reserve at the north-eastein 
corner of the Wash It has been found that most of the 
plants origmate from underground stems and but 
very few from seed Thisis partly explaimed as a result 
of the predation of seeds by birds and small mammals 
The shrub carries big spines, and so may form a 
deterrent to grazing animals and even to picnickers 
In that sense 16 may have value m keepmg certam 
parts of the dunes free from erosion caused by tramp- 
ling Inany evenbitis of value m fixing the dunes, and 
1b 18 used partly in that way m Holland Further 
research work on this interesting species 1s planned 
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Mr Cole’s paper was concerned with the gathermg 
and stabilzmg of sands, silts and clays by vegetation 
He pointed out that only along a relatively short 
distance (60-70 mules) of the total length of the coast 
of England and Wales do dunes form the sole or 
partial defence, and salt marshes cover even less 
distance He discussed several mteresting examples 
of the artificial accumulation of sand dunes around 
brushwood or other type of fencing or obstacle, and 
also the effect of various grasses in their relation to 
dune and marsh growth ‘The remarkable growmg 
power of marram was pomted out, but he stressed 
the view that its ramifymg and long roots may have 
little effect m bindmg the sand The building of a 
new dune by British Railways at Dawhsh Warren, 
and the planting on ıt of tree lupm (Lupinus arboreus) 
following the marram, was taken as a good example 
of the artificial production and maintenance of sand 
dunes 

In the development of marshes the plantmg of 
Spartina was mentioned This grass has spread rapidly 
on the south coast and 18 now mvading, sometimes all 
too successfully, the east coast Dr D Ranwell, of 
the Nature Conservancy, has recently been engaged 
upon methods for its eradication It will be noted that 
Sparta, in this paragraph ıs not followed by any 
specificname Dr C E Hubbard, of Kew, has shown 
that the grass which has grown so extensively in 
Southampton Water and 1s regularly used for planting 
and reclamation elsewhere ıs not © townsendw but 
rather a chance offspring of that plant, and that so 
far ıt has not been given a specific name 

Mr Cole very rightly made the pomt that 1b 1s 
wrong to rely too much on one or two species If for 
some reason disease developed m marram or Spartina 
grave difficulties might arie There should be 
expermmentation with vegetation and, in certam 
carefully controlled circumstances, we Should intro- 
duce foreign species The idea of & ‘coastal garden’ m 
which such experiments could be made has already 
been adumbrated 

Mr C Kidson was also concerned with this same 
pomt He has studied certam parts of the coast m 
great detail, and as physiographer of the Nature Con- 
servancy he has been able to make comparisons with 
many other parts His studies on the Somerset coast 
have shown the value of Sparte m accumulating 
sand and silt, and 15 18 estimated that m part of Bridg- 
water Bay the level of the foreshore has been raised 
5-7 feet since 1928 But here again all is not as it 
should be Spartena may act locally almost lke a 
groyne, and 16 1s able to hold up the longshore trans- 
port of shingle In one place 60 feet of spartinetum 
was overridden by shingle m one year The shmgle 
beach behind, cut off from, rts supply, was combed 
down m big storms and became lower and so less of a 
protection to the land behmd Mr Kıdson also direct- 
ed attention to the mteresting work that is now bemg 
carried out along the west coast of Denmark There 
the foreshore has been built up by Salicormea spp and 
Pucemelha martıma Their spread has been much 
aided by the building of low brushwood dams and 
shallow drainage channels He also directed attention 
to the possibility of Suaeda fructwcosa holding mobile 
shingle It 1s a habrt of this shrub to grow at the head 
of marshes and at the foot of shingle ridges Prof 
Oliver, ın his studies of Blakeney Poit, directed 
attention to ıt many years ago It 1s doubtful 1f the 
plant can be a real deterrent to shmgle movement 

The remaiming paper, although given earlier ın the 
sequence, dealt with the coast of part of Lancashire 
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Mr Gresswell, of the University of Liverpool, has 
made several extensive studies of this It 1s put last 
here because ıb was rather less concerned with 
vegetation than were the others Nevertheless, South 
Lancashire ıs faced with a dune coast, and one made 
use of perhaps more than any other dune area m these 
islands The speaker discussed the erosion at Formby 
and the accretion at Southport This coast illustrates 
extremely well how difficult ıt 1s to estimate what will 
happen m the future Formby and district have been 
suffering loss for some 50 years , before then the same 
area was gammg at about the rate 1b 1s now losing 
Inland of Southport and Formby 1s @ belt of meh 
agricultural Jand below the level of high tides, and 
only protected by the dune belt The dunes have long 
been controlled, and extensive pme forests cover part 
of them But these will not stop erosion Extensive 
“sea walls may do so, and in a Imuted way so also may 
bulk accumulation—the artificial gathermg of sand 
by brushwood groynes and careful planting This will 
increase the amount to be eroded by the waves, 1% 
cannot stop the erosion It may also be possible to 
raise the height of the beach by buildmg groynes and 
stopping the sand which moves both to north and to 
south away from Formby But then how will this 
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affect Southport ? The lesson has been learnt a little 
farther north * the protection of Blackpool has starved 
the beaches at Fleetwood and caused severe damage 
there 

Change ıs constant along the coast, 1i6 1s most 
noticeable m those parts faced by soft cliffs or by low- 
lying ground fringed by dunes and marshes It 1s 
much slower, and perhaps not measurable in a hfe- 
time, on a coast faced by chffs of resistant rock 
Coastal studies are not only of significance to all 
dwellers along the sea and owners of land adjacent to 
1t, but they are also of particular interest to workers 
in many branches of science, archeology and history. 
Coastal defence, m the long run, must benefit by the 
more leisurely rate at which certam experimental 
work has to be undeitaken ^ Botanists, physio- 
graphers and others, of several of our universities, 
are now much concerned with coastal research, and 
therr findings are appearing with some regularity. 
The more we know of any particular stretch, the more 
certain will be the effect of any future defence work 
that may be necessary The four papers presented at 
the meeting of the British Association at York may 
be regarded as samples of the mterest which coastal 
research 1s now provoking J A STEERS 


OBSERVATIONS OF THE RUSSIAN MOON ROCKET 
LUNIK Il 


HE 250-ft 1adio telescope at Jodrell Bank was 

used to receive the transmissions from the second 
Moon rocket launched by the USSR Observations 
were made on the evenings of 1959 September 12 and 
13 on frequencies of approximately 183 6 Mc js and 
19 992 Mc /s The only other part of the radio spec- 
trum searched was in the region 19 99-20 01 Mc/s, 
but no signals fiom the probe were found 


+370 


+360 


+ + + 
e ce e» 
e Ax e 
c eo o 


Frequency (e /s ) 


+820 





+310} 
1950 





2010 
Time UT 


2000 2020 2080 2040 2050 2100 


1959 September 13 


Fig 1 The variation of received fiequency ın cycles per second 
deviation from 19 992 Me /s plotted for the last hour of the flight 
of Luntk II 


The primary feeds consisted of a folded-wire dipole 
without reflector for the 20 Me /s band and a folded 
dipole with reflector for 183 6 Mc /s The 183 6 Mc /s 
signal was received on a communication receiver 
with a band-width of 5 ke [s , and the 19 992 Mo /s 
on a receiver with variable band-width, 750 c/s 
bemg employed for most of the time Both frequencies 


earried the familai bleep bleep’ modulation pattern, 
and although clearly audible, the signals were not 
strong enough to permit reliable estimates of signal 
strength The signals on both frequencies ended 
abruptly and simultaneously at 21h 02m 238 UT 
on September 13 

Within the limits of the 2° beam of the radio 
telescope at 183 Me js , and the rather heavy fadmg 
of the weak signals, there was no significant deviation 
of the position of the rocket from the predictions 
received from Moscow 

The precise frequency of the 19 992 Mc /s signal 
was measured by comparison with a frequency stan- 
dard to an accuracy of +4 c/s On the evening of 
September 12 the measured frequency varied uni- 
formly at 4 c/s per hour between 20h 30m and 
22h 30m ut The rate expected from the effect of 
the Earth's rotation alone ıs about 6 c /s per hour, 
thus the rocket was at that time bemg slightly re- 
tarded by the Earth's gravitational attraction The 
variation in frequency over the final hour of the 
rocket’s journey on September 13 1s plotted ın Fig 1 
The smooth nature of this curve indicates that no 
guiding rockets were used during this period The 
slope of this curve is a direct measure of the line of 
sight acceleration and hence, usmg the Moon’s mass, 
gives a maximum distance from the Moon for each 
pomt on the curve The acceleration at the end of 
the curve 1s that expected for an object moving 
directly towards the centre of the Moon at a height 
of 70 km +150 km from the Moon’s surface, and 
can therefore be taken as positive confirmation that 
the rocket did mdeed hit the Moon somewhere within 
7 minutes of arc from the centre of the lunar disk 
The velocity of mmpaet derived from these data ıs 
approximately 3 km /sec +0 5 km /sec 
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We are indebted to our Russian colleagues for com- 
puting the trackmg data for the radio telescope 


J G Daviss 
A C B LOVELL 


Jodrell Bank Experimental Station, 
University of Manchester 


On September 13, attempts were made to observe 
the impact of the Russian vehicle upon the Moon 
The telescope used was the 12 5an reflector with 
which extensive lunar observation has been carried 
out since 1949 

The impact area had been indicated as that of 
the Maria Serenitatis, Tranquilhtatis and Vaporum 
Such an area would be impossible to cover adequately 
Smce ıt seemed reasonable to assume that the 
Russians intended to land the vehicle as close as 
possible to the apparent centre of the lunar disk, 16 
was considered best to use a reasonably high power 
( X300 to 400) and concentrate solely upon the Mare 
Vaporum region 

Predicted impact time was 21h 01m ut Nothing 
was recorded at this time, but at 21h 02m 23s v T 
(+2 sec ) a minute pmpomt of light was recorded , 
1t appeared suddenly, and faded out withm half a 
second The lunar co-ordmates are estimated as 
+085 +195 This places the position as m the 
Hyginus area, close to Schneckenberg 

Though seemg conditions were good, the phenom- 
enon was so uncertaim and so close to the limit of 
visibility that i6 seemed unwise to trust ıt A report 
was at once sent to the Dnector of the Lunar Section 
of the British Astronomical Association, at Man- 
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Engineering in the University of Birmingham * 
Prof G F Mucklow 


Pror G F Mucxtow retired this summer from 
the Chance chair of mechanical engmeering, Univer- 
sity of Birmingham He ıs succeeded by Di 8 A 
Tobias, assistant director of research in the Depart- 
ment of Engmeermg, University of Cambridge Prof 
Mucklow has held the chair smce 1940 He was educa- 
ted at Rugby, McGill University and the University of 
Manchester He was for a short time a research 
associate of British Motor and Alhed Manufacturers 
before taking up the post m 1923 as lecturer in 
engmeering at the University of Manchester He is 
well known for his work on compression-ignition 
engines super-charging, exhaust pipe effects, 
wave-action m gases and related topics Durmg his 
tenure of the Chance chair, the Department of 
Mechanical Engineermg has been greatly expanded 
Prof Mucklow has played a prominent part m the 
development of postgraduate courses of instruction 
for men returning from dustry The first course to 
be established was that m production engineermg, 
and this was followed m 1950 by a most successful 
course in thermodynamics He has seen the Depart- 
ment rehoused in excellent buildmgs which were 


officially opened in 1954 
Prof S. A Tobias 


Dr S A TosrAS, who succeeds Prof Mucklow, 
was born in Vienna m 1930 He received his educa- 
tion at the University fo. Technological and Economic 
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chester, to await confirmation ‘Since ıt now seems 
that both time and position are m good agreement 
‘with other observations, there is a possibility that the 
phenomenon did in fact represent the ımpact 
Patrick MOORE 
Glencathara, Worsted Lane, 
East Grinstead, Sussex 


On September 13, observations were made with the 
hope of observing the landing of the Russian Lunek 
on the Moon, using a reflecting telescope of loin 
aperture with a power of 300 The sky was very 
clear and surface details on the Moon clearly defined 
The Russians had said ıt was aimed at the Mare 
Tranquillitatis, Serenitatis and Vaporum, that 1s, the 
region to the north-west of the geometrical centre 
Last Sunday the Moon had sufficient lbration to 
bring this region nearer to the centre as seen from 
the Earth than usual 

This area of hundreds of square miles was ‘swept’ 
regularly The stated tıme for impact arrived and 
nothing was seen I decided to continue for a short 
while and 1} mm after the stated time, at 21h 02m 
93s vu T, I was looking at the Mare Vaporum, the 
nearest part to the centre At this pomt, north of 
the Hygimus Cleft and close to Schneckenberg, I 
observed a pmpomt of light and a kind of dark ring 
just as though dust had been disturbed and heated 
This lasted a few seconds 

I understand that this observation 1s 1n accordance 
with the work of other observers 

H Percy WILKINS 

35 Fairlawn Avenue, 

Bexleyheath, Kent 
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Sciences, Budapest, Hungary, and graduated in 
1943 For four years after that he worked in industry 
as a design engineer of machine tools Tobias came 
to Bntam m 1947 as a British Council Scholar, 
becoming a research student m the Department of 
Engmeering, University of Edinburgh, where he 
received his PhD in 1950 Durmg 1951-54 he was 
an Imperial Chemical Industries research fellow at 
Edinburgh, working on problems of lmear and non- 
lmear vibrations, and recerved hus D Se Edinburgh 
in 1955 In that year he was appointed assistant 
director of research m the Department of Engineering, 
University of Cambridge, where he has buit up a 
flourishing research school in the field of non-linear 
vibrations and in problems arismg m metal-cuttmg 
processes 


Agricultural Botany at Bangor 
Prof Alun Roberts 


Pror R ALUN RoseErts is retiring from the chair 
of agricultural botany at the University College of 
North Wales, Bangor At Bango: the Departments of 
Agriculture, Agricultural Botany and Agricultural 
Chemistry are separate and independent, and, 
unhke most of the other universities where agri- 
culture is taught, there are no subordinate professor- 
ships m those subjects Prof Alun Roberts was 
appointed professor at Bangor m 1945, where he had 
been mdependent lecturer in agricultural botany 
during 1921-40, when he was seconded as executive 
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officer to the Caernarvonshire War Agricultural 
Executive Committee His secondment was later 
transferred to the Welsh Department of the Ministry 
of Education, in order to study its problems in rural 
Wales Plant ecology, especially of the grasslands of 
Snowdonia, has been the favourite subject of research 
of Prof Alun Roberts and his colleagues His know- 
ledge of early settlements and of Welsh history, 
enriched by long and close study of old estate manu- 
scripts, enabled him to link up ecological changes 
with past land use Particulars of early settlements, 
and later stocking of lowland and upland, with 
summer migration of the mhabitants from Hendre 
to Hafod, have added interest to his ecological studies 
In addition to his scientific, historical and literary 
activities, he has found the tıme to serve on such 
bodies as the Royal Commission on Common Lands, 
the Welsh Land Sub-Commission and Nature Con- 
servancy His knowledge of land use, past and 
present, makes him a specially valuable member 


Prof J L. Harper 
Dr J L Harper has been appointed to succeed 
Prof Alun Roberts He gained honours ın the final 
honours school of botany m 1946 at Magdalen 
College, Oxford, and was awarded the senior Mackin. 
non scholarship and a Department of Scientific and 
Industrial Research postgraduate scholarship In 
1949 he carried out research at the Imperial College 
of Tropical Agriculture and Colonial Microbiological 
Research Institute, Trmidad He gamed his D Phil 
in 1950 for his work in the interactions of soil 
micro-organisms Dr Harper is a lecturer m agrı- 
culture at University College, Oxford, and has been 
a member of the Board of the Faculty of Agriculture 
and Forestry smce 1957 While he has published 
much m the realms of plant pathology and of geneties, 
he ıs perhaps best known for his researches m experi- 
mental ecology By inclination and practice he 1s an 
ecologist ın the widest sense, and from an agricultural 
point of view, m matters of weeds, prefers to 
start with the biology of control rather than with 
chemical applications Dr Harper, who gamed a 
Rockefeller Foundation award, 1s at present working 
in the Department of Dr G Ledyard Stebbins, Davis 
University, California, he will not take up his 
appomtment at Bangor until next year 


Ministry of Agriculture, Fisheries and Food * 
Dr H R Barnell 


Tur Mmustry of Agriculture, Fisheries and Food 
has announced the appomtment of Dr H R Barnell 
as chief scientific adviser (food) in succession to Dr 
N C Wright (see Nature, 182, 631, 1958), who has 
been appomted to the office of deputy director-general 
of the Food and Agriculture Organization of the 
United Nations 

Dr Barnell was educated at Luton Grammar 
School and at Downing College, Cambridge In 1929 
he obtained first-class honours ın the Natural 
Sciences Tripos Pt II (Botany) and was awarded 
the Frank Smait Prize He was afterwards Frank 
Smart Student in botany He was & research student 
in the Cambridge Department of Botany from 1929 
to 1932 Afte: a period as research assistant and 
lecturer in the Cambridge School of Agriculture he 
was appointed to the staff of the Low-Temperature 
Research Station of the Imperial College of Tropical 
Agriculture, Trindad Huis work m Cambridge was 
on the biochemistiy of cereals, and in Trmudad 
primarily on the biochemistry of the banana in 
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relation to the refrigerated and gas storage of tropical 
fruts In 1943 he returned to the United Kingdom 
as & member of the Dehydration Division of the 
Ministry of Food, and was eventually transferred 
to the Scientific Adviser’s Division, where he was 
primarily concerned with developments within fields 
of food science and technology In this connexion he 
not only played a major part in developmg the food 
aspects of Commonwealth defence science, but also 
was largely responsible for initiating and planning the 
programme of work of the Mimstry’s Experimental 
Factory and Research Establishment at Aberdeen 
In 1950 he was appomted deputy chief scientific 
adviser 

In the course of his official work Dr Barnell has 
made wide and warm personal contacts throughout the 
food industry, not only m Britain but also overseas, 
where he has travelled extensively in North America, 
Central and South Afiica, Austiaha and India He 
has served on the governmg bodies of a number of 
food industry’s research associations, and was one of 
the Mimistry’s assessors on the Food Investigation 
Board of the Depaitment of Scientrfic and Industrial 
Research He is a member of council of the Institute 
of Biology Dr Barnell’s outstandmg contributions 
in the building up of the Scientific Adviser’s Division 
make his choice as chief scientific adviser a par- 
ticularly appropriate one 


Difficulties in the Present Systems of Superannuation 


A QUESTION was raised in the House of Commons 
on July 2 regardmg difficulties im the exchange of 
teachers between universities and colleges of tech- 
nology arising out of their differmg schemes of 
superannuation In reply Sir Edward Boyle, Parha- 
mentary Secretary to the Mimstry o? Education, said 
that the possibility of transfer between the two 
superannuation systems had been exhaustively con- 
sidered and found to be mmpracticable There were, 
however, arrangements for integratmg service under 
the two schemes and he believed these were not as 
widely understood as they might be Suw Edward 
Boyle said he was mvestigating the matter Transfer 
had proved impracticable because the pensions 
under the university scheme were based on an 
msurance policy and differed ın content and kind 
from those under public service superannuation 
schemes Mr Allen pointed out that to fill vacancies 
in the colleges of advanced technology and the 
regional technical colleges ıt will be necessary to go 
to the universities for the senior posts However, at 
present the difference between the two schemes was 
causing many suitable university candidates to 
decime posts as principals and heads of departments 
in colleges of technology 


The Zero Gradient Synchrotron 

Ix a press report dated June 27, 1959, the US 
Atomic Energy Commussion gives details of a lage 
orbital accelerator for protons, to be constructed at 
the Argonne National Laboratory, Lemont, Illinois 
Economic factors always entail a compromise 
between high energy and high intensity m proton 
synchrotrons, but improvements in design may 
materially enhance the output obtamable at a given 
cost The technical advance known as alternating- 
gradient focusing led to the design of the 25 GeV 
proton accelerators at Cern, Geneva, and at Brook- 
haven, but these machmes may prove to be limited 
m beam intensity to about 101! particles per accelera- 
tion pulse In the Argonne Laboratory machme, 
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gradient focusing 1s not used and the uniform guiding 
magnetic field. 1s forced beyond the saturation value 
over a vacuum system of relatively large aperture 
Beam stability 1s obtamed by wedge-focusing effects 
at the boundaries of the sectors mto which the 
200-ft diameter magnet ring ıs divided As a result 
of the fairly large aperture and high injection energy 
(50 MeV ), pulses of about 101? protons of an energy 
of 12 5 GeV are expected Much of this beam should 
be available outside the machme 

The Argonne Zero Gradient Synchrotron and its 
associated equipment will cost 29 milhon dollars It 
will provide a strong source of all known particles 
and anti-particles and, smce ıt will be especially 
suited to the study of rare events, 15 may lead to the 
discovery of new phenomena The cost of such 
research now faa exceeds the resources of mdividual 
institutions, and the development of gieat national 
or international laboratories, m which many univer- 
sity teams conduct research with one accelerator, 18 
a natural consequence The new undertaking at 
Argonne, which ıt ıs hoped to complete durmg 
1962-63, has many similarities to that at Harwell, 
where a 7 GeV proton synchrotron 1s under con- 
struction for the National Institute for Research ın 
Nuclear Science 


Higher Education in the US S.R 


A BIBLIOGRAPHICAL survey of technical and voca- 
tional education m the USSR by M I MovSovié, 
issued as No 30 of educational studies and documents 
by the United Nations Educational Scientific and 
Cultural Organization (Technical and Vocational 
Education m the USSR & Bibliographical Survey 
By M I MovSovié Pp 53 Paris Unesco, London 
HM Stationery Offce, 1959. 5s. net), covers voca- 
tional education at the elementary, secondary and 
higher levels Besides books and articles, biblio- 
graphies and periodicals are dealt with m a separate 
section Generally, publications are presented 
chronologically within each section and the articles 
are farrly fully annotated or summarized 


Planning in Pakistan 


A BROADSHEET, “Planning ın Pakistan” (Planning, 
Vol 25, No 438, April 20,1959 Pp 85-112 Lon- 
don Political and Economic Planning, 1959 
2s 6d), which emphasizes the stimulus to central 
economic planning derived in the new countries of 
Asia from mdependence and the prospect of foreign 
aid, gives a clear but concise account of the progress 
of planning m Pakistan After reviewing the effects 
of partition and planning in the early years, the 
broadsheet outhnes the Five Year Plan, published 
in May 1956 by the Pakistan Planning Board estab- 
lished in July 1958, and then describes the perform- 
ance and prospects of the plan Political and 
Economic Planning concludes that although Pakistan 
18 passing through a difficult phase m its economic, 
as m its political, development, it ıs tackling 1ts 
difficulties with vigour Performance, however, in 
some spheres remarkably good, has been uneven, 
and, regarded as a whole, madequate Big mistakes 
have been made, particularly because of over-ambi- 
tious schemes, and too optimistic assumptions about 
foreign exchange and sterling earnmgs, and import 
savings Brillant results m industrial development 
do not balance the failure to develop agriculture 
Nevertheless, Pakistan’s economy 1s basically sound 
It ıs learnmg from past errors and preserving its 
zeal to plan and work for prosperity 
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International Council of Museums 


Tux fifth General Conference of the International 
Council of Museums was held m Stockholm durmg 
July 1-8 under the presidency of Dr Georges Salles 
(France) The Conference was preceded by meetmgs 
of certain committees and commussions held at Oslo 
and Copenhagen Dr Torsten Althm was chairman 
of the Swedish National Committee which carried 
out all the complicated organization for the meeting 
About 350 delegates attended The theme of the 
Conference and the lectures was “Museums as Mirrors 
—therr Potentialrties and Limitations" An important 
session dealt with the mauguration of the Inter- 
national Centre for the study of the preservation and 
restoration of cultural property This Centre, estab- 
hshed in Rome by the General Conference of Unesco, 
18 designed to strengthen relations between all who 
are interested in the preservation of their cultural 
traditions Dr H J Plenderleith, recently of the 
British Museum, has been appomted the first director, 
and at Stockholm he outlined the policy of this new 
Centre It aims to collect documentation on the 
efforts already made ın this field, co-ordinate research 
in order to avoid overlapping, and give advice to 
all those requestmg 1t The Centre will also assist 
and facilitate the tramung of experts and ıs destmed 
to become the institution best mformed about the 
results already achieved and the research in pro- 
gress The foremost requirement at present is that 
the great countries should support this ventuie and 
ensure its existence after the period guaranteed by 
Unesco It was agreed that the next triennial con- 
ference should take place in Holland in 1962 under 
the presidency of Sir Philip Hendy (National Gallery, 
London) 


Geophysical Journal 


Tux appearance of the first number of the second 
volume of the Geophysical Journal, published by the 
Royal Astronomical Society, 1s a suitable opportunity 
to stress the contribution which this journal 1s makmg 
to the growth of pure geophysical research, especially 
m Great Britam The fundamental importance of 
the papers, the careful refereemg and the speedy 
publication are heartenng Half this particular 
number contams origmal material The other half 
consists manly of a review of palaomagnetism and 
two shorter reports, one on a geophysical meeting 
and one on current geophysical research m Canada 


The Australian Journal of Statistics 


THE Statistical Society of New South Wales 1s 
publishing a new journal, namely, The Austiahan 
Jounal of Statistics It 18 to be issued three times 
a year, and will contain material relating to statistical 
theory and methods and their application to all 
branches of learnmg The Journal will give Australian 
statisticians an opportunity to present thew work 
to the pubhe without undue delay The editor 
is H O Lancaster The first number runs to thirty- 
four pages, and besides mtroductory material and 
a “News and Notes" page, contams three papers 
The price of this number ıs 10s, which 1s perhaps 
a little high for such a slm volume, but even so 
the Society has had to have outside financial sup- 
port from some dozen organizations The Journal 
will no doubt satisfy a need among Australian statis- 
ticians, who are making valuable contributions to the 
development of statistics, and every success 1s to be 
wished to the Society m its new venture 
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THE appearance of a regular translation of the 
monthly Soviet journal Kauchuk 4 Reza under the 
title Sowet Rubber Technology (No 1, June 1959 
English translation of Kauchuk 9 Rezina, Vol 18, 
January 1959 Pp 64 Annual subscription 
rates Ordmary, UK £10 10s Abroad 50 US 
dollars, or equivalent R.ABRM Members and 
UK non-profit-making institutions £5 5s Obtain- 
able from Maclaren and Sons, Ltd , 131 Great Suffolk 
Street, London, S E 1) 1s a welcome addition to the 
scientific literature of the USSR available in the 
Enghsh language The translation, which is bemg 
carried out by the Research Association of British 
Rubber Manufacturers under the auspices of the 
Department of Scientific and Industrial Research 
Translations Unit, combines technical competence 
and accuracy with a pleasant and readable style 
It 1s stated that the journal “‘deals with the efficient 
use of raw material, the automation of manufactur mg 
processes in the rubber industry and improvements to 
the design of tyres and industrial rubber goods 
Aiticles describmg the most important chemical 
research of mterest to the rubber mdustry are also 
ineluded" ‘The first issue ineludes, in addition to 
original research contributions, more general articles 
reviewing mdustrial organization m the USSR, 
and news items The scientific papers are about 
equally divided between chemistry (polymerization 
processes, « mpounding, vulcanization, ete) and 
physics (properties of rubber compounds, fatigue 
and adhesion of tyre cord, ete ) The journal gives a 
good general msight mto the technical and mdustrial 
problems of the Soviet rubber industry 
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The Wellcome Trust 


THE second report of the Wellcome Trust covers 
the period September 1, 1956—August 31, 1958 
(Pp 724-3 plates London The Wellcome Trust, 
1959), m which £1,059,919 was allocated by the 
Trustees, compared with £1,170,164 m the twenty 
years 1937-56 covered by the first report The 
fourth and final report on the findings of the Well- 
come Marston Archeological Research Expedition 
to the Near East, published in June 1958, deals 
further with excavations undertaken by the late 
Mr J L Starkey and others at a mound known as 
Tell el-Duwier, about half-way between Jerusalem 
and Gaza Total expenditure by the Trustees on 
the Lachish expedition, meluding costs of publication, 
has amounted to £35,496 During the period 1956-58 
grants made in aid of research 1n human and anımal 
medicine and the contributory sciences have totalled 
£925,357 In makmg these grants the Trustees have 
followed thew previous policy of supporting enter- 
prises the merits of which were endorsed by the best 
available scientific opimion, but which hart not hitherto 
received the help they needed Priority was given to 
tropical medieme, pharmacology, pharmacy, thera- 
peuties, vetermary medicine and the history of 
medicine The report contams a full lst of research 
grants and of travel grants durmg the period Travel 
grants were made to 167 research workers, expendi- 
ture mereasmg from £11,410 m 1955-56 to £20,022 
in 1957—58 and ın addition five block grants were made 
to the organizing committees of imternational con- 
gresses or of smaller specialist symposia abroad, 
bringing the total expenditure to £42,175 on 257 
persons m the period The Trustees have also mst- 
tuted a system with the Carlsberg Foundation of 
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'Carlsberg-Welleome Travelling Research Fellow- 
ships’ to encourage friendly co-operation on an 
exchange basis between Danish and British research 
workers in sciences bearmg on human and anımal 
medicine and two fellowships were awarded in each of 
the academic years 1957-58 and 1958-59 Capital 
grants for building projects during the period amounted 
to £543,500, with a further £115,160 to assist medical 
research libraries and museums, which included 
some buildmg projects, and a further £171,065 
allocated for expenditure on major items of research 
equipment In support or endowment of senior re- 
search posts the Trustees allocated £72,983, and to- 
wards various grants for research expenses and assis- 
tance, £25,107 New grants totaling £3,932 were 
made for work in the history of medieme and £957 
to assist other scientific publications A grant 
was made to the Royal College of Physicians to 
cover the expected cost of producing a new edition 
of the 1928 Harvey film, by the use of colour photo- 
graphy, synchronized sound-track, animated dia- 
grams and other appropriate improvements of 
cinematographic technique 


English Rural Life 


THE Report of the Museum of English Rural Life 
for 1958 (University of Reading Museum of English 
Rural Life—Report 1958 Pp 24 Reading The 
University, 1959 Is) is far from formal, for ıt 
includes, m fact 1s mamly devoted to, a summary of 
the principles of display m a museum This part 1s 
contributed by Miss Margaret Fuller and Mr C A 
Jewell and is of mterest and value to all museum 
curators especially those who deal with the difficult 
problem of exhibitmg folk-hfe materal In this 
report the policy of the Museum m relation to other 
regional museums 1s more clearly defined than 1t has 
been in the past and ıt 1s noted that ıb states iis 
major task to be the formation of & national archive 
of mformation on all aspects of country life It 1s 
hoped that 1n the future a considerable proportion of 
the objects m the Museum will be available to 
supplement other collections or to form the nucleus 
of new folk sections. 


Genetical Effects of Population Subdivision 


P A P MonaN has advanced a theory relatmg 
to some genetical effects of population subdivision 
(Aushahan J Bol Sc, 12, 9, 109 (1959)) The 
genetical effects of the subdivision of a population 
mto partially isolated subgroups are considered in 
two particular cases In the first a probability model 
is studied in which the subpopulations are of finite 
sze with migration between them In the absence of 
selection, the asymptotic rate of progress to homo- 
zygosity 1s shown to be verv little affected by the 
subdivision In the second case a determmustic model 
is studied m which there are two subpopulations in 
which selective forces are equal and opposite. A 
stable dimorphism 1s then shown to exist if there 1s 
any small amount of mtermigration 


Fine Structure in Cells 


G Setterfield, H Stern and F B Johnston have 
given an account of the fine structure in cells of pea 
and wheat embryos, based on observations using 
phase-contrast and electron microscopes (Canadian 
Journal of Botany, 37, 65 (1959)) The amm was to 
provide a basis for relating biochemical data on 
isolated cell fractions with the cytological structure 
an situ Pertment observations include the following 
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The nucle: of all cells were similar, showing nuclear 
membranes, chromosomes, and prominent nucleoli 
The cytoplasm contained highly developed structure 
which presumably reflected the meipient growth 
condition of the cells Several cytoplasmic components 
were common to both embryos small dense granules, 
endoplasmic 1eticulum, mitochondria, proplastids, 
amyloplasts, irregular bodies, plasma membranes, 
and plasmodesmata The small dense granules, pre- 
sumably ribonucleoprotein paiticles, occurred pro- 
fusely, both free and in association with extensively 
developed endoplasmic reticulum These particles 
are probably responsible for the microsomal fractions 
obtamable from embryos and seedhngs The mito- 
chondria were usually relatively small (0 25-0 5u 
diameter) although gioups of very long (5u) ones 
were occasionally found Bodies resembling muto- 
chondria in size and shape, but lacking cristae, were 
present and represent either mmature mitochondria 
o» proplastids Reserve material occuried as starch 
im structurally complex amyloplasts and possibly as 
proteim in the wregulai bodies In addition to these 
structures cells of the wheat embryos remote from 
the meristems contained promment cytoplasmic 
bodies classified as ‘dense’ and ‘thick-walled’ The 
dense bodies probably 1epresent stored lipids while 
the sigmficance of the thick-walled bodies, which 
showed a variety of forms, 1s unknown 


Rafflesia in Sumatra 

AMONG the genera of plants which might well be 
described as wonderful, if not odd, Raflesia must 
surely be accorded a leading place Some thirteen 
species were recorded by Koorders m 1918 for the 
whole of the Malaysian region , but ıt now appears 
that some of this investigator's views may require 
revision W Meyer (Ann  Bogorwnses, 3, 1, 33 
(1958)) has now added further mformation on Raflesia 
arnold as observed by himself and colleagues in 
West Sumatra From an exammation of the literature 
and the material preserved m the Herbarium Bogor- 
lense, as well as from his own observations, he has 
concluded that the Rafflesia species ın question 18 
identical with the origmal R arnolde of Robert 
Brown (1822) and that ıt occurs m both Central and 
South Sumatra Its taxonomie position is discussed, 
and the author pomts out that R tuan-mudae Bece 
from Borneo 1s very closely related to, and may even 
be conspecific with, R arnold) R Br , and that the 
key given ın Koorders’s monograph ıs incorrect as to 
the distinction between these two plants Some 
information concerning other Raflesia species occur- 
ring on Sumatra 1s also given Observations on the 
growth-rate, mortality of the buds, and the possible 
mode of distribution of the seeds are recorded It 
is now estimated that the entire cycle from seed to 
seed takes approximately 44-5 yr 


Soil Basidiomycetes 


J H Warcup has contributed the results of an 
investigation on the isolation of basidiomycetes from 
the soul (Trans Brit Myc Soc, 42, 1, 45 (1959)) 
Whereas extensive series of dilution and soul plates 
from wheat-field and pasture soils failed to reveal 
these fungi, they were isolated from roots, and from 
hyphae, rhizomorphs, and sclerotia picked out from 
sod Over a three-year period, no basidiomycete 
fruetifications were found in the wheat-field although 
isolations from soil and roots showed that the field 
had an abundant and varied population of basidio- 
myeetes While fructifications were obtamed from 
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the pasture, the species thus seen fruiting were dif- 
ferent from those isolated from soil and roots, indicat- 
ing that the population was more varied than the 
fruetifieations alone would suggest Some of the 
basidiomycetes were mduced to form fructifications 
1n culture 


Histological Localization of Peroxidase 


D S. Van Frept (Canadian J Bot, 37, 8, 449 
(1959)) has observed that peroxidase 1s detectable m 
all tissues but 1s most reactive m the basophilic cells 
of the histogens Oxidation of applied phenols and 
amunophenols by peroxidase produces quinones and 
qunonednumunes that are adsorbed by nucleic acids 
and other basophilic substances in the formative 
centies of primordia Localized reactions for peroxi- 
dase occur in the axils of leaf primordia prior to bud 
formation and on the surface of apical meristems in & 
spual pattern markmg the ponts for the future 
development of leaf primordia Peroxidase ıs 
detectable ın advance of or accompanymg cell division 
and declines after the division phase, dechne of 
peroxidase at the end of the division phase 1s related 
to the increase of phenols, naphthols and phenolases 
Peroxidase declines in all tissues with the exception 
of the phloom, a continuous poroxidase system in 
the phloem connects primordia with adult tissue 
The hypothesis 1s offered that the cellular units of 
the phloem peroxidase constitute a continuous 
system between primordia and adult tissue and are 
functional in catalysmg the reduction of hydrogen 
acceptors essential to cell division and the initiation 
of pirmordia 


Oxidation of Krebs Cycle Acids by Apple Tissue 


M D Hatch, J A Pearson, A Millerd and R N 
Robertson, m a study of the oxidation of Krebs 
cycle acids by tissue slices and cytoplasmic particles 
from apple fruit (4ustrahan J Bol Scr, 12, 2, 
167 (1959)), pomt out that it has hitherto been 
difficult to demonstrate the Krebs cycle m either 
cytoplasmic particles or tissue slices obtaimed from 
apple frut In the present mvestigation, evidence 
was obtamed for the operation of the classical Krebs 
cycle-cytochrome oxidase respiratory system m cut 
tissue and mitochondria from Granny Smith apples 
The respiration of cut tissue mereased when either 
citrate, «-ketoglutarate, succinate, malate, fumarate, 
or pyruvate were added Both the endogenous and 
acid-stimulated respiration were inhibited by malon- 
ate, cyanide, and azide The rapid oxidation of Krebs 
cycle acids by cytoplasmic particles from apple flesh 
was also demonstrated These particles showed cyto- 
chrome oxidase activity and contamed a succinoxidase 
system dependent on cytochrome c 


Radiation in Industry 

ARTHUR D LITTLE, Inc , undertook durmg 1958 a 
study of the anticipated need for high-level radiation 
sources and their potential uses in ndustry, on behalf 
of the CEM group of companies (Emerson Radio 
and Phonographic Corporation, General Airline and 
Film Corporation, and Revere Copper and Brass, 
Ine) and the General Electric Company's Hanford 
Atomic Products Operation A summarized version 
of the firm’s report was given by S E Eaton and 
M Michaels at the seventh annual conference of 
Atomic Energy m Industry (Radiation a Tool for 
Industry Pp 1+28 Cambridge, Mass Arthur D 
Little, Ine, 1959), held by the National Industrial 
Conference Board, Inc, at Cleveland, Ohio, durmg 
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April 8-10, 1959 The study was restricted to a 
survey and analysis of the available technological 
data and consisted of an examination of some 2,500 
articles published durmg the past ten years and a 
series of some 330 interviews with leading workers in 
the field The pattern of current mdustrial activity 
m the applications of penetrating high-mtensitv 
ionizing radiations , present-day radiation costs , and 
radiation applications to chemicals and petroleum, 
to polymers, to pharmaceutical products, medical 
supplhes and food, to power sources, and to muscel- 
laneous substances such as semiconductors, are 
separately discussed Much basic work has been done 
on xelatively simple systems, but more research on 
basic reaction mechanisms and more and better 
research equipment are required There is a con- 
siderable lack of knowledge both among industrial 
scientists and by the general public on the subject of 
radiation, its benefits, and the safeguards against its 
possible hazards Future long-term research on the 
effect of radiation on systems held at very low tem- 
peratures and very high pressures , the development 
of new techniques in solid catalyst activation, and 
the study of the usefulness of low-energy radiation 
in the 1-1,000 eV range, are some of the recom- 
mendations in the report It is emphasized that 
work up to date has been largely empirical, that 
possible unique features of radiation applications 
have not yet been fully explored, and that even radia- 
tion engmeermg is relatively undeveloped and 
radiation economics uncertain 
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Nobelium Research 


In 1957 P R Fields and others reported the 
production at Stockholm of an isotope of element 
102 ın experiments in which eurium targets were 
bombarded with cyclotron-accelerated 104+ ions 
(Nature, 180, 1010 and 1012, 1957) Two other groups 
have since reported experiments on the production 
of element 102 At Berkeley, A Ghiorso e£ al 
bombarded curmm with carbon-12 and earbon-13 
10ns accelerated m Halac, but did not observe the 102- 
isotope reported by Fields et al They detected and 
identified the presence of the isotope 254102 which 
has a half-life of three seconds In Moscow, G N 
Flerov and co-workers, by bombaiding plutonwm-241 
with 1°05% ions, observed a short-lived product 
emitting long-range alpha particles with an energy 
of 8 8 + 0 5 MeV which they ascribe to an isotope 
of element 102 Because of the negative results at 
Berkeley, Fields and his co-workers have recently 
made a thorough re-exammation of therr experimental 
data, and then comments and discussion on the 
Berkeley and Stockholm experiments are given m & 
paper in the Arkw for Fysik, 15, 225 (1959) They 
conclude that though their earlier mass assignment 
made m 1957 seems now less certam, nevertheless 
them re-examination has not led to any new con- 
clusions regarding the imterpretation of their results 
It is felt that Judgment on the discovery of the 
element 102 should be reserved unti additional 
experimental studies, moeludmg the properties of 
neighbourmg nuclides, have been carried out 


Borden Award of the Nutrition Society of Canada 


TuE Nutrition Society of Canada has announced 
that the Borden award of the Nutrition Society of 
Canada will be given annually m recognition of out- 
standing research work done by one of 1ts members 
The first award will be made m June 1960 The 
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recipient of this award, which has been presented by 
the Borden Company Foundation, Inc, must be 
under the age of forty years and must have published 
the meritorious work withm the preceding three 
years It is hoped that this award will further 
encourage research activities by younger members of 
the Society 


Lady Tata Memorial Trust 


Txx Trustees of the Lady Tata Memorial Trust, on 
the recommendation of the (European) Setentific 
Advisory Committee, have made the followmg 
awards for research on leukemia and allied diseases 
in the academic year begmning October 1, 1959 
Giants for Research Expenses Dr M Bessis (France), 
Centre National de Transfusion Sangume, Paris, 
Dr B M Braganca (India), Indian Cancer Re- 
search Centre, Bombay, Prof G Klem (Sweden), 
Karolmska Institute, Stockholm, Dr J Pontén 
(Sweden), Pathology Institute, Uppsala, Dr M 
Simonsen (Denmark), Institute of Pathological 
Anatomy, Copenhagen, Dr A E Stuart (Scotland), 
Department of Pathology, University of Edmburgh , 
Scholarsheps Dr J Hastrup (Denmark), Institute 
of General Pathology, Aarhus, Dr E Kelemen 
(Hungary), Postgraduate School of Medicine, Buda- 
pest, Dr P A Pillai (India), Centre de Microscopie 
Electronique, Lausanne, Switzerland 


Paul Instrument Fund Awards 


AWARDS by the Paul Instrument Fund Com- 
mittee of the Royal Society have been made as 
follows £1,000 to Dr H B Barlow, assistant 
director of research, Department of Physiology, 
and Mr P E K Donaldson, technical officer, 
Physiological Laboratory, Cambridge, for the develop- 
ment (a) of a device for automatically improving 
coding of messages, and (b) of a diffused storage 
sequence engine, the object bemg to advance know- 
ledge of the operation of comparatively simple 
assemblies of nerve cells by making instiuments 
which perform the same task as such assemblies, 
£600, in supplement of a previous grant, to Dr E T. 
Hall, senior research officer at the Research Labora- 
tory for Archzology and the History of Art, Oxford, 
for improvements to an apparatus with which 
magnetic measurements may be made with the view 
of dating archeological material, £2,000 to Dr H 
Motz, reader in engineering science, University of 
Oxford (in association with Prof G B Walker, 
professor of electrical engineermg, Essex College, 
Assumption University, Windsor, Ontario), for the 
construction of a Imear accelerator working at 
16cm (J-band), £5,500 to Prof R O Redman, 
professor of astrophysics in the University of Cam- 
bridge, for the construction and testmg of a thin 
astronomical mirror of plate glass and of a new type 
of support system , £5,900 to Dr P M B Walker, 
Royal Society Research Fellow, Department of 
Zoology, Ashworth Laboratory, University of Edm- 
burgh, for the construction of a new mucrospectro- 
photometer that will mtegrate over a defined but 
irregular area which can be altered quickly and 
easily 


Grant for the Massachusetts Institute of Tech- 
nology 
Dr Junius A STRATTON, president of the 


Massachusetts Institute of Technology, announced 
recently that the Institute had received a gift of 
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2,527,500 dollars (about £900,000) from Mr and Mrs 
C H Green of Dallas, Texas This represents the 
March 31 market value of 30,000 shares of stock of 
Texas Instruments Ine , ın which form the gift was 
made The money will be used to construct a 
multi-story buildmg on the Institute site, and will be 
a centre for the study of Earth sciences Laboratories 
for research work in geophysics, meteorology, oceano- 
graphy and related fields will form an umportant part 
of the new buildmg 


University News: London 


Dr P Groorrnuuis, lecturer at the Imperial 
College of Science and Technology, has been appomted 
to the University readership 1n mechanical engmeermg 
tenable at that College The title of reader m 
sociology m the University of London has been 
conferred on Mr T B Bottomore, in respect of 
his post at the London School of Economics and 
Pohtical Science The title of professor emeritus 
m the University has been conferred on Prof 
R J S McDowall on his retirement from the Halh- 
burton chair of physiology at King’s College , Prof 
Margaret M A Murray on her retirement from the 
chair of physiology at Bedford College, Prof J H 
Woodger on his retirement from the professorship of 
biology at the Middlesex Hospital Medical School, 
and Prof H J Collins, on his retirement from the 
Chadwick chai of civil engmeering at University 
College 


University College of Rhodesia and Nyasa'and 


Mr W Lrovp Jenkins has been appointed lecturer 
in the Department of Chemistry with responsibility 
for teachmg agricultural chemistry Previously he 
was a lecturer in agricultural chemistry in the 
University College of Wales, Aberystwyth 


The Night Sky in October 


New moon occurs on Oct 2d 12h 31m v7, full 
moon on Oct 16d 15h 58m, and new moon on 
Oct 31d 22h 41m The following conjunctions with 
the Moon take place Oct 6d 00h, Jupiter 4° S, 
Oct 8d 05h, Saturn 5? S , Oct 28d 14h, Venus 
09°N In addition to these conjunctions with the 
Moon, Venus ıs m conjunction with Regulus on Oct 
Id 08h, Venus being 5 7? S, and Mercury with 
Spica on Oct 4d 09h, Mercury bemg 21°N There 
will be a total eclipse of the Sun on October 2, 
visible as a partial eclipse at Greenwich The path 
of totahty begins at sunrise on the eastern seaboard 
of the United States, crosses the North Atlantic, 
Canary Islands and North Africa, ending in the 
western Indian Ocean at sunset The partial eclipse 
which will be seen at Greenwich begins at 11h 0lm, 
reaches its greatest magnitude of 0 33 at llh 58m 
and ends at 12h 56m The eclipse belongs to a 
series which began in 1599 Mercury ıs too close to 
the Sun for observation Venus 1s a morning star, 
rising at 2h 55m, 2h 30m and 2h 35m on October 
1, 15 and 31, respectively Its stellar magnitude is 
approximately —4 3, greatest brilliancy is reached 
on October 8 Its distance imcreases durmg the 
month from 36 to 55 milion miles and the visible 
portion of the apparent disk increases from 0 211 to 
0 443 Mars 1s too close to the Sun for observation, 
conjunction bemg on October 29 Jupiter ıs also too 
close to the Sun for observation. Saturn sets at 21h 
20m, 20h 25m and 19h 30m on October 1, 15 and 
31, respectively Its stellar magnitude ıs +0 8, it 
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remains in Sagittarrus Occultations of stars brighter 
than magnitude 6 are as follows, observations bemg 
made at Greenwich Oct 10d 20h 13 4m,7Cap m 
(D), Oct 17d 20h 04 4m, č An (R), Oct 20d 
23h 35 1m,318B Tau (R), Oct 21d 23h 38 6m, 
130 Tau (E), Oct 28d 4h 22 Om, 58 Leo (R) D 
and E refer to disappearance and reappearance, 
respectively The Giacobmuids are actrve on October 9 
and the Orionids durmg the third week of the month , 
conditions for both are unfavourable 


Announcements 


LORD NETHERTHORPE, president of the National 
Farmers’ Union, and Prof F W Rogers Brambell, 
professor of zoology 1n the University College of Noith 
Wales, Bangor, have been appointed to fill vacancies 
m the membeiship of the Agricultural Research 
Council caused by the retirement of Sır Solly Zucker - 
man and Mr Frank Rayns 


Dr A G Ogston has resigned from the chairman- 
ship of the Editorial Board of the Biochemical Journal 
and the Commuttee of the Biochemical Society has 
appointed Dr W V Thorpe as his successor 
Correspondence and communications should still be 
sent to the Secretary to the Editorial Board, Lister 
Institute of Preventive Medicine, Chelsea Bridge 
Road, London, S W 1 


THE following officers of the Association of Con- 
sulting Scientists have been elected. | Chawman, 
Dr J G Davis, Hon Treasurer, Dr G W Fer- 
guson, Hon Secretary, Mr W  H Stevens, 15 
Hawthorne Road, Bromley, Kent 


A MEETING will be held on October 31 at the 
University of Nottingham with the object of forming 
a Society for Forensic Science Further information 
ean be obtained from Mr S8 S Kind, 18 Hall Lane, 
Harrogate, Yorkshire 


THE eighth German Plastics Convention will take 
the form of an International Symposium on the 
Ageing of Plastics , 16 will be held durmg October 19— 
21 at Dusseldorf, Germany Further information 
can be obtamed from the Arbertsgememschaft 
Deutsche Kunststoff-Industrie, Frankfurt (Main), 
Karlstr 21 


THe German Society for Electronmicroscopy 1s 
holding a conference on various aspects of electron- 
mucroscopy at the Departments of Pathology and 
Anatomy, Albert-Ludwigs-University, Freiberg ım 
Breisgau, Germany, during October 18-21. Further 
information can be obtained from Tagung der 
Deutschen Gesellschaft fur Elektronenmikroskopie 
e V Pathologisches Institut der Universitat, Freiburg, 
Albertstr 19 


THE City of London College, ın collaboration with 
the Plastics Institute, has arranged a series of eight 
lectures on plastics which will be given on successive 
Mondays at the College, commencing on October 5 
Further mformation can be obtained from Mr A 
Fawthrop, head of the Department of Shipping and 
Commercial Products, City of London College, 
London EC 2 


ERRATUM The author of the communication 
“Appearance of Granules m the Cytoplasm of Tumour- 
cell Cultures ın Contact with Lysozyme” in Nature of 
July 18, p 202, ıs Mrs Durce Babudieri Callerio, 
and not Prof Carlo Callerio as printed 
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FLUCTUATION PHENOMENA AND STOCHASTIC PROCESSES 


HE theory of probability developed as a branch 
of pure mathematics Its applications to physics 

have now become so widespread that there 1s scarcely 
a branch to which ıt does not contribute sigmficantly 
During the nmeteenth century the establishment of 
the statistical nature of the second law of thermo- 
dynamics, the resolution of the mreversibility paradox, 
and the development of the powerful technique of 
statistical mechanics were all the result of applymg 
statistical methods to an atomic population In the 
twentieth century the wave-particle paradox was 
solved by rootig atomic physics ın the theory of 
probability At a less fundamental level, Brownian 
movement, diffusion and radio noise are physical 
phenomena the character of which 1s essentially 
stochastic , and radio-wave propagation, sea waves, 
nuclear reactors and polymer physics are examples 
of fields m which stochastic problems have recently 
attiacted considerable attention 

The apparatus of the mathematician has been 
accepted with gratitude by the physicist generating 
functions and characteristic functions for manipu- 
lating probability distributions , generalized Fourier 
analysis mntioduemg autocorrelation functions, and 
leadmg to the Wuiener-Khmtchme theorem for 
fluctuation phenomena stationary in time In return 
the physicist has continually thrown up a variety of 
novel problems to challenge the mgenurty of the 
mathematician and mamtam his mterest 

The two-day conference of the Physical Society on 
“Fluctuation Phenomena and Stochastic Processes", 
held at Birkbeck College on March 19 and 20, 
attracted research workers m many different fields 
Altogether, twenty-nme papers were presented , 
most of the participants were British, although con- 
tributions also came from the United States, Canada 
and Norway 

In his opening remarks of welcome, Prof J D 
Bernal (Birkbeck College, London) pomted out that 
physics had learnt to deal adequately with the com- 
pletely regular, and the completely random, ıt was 
the partially regular which still awaited treatment 
The nature of the lquid state, and biophysical 
problems connected with the structure of large 
molecules, were ımportant examples of this 

In the openmg paper, Prof M S Bartlett (Univer- 
sity of Manchester) reviewed the various types of 
statistical fluctuations which occurred m physics, 
and attempted to classify them in order of relative 
size In spite of the existence of occasional abnormal 
fluctuations, macroscopic averages 1n classical statist- 
ical mechanics had a ‘stability’ resulting from the 
large number of component systems mvolved The 
measurement of time and space averages for phen- 
omena such as turbulence and random surface waves, 
on the other hand, made use of the ergodic properties 
of some stationary processes A farly general 
‘weighted sum’ type of process occurring in noise and 
Brownian motion theory was defined, together with 
the conditions for statistical ‘stability’ Finally, 
there was the class of possibly exponentially m- 
creasing and unstable multiplicative (branching) 
processes such as nuclear cascades 

Dr R Furth (Birkbeck College) gave a compre- 
hensive paper entitled “Fluctuations of Macroscopic 


Parameters” Macroscopic parameters č, were 
operationally defined in finite regions As, of space 
and finite intervals At, of time of such magnitude 
that irregular fluctuations could be observed super- 
imposed over the regular quasi-continuous functions 
Er) The theory of these fluctuations was mainly 
concerned with the determmation of the second 
moments of the temporal fluctuations of the para- 
meters & m a fixed As, and of the spatial fluctuations 
m one and the same At It was a characteristic 
feature of the theory that these moments could be 
expressed in terms of the macroscopic functions, 
(rb), and that only some very general statistical 
properties of the random molecular processes respons- 
ible for the fluctuations needed to be known 

In the temporal problem the correlation functions 
of the type os(t) = [E TE t + 1)];/(&E5)s could be 
calculated by making use of a generalized ‘Langevin 
equation’, ın the limiting case of + = 0 the second 
moments (£:5,;), might be obtamed under conditions 
of statistical stationarity from statistical mechanics 
This latter procedure could be applied to the problem 
of fluctuations of stram and stress in erystalhne 
solids 

In the problem of spatial fluctuations the samo 
method of statistical mechames could be used 
for evaluatig the spatial correlation products 
[&(r)E;(m + t) of two parameters m two regions 
(As), and (As), na homogeneous medium, separated 
by a distance € under conditions of *quasi-station- 
arity’, that is, when in spite of the finite Speed 
of propagation of the interaction processes the 
values £(%) and Éj,(r + č) could be assumed to bo 
simultaneous to a sufficient degree of approximation 
This method could be used to obtam formule for the 
fluctuations of electric charge and potential m a 
discontmuous system of conductors » and had been 
apphed by E Morris to the problem of fluctuations 
of surface charge density on the surface of a single 
continuous conductor, and the fluctuations of 
potential on and outside rts surface 

Finally, the general problem of spatial fluctuations 
could be reduced to that of temporal fluctuations in 
such cases where the relevant Langevin equation had 
the character of a wave equation. This method was 
used by M N Moore for the solution of the problem 
of spatial fluctuations of strain and stress in crystalline 
solids 

Several papers dealt with the mathematical prop- 
erties of stochastic functions, and with their applica- 
tion to the analysis of experimental data Mr D G 
Brennan (Massachusetts Institute of Technology, 
Lincoln Laboratory) m a paper entitled “A New 
Approach to Certam Types of Random Functions” 
developed ab «tio a theory of a class of stochastic 
processes which he hoped would have application to 
certain types of physical problem Mr M B Priestley 
(University of Manchester) considered the problem 
of detecting a signal contammg several harmonic 
components m the presence of background noise 
When the noise had a uniform spectrum the appro- 
priate quantity for pickmg out the harmonic terms 
was the periodogram But when the spectrum of the 
noise was non-uniform this could no longer be used, 
and he proposed a method of analysis based on the 
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tail of the auto-correlation function he also showed 
how a significance test could be constructed 

Mr B Landmark (Norwegian Defence Research 
Establishment) dealt with the provision of a stringent 
test for the Gaussian character of a given noise signal 
An amplitude test was usually msufficient, and he 
suggested usmg the simultaneous variations m 
amplitude and phase This had been applied experi- 
mentally to the scattermg from ionospheric clouds’, 
and the results were in good agreement with those 
to be expected for Gaussian noise 

Dr L Mandel (Imperial College of Science and 
Technology, London) gave an interesting example of 
a problem m which the approach of the quantum 
theory produced a substantial simplification The 
distribution of the integral, Er, over a time interval 
T of the square of random noise was quite com- 
plicated, and some of its properties had been deduced 
by Rice? If we interpreted the noise as arising from 
an electromagnetic wave, Ep was proportional to the 
energy contamed in a length cT' of the wave train 
Bose-Eimstem statistics could be applied to the 
photons m this region, and the resultmg probability 
distribution could be determined more readily 

The statistics of radioactive decay was the subject 
of a communication by Mr A C Hughes He was 
concerned with testing fluctuation theory for short- 
lived substances, that 1s, those with half-lives short 
compared with the tıme of observation Experiments 
had been performed with an isotope of rhodium 
(half-hfe 44 sec), and two isotopes of silver (half- 
lives 24 sec and 23 mm); the agreement with 
theory was good 

Dr M N Moore (Bukbeck College) spoke on the 
“Stochastic Kinetics of Nuclear Reactors” It could 
be shown that the square of the modulus of the 
reactor transfer function was proportional to the 
Fourier transform of the auto-correlation function 
for power noise in the reactor | Since the power 
noise 1epresented the response to the mmmmum power 
mput signal, measurements of transfer functions 
based upon 1eaetor noise were of all possible measure- 
ments least subject to non-hnear distortion By 
performmg the experiment at various power-levels 
and temperatures, 1t was possible to measure both 
power and temperature coefficients? 

Some examples were given of new problems in 
probabihty whieh had been suggested by physical 
phenomena Prof C Domb (King’s College, London) 
said that if one wished to understand what was 
happening in a regular solution, one must study tts 
fluctuation properties, or the distribution of clusters 
of different sizes and shapes as a function of tem- 
perature Even for a purely random mxtwe this 
was very difficult, although one could readily estab- 
lish a difference m behaviour m one, two or three 
dimensions ‘Thus for a 50 50 mixture if one con- 
sidered clusters of up to 5 atoms, 88 per cent of the 
total number were accounted for m one dimension, 
17 per cent m two dimensions and only 2 per cent m 
three dimensions A critical probability entered m 
these problems ın the same manner as those studied 
by Hammersley* 

Dr M E Fisher (King’s College, London) discussed 
the shapes and sizes of polymer and polyelectrolyte 
molecules which seriously affected properties like 
viscosity We should be greatly assisted in this field 
by a knowledge of the properties of non-intersecting 
random walks on lattices These walks were non- 
Markovian and them behaviour probably differed 
essentially from Markovian walks The only property 
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which had been rigorously established? was that Ca, 
the total number of walks of n steps, was asymp- 
totically of order u” Some conjectures on the value 
of u for a quadratic lattice had been rigorously dis- 
proved* The subject suffered seriously from a lack 
of theorems of the ‘central limit’ knd Dr M F 
Sykes (King’s College, London) dealt with methods 
for the practical determmation of parameters in 
self-avoidmg walks Monte-Carlo methods had been 
used extensively by Wall and his collaborators’, but 
Sykes and his colleagues had preferred to determine 
the properties exactly for finite values of n, rather than 
to attempt asymptotic extrapolation When n was 
larger than about 10, irregular variations were small, 
and one could put forward the results with con- 
fidence He estimated that for a quadratic lattice 
Cn ~ ni y^, where p ~ 2 640 (with a probable error 
<i} per cent) Also there was strong evidence that 
if p, 18 the number of simple closed polygon walks of 
n steps, then py!” — y 

Mi J M Hammersley (Atomic Energy Research 
Establishment, Harwell) spoke on ‘Percolation 
Processes’? These differed from diffusion processes 
in that the random mechanism was in the medium 
instead of the flud Practical examples of per- 
colation processes were molecules penetrating a 
porous solid, or disease infecting a community The 
processes could be studied ın crystals or mazes, and 
the mathematics was more difficult than that of 
diffusion processes It was possible to show mgorously 
that critical probabilities existed for crystals below 
which, for example, a fluid starting m one part of 
the medium would not spread to infimty Upper and 
lower lımıts had been established theoretically for 
these probabilities, and Monte-Carlo methods had 
been successfully used io estimate them 

It was not suprising to find several papers devoted 
to the random walk problem and Brownian move- 
ment Dr P H Roberts (King’s College, Newcastle) 
spoke on the “Random Walk on a Sphere" He was 
concerned with the geological problem of the path of 
the Pole as indicated by rocks Other work in this 
field had assumed a lattice model, and a planar 
distribution’? With the mathematical help of H D 
Ursell, he had used the correct distribution for a 
sphere, which, incidentally, differed appreciably fiom 
the distribution given by R A Fisher? 

The effect of persistence on a random walk was 
discussed by Mr A J Allnut In problems such as 
multiple scattermg m foils the assumption that all 
directions of scatter were equally probable after 
collision was invalid, ıb was necessary to take mto 
account persistence m the initial direction, and 
formule for the mean and mean square deviation 
could readily be derived Mr J C Barton (Northern 
Polytechnic, London) described an experimental 
method of simulatmg a one-dimensional random 
walk This was a problem in which an analogue com- 
puter could be of value and could provide mformation 
on fist passage times for a random walk with per- 
sistence® (In the discussion Prof Bartlett pomted 
out that theoretical formule for first passage times 
were available for all Markoff processes ) 

Dr A R Stokes (King’s College, London) in his 
paper on “Light Scattermg by Semrstif Cham 
Molecules” referred to a different application of an 
analogous problem The distribution of the end-to- 
end distance of a flexible chain was Gaussian , stiff- 
ness in the chain restricted the freedom of the angle 
between successive links, and modified this dis- 
tribution, thus influencmg the  hght-seattermg 
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properties The modified distribution had been 
calculated by Daniels, but he had found a simpler 
approach by usmg the Fourier transform of the 
end-to-end distance The results could be expressed 
m a form suitable for practical calculation 

The Brownian movement of non-lnear systems 
was discussed by Dr D K C MacDonald (National 
Research Council, Ottawa) Many problems m this 
field still awaited solution Some results of his own 
approach™ had been substantiated by R O Davies!2, 
although there was some disagreement with van 
Kampen", who mamtaimed that the distribution of 
fluctuations was Gaussian even for non-linear Sy8- 
tems Dr MacDonald mentioned that he had 
corresponded with Emstem, who agreed that the 
statement ın his early work on the Gaussian nature 
of the distribution needed reconsideration 

Dr A Suddaby (Sm John Cass Collegé, London) 
discussed the relation between the microscopic 
theories of transport processes developed by Kırk- 
wood, and the macroscopic theory of Brownian 
movement In the course of his development, Kırk- 
wood introduced a friction constant B which was an 
integral up to tıme « of the correlation of the total 
force on the particle at different times The analogous 
constant in Biownian movement theory was determ- 
ined by the correlation of the fluctuating force in the 
Langevm equation These two values could be 
shown to agree provided Brt < 1 

Dr E R Wooding (University of Sheffield) pre- 
sented a paper on “Recombination in a Plasma as a 
Stochastic Process" The rate at which tons of 
opposite charge diffused together was obtamed by 
applying Kramer’s method to solve Smoluchowski’s 
equation for diffusion m a field of force Charge 
tiansfer was assumed to occur after the ions 
approached to withm a distance where they could 
enter a bounded orbit Anion or atom m the viemity 
of an orbit influenced the recombination coefficient 
The resulting function was dependent on the degree 
of ionization, but was sumilai to that obtaimed by 
Thomson at low pressures, and changed to Jaffe/s 
1elationship at high pressures if the 10nization was 
low 

Dr G Wylhe (University of Glasgow) discussed 
the Browman motion of spin systems There were 
two sources of mteresb m this problem, rts neatness 
as @ model for irreversible processes m quantum 
mechanics, and the experimental interest m nuclear 
magnetic resonance expermnents If one focused on 
individual spms, relaxation times were of the order 
of mulhseconds, whereas for the whole spm system 
they ranged up to hours By manipulating electro- 
magnetic fields the spin system could be thrown mto 
conditions far from the Boltzmann distribution The 
fluctuating interaction between spins revealed itself 
in the shape of the magnetic resonance absorption 
line 

A group of papers was concerned with stochastic 
problems arısıng in radio physics Mr J A Rat- 
cliffe (University of Cambridge) gave an introductory 
talk, and discussed some problems associated with 
the Fresnel diffraction patterns formed by an 
assembly of random irregular drffiacting screens 
It was well known that, if the correlation function 
pr(&) of the complex amplitude f(x) over a one- 
dimensional diffracting screen was defined as 
< f(x) f*(@ + £) >sereen and if g(x) was the com- 
plex amplitude m the diffraction pattern over any 
plane parallel to the screen, then with certam 
reservations or(5) was equal to p,(&) If the screen 
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was statistically stationary over æ and if the 
correlation function (6) was defined as ry(E) = 
< f(x) f*(z, + E) > evaluated at two fixed points 
x, and (zv, + E), then ıt was also true that rg(£) = 
re(E) = oy(E) If, however, the screen was not 
statistically stationary the last ielation was not 
necessarily true 

Mr Ratcliffe considered particularly the non- 
stationary case when the screen f(x) could be de- 
scribed as an assembly of infinitely long random 
screens placed, m succession, in. front of an aperture 
of finite width He suggested that this simple 
example represented approximately the problems of 
the diffraction of (a) radio waves radiated from a 
radio star with a sharp boundary, (b) light waves 
radiated from a source of light placed behind a slit, 
or (c) radio waves reflected from an irregular meteor 
trail of limited length He stated that, 1f the miting 
aperture subtended less than the first Fresnel zone 
at the observing plane, then 7(€) was determined, 
not by the fine structwe ın the screen, but by the 
aperture bounding it If, however, the aperture 
subtended a large number of Fresnel zones then 
rg(E) = r¢(&) and was determined by the fine structure 
in the screen 

Mr S A Bowhil (Pennsylvania State University) 
discussed the scattering of electromagnetic waves 
from a continuous medium contammg three-dimen- 
sional random mhomogeneities of refractive mdex 
He had derived the form of the emerging angular 
power spectrum when the scales of the mhomo- 
geneities were different ın the three space directions 
Contrary to previous results!*, he had found that the 
medium could not be analysed as a series of supel - 
posed thin phase screens, spaced in the propagation 
direction, and with mdependent phase profiles 

Mr M L V Pitteway (University of Cambridge) 
was concerned with reflexion from an mregular 
medium Before proceedmg to a three-dimensional 
solution for iwregularities he thought one should 
obtain a solution for a horizontally stratified 10no- 
Sphere!" and treat the irregularities as a small 
perturbation ‘The power spectrum of the scattered 
wave could then be expressed as an integral m terms 
of the stratified solution Dr B H Briggs (Univer- 
sity of Cambridge) dealt with the experimental 
problem of specifymg the pattern on the ground 
(uncluding time changes and movements) formed by 
reflexion fiom, or transmission through, an nregular 
ionosphere He defined parameters which could be 
used to specify this pattern, and which could be 
deduced from observations at a few points on the 
ground’® As an example, he considered the applica- 
tion to radio star scmtillations Mr R P Meroe 
(University of Cambridge) discussed theoretical 
aspects of radio-wave fadmg A scalar wave with 
random variations of amplitude and phase across the 
wave front was taken as a simple model It was 
assumed that the m-phase and quadiature com- 
ponents of the fluctuatıng part of the field were 
normally distributed, and a parameter was intio- 
duced to specify the mtrmsic correlation of the 
fading Various properties of this parameter could 
be derived, and used to mterpret fadmg from the 
ionosphere 

“Coherence Properties of Partially Polarized Light” 
was the subject of the paper by Dr E Wolf (Univer- 
sity of Manchester) Observing that the usual 
definition of Stokes parameters of a quasi-mono- 
chromatic plane electric wave was not unique, an 
experiment was analysed which led to a unique 
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coherency matrix and to a unique set of Stokes 
parameters The degree of polarization of such a 
wave was also equal to the maximum value of the 
degree of coherence which existed between the 
components of electric vibrations m orthogonal 
directions m the wave front This suggested a new 
method of measurement of the degree of polarization, 
based on interference experiments 

Prof E G Richardson (King’s College, Newcastle) 
referred to expermments on the propagation of sound 
waves m a fluid having random variations m either 
density or momentum, whereby the amplitude and 
relative phase of the signal picked up after trans- 
mission through the medium fluctuated in time The 
former type occurred near the critical point of a fluid 
or of a mixture of liquids, the latter m the atmosphere 
or m the wake of an obstacle or, again, ın a boundary 
layer Analyses of such measurements were presented 
In the case of the liquid mixture a correlation was 
sought between the pattern of the scattered radiation 
and the mean size of the clusters which formed at 
the critical pomt As an example of the second typo, 
frequency spectra of the modulations of the sound 
signal transmitted athwart the wake of a cylmder 
involved the discernmg of peaks ın the spectrum 
agamsb the background of fluctuation ‘noise’ m the 
general flow 

Dr M S8 Longuet-Higgins (National Institute of 
Oceanography) discussed ''Sea-Waves as a Stochastic 
Process” He showed a typical record of pressure 
at a fixed pomt on the sea bed which agreed closely 
with a Gaussian distribution Non-Gaussian features 
usually appeared when the waves were steep and 
near the pomt of breaking, or in shallow water. To 
deseribe the sea surface a random process two 
spatial dimensions and one of time were needed, 
the practical problem for wave forecasting was 
to relate this to winds and other relevant factors 
Dr lLonguet-Higgins also listed a number of 
properties of a Gaussian surface which might 
be of use in determming the spectrum, these 
included wave  slopes?, ‘specular pomts’ and 
‘twinkles’?¢ 

The final paper was grven by Prof E W Montroll 
(University of Maryland) on a stochastic treatment 
of traffic flow Expermental data mdicated that the 
acceleration of a car ın a Ime of traffic at time ¢ was 
proportional to the velocity difference between itself 
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and its neighbour at time (¢ — A), where A ~ 1 5 sec 
and the proportionality constant?! was 0 37 sec-i 
Theoretical investigation showed that the motion 
became unstable when the product of lag time and 
proportionality constant exceeded 1/2 Thus the 
expermnental date showed that driving was usually 
on the verge of instability ‘Acceleration noise’ was 
put forward as a parameter which would characterize 
the driver —car—10ad complex under various con- 
ditions*? Reasonable agreement was obtained with 
traffic flow measurements?* 

The conference was organized at the suggestion of 
Dr Furth, who is to be highly commended on his 
initiative The one hundred participants would 
undoubtedly wish to express ther thanks to him, to 
Birkbeek College, and to the Physical Society for the 
excellent arrangements C Doms 
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BIOMECHANICS 


N April 17 the Institution of Mechanical 
Engineers held à symposium on ‘““Biomechanics”’ 
with the purpose of bringing medical men and 
engineers into closer contact 
Biomechanics, in its broadest sense, may be 
defined as the branch of science which applies the 
principles of mechanics and the techniques of engmeer- 
mg to the human body m the process of rts repair, 
and m the field of man - machme relationship, 
where man is the essential lmx in operating these 
machmes 
The symposium was opened by the President of 
the Institution and the papers and discussion were 
presented under the chammanship of Prof S J 
Davies In the openmg paper on the importance of 
biomechanics as & service to man, illustrated by a 


diseuss.on of problems in metalhe osteosynthesis, 
J M Zarek, from King’s College, London, gave a 
brief account of the nature of biomechanics as a new 
field of endeavour ın which some of the engineermg 
knowledge may be of direct use to the medical man 
The man — machine relationship was only mentioned, 
as thus aspect of biomechanics appears to be already 
well appreciated by the engmeers and was not dealt 
with at the symposium in detail After discussmg 
the scope of biomechanics, the general history and 
curient British activities m this field were reviewed 
Problems of bone repair were considered at length 
and the work m the Cvl Engmeermg Department 
at King’s College, London, on the stress/bone forma- 
tion relationship and the behaviour of metals m the 
human body were discussed 
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In the second paper, R I Tanner, from the Univer- 
sity of Manchester, presented a paper on some tests 
on ‘Fluon’ as a material for artificial anımal joints 
m which results of artificial hip-jomt friction and 
wear are given ‘They are based on the results ob- 
tamed by means of simple pendulum apparatus 
which provides a reasonable approximation to the 
walking motion of a normal person 

A critical review of published work on the nature 
of lubrication m animal jomts was given by John 
Charnley from the Department of Orthopaedics at 
Manchester Further, some of the experiments which 
have been accepted m support of the theory of hydro- 
dynamic lubrication have been repeated by him to 
show that the lubrication of anımal joints is almost 
certamly a boundary phenomenon Charnley 
emphasized that the coefficient of friction of animal 
jomts reaches a very low figure and surpasses in 
shppermess any combmation of sliding surfaces 
known to engmeermg 

A paper on the provision of workable substitutes 
for missing or defective limbs was presented by D S 
McKenzie and Bug N A M Swettenham, from the 
Limb Fittmg Centre, Mmistry of Health, Roe- 
hampton 

lamb fittmg has been essentially a craft until 
quite recently, and many ideas current m the last 
century exist materially unchanged to-day This 
situation 1s now changing as a great deal of research 
work on artzficial hmbs with emphasis on funda- 
mental studies is m progress Some of the problems 
here are very complex The prosthesis has to replace 
a human component but ıt does not necessarily follow 
that 1ts mechanical design should copy that of the 
part ıt replaces Amputation often changes the 
pattern of muscular control and weight bearmg The 
paper also described some of the features governing 
the construction of artificial hmbs Each case has 
to be treated mdrvidually and ad hoe modifications 
have to be made to suit mdividual needs In a 
research field of this nature it ıs difficult to prove 
that a proposed change has merit, and evaluation 
techniques still require much development Some 
devices evoke general acceptance, but more often 
individual responses vary and the type of case for 
which the new idea 1s best swted must be discovered 
Only users can supply the final answer, but they 
cannot give up unlimited time to experimentation 
Objective testing ıs therefore necessary to elimunate 
obvious flaws and shorten user trials 
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INTERNATIONAL STARCH CONVENTION, 


HE mnth annual Starch Convention, which 
took place at the Cereal Research Station, 
Detmold, Germany, during April 21-28, was attended 
by 360 chemists from seventeen nations The papers 
which were read to the meeting were divided into 
four sessions, on research and analysis, starch manu- 
facture, starch fractions and derivatives and on 
industrial applications 
The opening address was delivered by T J Schoch 
(Argo, Illinois), whose theme was the application of 
modern methods of starch chemistry to characterizing 
its useful properties Waxy sorghum starch, which 1s 
comprised wholly of amylopectin, can be given some 
of the characteristic properties of corn starch by 
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Following the presentation of the papers, a film 
entitled “Late Results of Four Massive Internal 
Prosthesis” was shown by A C Bingold and W G 
France Here the authors gave an excellent picture 
of how, through the co-operation of surgeons with 
engineers, instead of amputation, limbs can be saved 
and restored to ther normal use 

The success of the symposium, I thmk, was re- 
flected in the very interesting discussion. which fol- 
lowed and well exceeded the time limit allocated fo: 
this purpose 

The Institution was honoured by the presence of 
Sc Harry Platt, of the Royal College of Surgeons, 
who, 1n opening the discussion, stressed the import- 
ance of interdisciplinary work between the medical 
men and engineers He said that the symposium 
had clearly demonstrated that some of the surgical 
techniques now in use are so complex that 16 15 
impossible for one profession only to solve the prob- 
lems involved 

Dr F C Harper, of the Buding Research Station, 
showed a film and some results obtained m the course 
of studying the forces exerted by the human foot ın 
walking, the emphasis there being on the wear resist- 
ance of floor surfacmg materials 

Dr J D Moreland and Mr S J Thurlow, of the 
Road Research Laboratory, discussed ther mvestiga- 
tions mto the problems connected with roads crash 
injuries 

Mr E H J Smyth, an orthopedic surgeon fiom 
the Southampton and Isle of Wight Hospital Groups, 
presented im a very interesting manner his views 
on the functional significance of the formation of 
trabeculae ın the neck of the femur 

Finally, because of shortage of time, after a 
number of speakers discussed a variety of sub- 
jects of thew own 1nterest, the authors of the papers 
answered various points raised in the discussion very 
briefly 

In conclusion, the large attendance and the 
discussion were an indication that the Institution 
of Mechanical Engineers had organized a successful 
symposium which from the ‘mixed’ audience in- 
dicated the growing affinity between engineer ing 
and medieme im the process of alleviatmg human 
suffermg 

The Institution of Mechanical Engmeers will 
shortly publish the proceedings of the symposium, 
which will include the discussion and communica- 
tions J M ZAREK 
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eross-inkimg the polysaccharide chams with phos- 
phate, epichlorhydrm or fatty acid groups ^ The 
amount of cross-linking agent required to achieve 
this result 1s only 1 part per 1,000 parts of starch 
Thus waxy starches, which normally give mse to fluid 
pastes, are deprived of this property and become 
‘short’ Simultaneously their resistance to shear 
increases greatly Another result ıs that such starches 
lose the property of gelatimizing m water at a precise 
temperature, and stead show a gradual increase in 
solubihty with rismg temperature Cross-Imking also 
results m a marked improvement of resistance to 
freeze-thaw cycles, which has important implications 
for the food industry 


514 


Improved freeze-thaw characteristics show as a 
lower rate of sedimentation after freezing, and better 
gloss and transparency of the paste 

The new pioperties of amylopectin obtained by 
cross-linking can be explained by a greatly reduced 
rate of retrogradation and greater internal rigidity 
of the starch molecule The technique of cross-lmking 
can be extended to dextiines, which are used as re- 
moistening gums on envelope flaps and labels The 
deterioration of such gums on agemg has been shown 
to be due to retaogradation of the dextrine in the 
presence of small amounts of water By usmg the 
hydroxyethyl derivative of dextrmes for gummung pur- 
poses, the ageing characteristics of flap gums can be 
largely avoided — Finally, Dr Schoch explamed how 
starch films, which have been laid down by slow 
evaporation of water, have a greatly increased 
resistance to water when compared to quickly dried 
films This again can be shown to be due to retro- 
gradation taking place during the slow drying of films 

Prof M Samec (Ljubljana, Yugoslavia) described 
how the burstmg and tear strength of paper can be 
markedly unproved by using a starch size which 
has been previously mradiated with cobalt-60 This 
process might become of great importance if the cost 
of the radioactive material would be reduced in the 
future 

The use of starch as sizmg agent m the paper 
industry was described by J Seaman (Slough, Bucks) 
A beater size should preferably be a potato starch 
soluble ın cold water, of which 5 per cent w/w 1s 
added to the paper pulp Such starches are manu- 
factued by passmg a slurry contaming starch and 
borax over steam-heated drying rolls The product 
when re-dissolved has pH 85 at 5 per cent con- 
centration For surface sizing 1b 1s advantageous to 
use an oxidized starch, which 1s manufactured by 
treating potato starch with sodium hypochlorite The 
material has to be cooked with water before use to 
give a size having pH 7 5 at 15 per cent sohid-content 
For paper coating, white potato dextrme (1 part) 
is added to china clay (5-6 parts) and the mixture 
made up with water to a slurry having a solid content 
of 50 per cent 

When selecting dextrines for coating purposes, 1b 
is essential to choose one with & maximum rate of 
set back to enable the coatmg to set on the surface 
of the paper as rapidly as possible 

P:of M Mautne: (Zagreb, Yugoslavia) described 
a new method for the continuous production of 
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glucose by the acid hydrolysis of starch The starch 
slurry is first treated with hydrochloric acid and is 
then passed mto a conical chamber, which rotates 
very quickly about its long axis The chamber 1s 
heated externally by steam and 1s provided with an 
inlet at the wide end and an outlet at its apex 
Ungelatmized starch particles are forced by centii- 
fugal force to the walls of the chamber, whero they 
gelatmuze instantly In so domg their specific gravity 
1s reduced and they are replaced by further ungelatin- 
ized granules The chamber has a peripheral speed 
of 30 m/sec and rb can deal with 2$ tons of raw 
starch per hi After leavmg the chamber the 
starch paste is fed into a series of flat, box-hke 
heat exchangers, where the final conversion of 
staich to glucose takes place It is estimated 
that the total tune required for conversion is only 
18 min ` 

At the Convention & total of twenty-two papers 
was read and they will be reprinted m. full m the 
journal Dee Starke 

The actual Convention was followed during Api 
24-25 by the first meeting of the International 
Standards Organization Technical Committee No 
93, which has been set up to establish international 
recommendations for analysis of starch, including 1ts 
derivatives and by-products There were 65 delegates 
present from Czechoslovakia, Denmark, Eire, Finland, 
France, Germany, Hungary, Italy, India, The Nether- 
lands, Norway, Switzerland and the United King- 
dom ‘The char was taken by Prof K Heyns (Ham- 
burg) the secretariat bemg held by the German 
Standards Association The British side of the work 
is ın the hands of the British Standards Institute 
Committee on Analysis and Testmg of Starch Pio- 
ducts, ten members of this commuttee—representimg 
manufacturers and users of starch and associated 
products, research interests and Government depart- 
ments—were present The work already done by 
the British Standards Institute Committee enabled 
the British delegation to give a strong lead at these 
inaugural discussions of the International Standards 
Organization and many of the Umted Kmgdom 
proposals were adopted 

It was agreed that the scope of the new Inter- 
national Standards Organization committee should 
cover termmology, methods of sampling, methods 
of analysis and examination of starch, its derivatives 
(including hydrolysis products and dextrines) and its 
by-products E Doux 


THE EDUCATION OF TECHNOLOGISTS 


HE presidential address to the Institution of 
Metallurgists, delivered by Prof A J Murphy 
on May 12, covered a field involving not only the 
metallurgist but also the technologist in general, and 
m no small measure the pure scientist as well 
After deahng with matters of a more or less 
domestie nature, Prof Murphy turned his attention 
to the general background desirable i the traming 
of the technologist From this the following has 
been extracted 


Sooner or later in any discussion on the education 
of scientists and technologists the remark will be 
made ‘What a pity 16 is that you cannot give your 
bright young technical men some sense of cultural 


values” Often this can be recognized as the defensive 
manceuvre of a dyed-m-the-wool classicist, who, in 
an age of automation, atomic energy and satellites 
sighs for the day when he could with impunity, and 
publicly, dismiss science as somethmg they used to 
call “stinks”? at school 

But there 1s more in it than that It must be 
admitted that far too many technically competent 
men are distressmgly mept in communication by 
speech and writing This is very regrettable The 
blame rests primarily on the schools—of that I do 
not have the slightest doubt I do not believe that 
any reasonably mtelligent boy who had been properly 
taught the elements of English grammar and syntax 
could perpetrate the mangled compositions which 
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one encounters alike m Ph D theses and the scripts 
of technical representatives As for some of the efforts 
at reported speech which one receives from secretaries 
of technical committees, one can only regret that the 
writers have not been able to experience the in- 
tellectual satisfaction to be gamed from a proper 
appreciation of the sequence of tenses The Institu- 
tion of Metallurgists ıs ttymg to do somethmg toward 
remedymg this state of affairs by requirmg the 
demonstration of at least a modest competence in 
the use of the English language as part of the quali- 
fication of a metallurgists We must hope that by 
gradual seepage down the line this measure will 
encourage the schools to inerease ther efforts in 
teaching English for use 

We ae all fully persuaded that premature and 
immoderate specialization can produce monsters 
Once such damage has been done there is not much 
hope for rescue operations conducted in university 
faculties of science and engmeermg or in technical 
colleges Again I thmk we must look to the schools 
for salvation An awareness of what goes on outside 
his specialization ought to have been gained ın the 
technologist’s school days Special lectures of one 
hour a week m the liberal arts, isolated fiom the 
technological course, make no appreciable impression 
on deficiencies in this respect which the student has 
brought with hm to the university or technical 
college 

Somehow tıme must be found, or regamed, m the 
schools for these opportunities to taste the many 
savours which go to make a full life The late Prof 
Samuel Alexander said that liberality was the 
“sprit of pursuit, not a choice of subject" Su Erie 
Ashby, in a series of stimulatmg papers, and lately 
in his book “Technology and the Academics”, has 
denied that technology and culture are antitheses, 
and has urged that technology properly taught can 
provide a path to culture through a man’s specializa- 
tion and not by by-passmg ıt In this respect tech- 
nology has the advantage over pure science in its 
opportunities for developing cultural appreciation, 
since applied science necessitates contact with one’s 
fellow-men outside one’s specialization If the tech- 
nologist ıs to achieve the successful application of his 
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science he must study his fellow man in order 
to understand his desires, his fears and his 
needs 

To the man whose trammg has been along the 
route of an apprenticeship and a Higher National 
Certificate qualfication, corporate membership of a 
professional institution opens a door to promotion, 
to positions of major responsibility which othe: wise 
would remain closed Much could be written about 
our neglect, during the thnty years or so before and 
after the begmning of the century, to appreciate the 
immensely valuable national asset which we possessed 
in this type of man, and we may yet have cause to 
regret our impiovidence Apprenticeship in the 
engineering and metallurgical industries fell into sad 
disiepute m those days ‘Less and less did ıt serve 
as a springboard for advancement to executive 
appointments save for men of exceptional ability, 
whom no system, however bad, could have held 
back, more and more ıt became merely a procedure 
for instillmg mto the youngster the miumum 
technical knowledge which operative employment 
required In our time we see a new approach 
Positive action is taken to encourage and help the 
young man m industry to bioaden his educational 
horizon and to aim at the most ambitious target 
which his intellectual ability brings within his scope 

It 1s a good thing from time to time to count one’s 
blessings It adds zest to the enjoyment of good times 
and it helps to keep one’s sense of proportion when 
things are not gomg so well Sometimes a piece of 
good fortune 1s too obvious to be overlooked There 
are also those blessmgs which become evident only 
after a little reflexion In this category comes 
the privilege which we enjoy m a calling in the 
absorbing world of science and technology It 
1s indeed a happy circumstance for us that we 
make our livmgs by engaging m an occupation 
which commands our great interest, even apart from 
the tangible rewards which economic necessity com- 
pels us to exact When we contemplate the lot of 
many of our fellow-citizens who must earn their 
daily bread by the performance of ineffably dull 
chores, then surely we cannot deny the boon with 
which by contrast we are favoued 


VISUAL ILLUSTRATION OF UNIVERSITY LECTURES 


T the annual general meetmg of the British 
Universities Film Council, held at University 
College, Cardiff, on May 8 and 9, one session was 
devoted to a discussion, under the chairmanship of 
Prof G E H Foxon, on the problems of illustrating 
university lectwies by film and related techniques 
It was attended by several guests as well as the 
representatives of the universities on the Council 
Opening the discussion, the guest lecturer, Mr 
C E Engel of the Department of Medical Ilus- 
tration, Guy’s Hospital Medical School, and editor 
of Medical and Biological Illustration, took as his 
subject “The Lecture Theatre of the Future" He 
pomted out that considerable mformation was now 
available on several matters influenemg design of 
lecture theatres, mcludmg the visibility of black- 
boards and of projection screens of different materials 
The value of the ‘recessed’ type of screen was par- 
ticularly stressed as it allows of sufficient 111lummation 


in the theatre for note-taking without impairing the 
quality of the projected mage Methods involving 
compheated arrangements of projection are usually 
considered unsuitable for university use because they 
upset the speed of the lecture and come between the 
lecturer and his audience by interposmg another 
person as projectiomst Several devices to overcome 
this trouble were demonstrated, including füst, a 
projector for 2in x 21n shdes with automatic slide 
change and change of focus, and secondly, the 
prototype of a magazme loading projector for loop 
films The details of operation of this loop projector 
were demonstrated m close-up by closed-cirewt 
television (with apparatus kindly lent by the Marconi 
Wireless and Telegraph Company), thereby showing 
another method of lecture illustration Mr Engel 
concluded by pomting out the need for a magazine- 
loading eme-projector operated by the lecturer by 
remote control so that the film sequence could be 


516 


introduced precisely when required and, if necessary, 
repeated 

Mr C J Duncan (University of Durham, King’s 
College, Newcastle upon Tyne) said that the normal 
“nstructional film’? with its elaborate production, 
titlmg and sound commentary was quite unsuited to 
the university lecture, what is required 1s 8 short 
piece of film which illustrates only the essential event 
in which the movement bemg dealt with occurs As 
an example, Mr Duncan demonstrated how, in 
deseribmg a piece of apparatus, 1ts components could 
all be shown by slides, thus enabling the speed of 
explanation to be varied on different occasions and 
the moving sequence showing the apparatus m use 
could be projected at the appropriate moment Thus 
method is of value in that ıt avoids the necessity of 
produemg a complete film with all the necessary 
editmg and tıtlmg, and so ıs much less expensive 
than an mstructional film, also it is much more 
flexible and any subsequent modification of the 
apparatus or technique being demonstrated merely 
necessitates the substitution of a small piece of film 
and not the production of a completely new full- 
length film These short films lasting some 15-20 sec 
can be called ‘moving diapositives’, and if several 
are jomed together by short lengths of blank film, 
durmg which the projector 18 stopped, several such 
short sequences can be shown 1n one lecture without 
te-threading the projector and thus disturbmg the 
lecture 

Prof H I Stonehill (Royal Miltary College of 
Science, Shrivenham) reviewed the use of television 
as a medium of instruction at college- and university- 
level in the United States, emphasizmg how much 
this method was bemg employed there for struction 
at all levels In discussing m more detail its use in 
universities an account of some assessments of its 
value was given, apparently, results so far mdicate 
that students ‘attending’ lectures by television do as 
well in tests as those actually present ın the lecture 
room Some students were reported to profer tele- 
vision lectures because, when concentratmg on the 
screen, they had less difficulty m preventing their 
attention from wandermg than when m a large 
audience 

Mr A M P Brookes (Cambridge) described 
experiments now gomg on in the Engmeermg Labor- 
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atones at Cambridge where, on account of large 
numbers, some students were 'attending' the lectures 
m an adjacent room to which the lecture was televised 
The lectures mvolved were those given by Mr Brookes 
himself, and he told of the first attempt and the 
modifications m technique that had been made m 
succeeding lectures Small television cameras can be 
set up in the lecture room without waste of space, 
so sited that they cover the movements of the 
lecturer and show the blackboards clearly It 1s 
mnportant that the lecturer should appear in the 
picture ın reasonable proportion when seen against 
the blackboard, close-ups which tend to turn the 
lecturer mto a ‘television personality’ are to be 
avoided The necessity for keepmg m view of the 
television cameras does tend somewhat to limit the 
movement of the lecturer on his rostrum It ıs of 
great umportance that the camera covering any one 
blackboard remains m use long enough for students 
to copy any diagram or note which 1b 1s expected 
they shall copy At prosent, Mr Brookes and his 
colleagues are learnmg by trial and error, but inspee- 
tion of students’ note-books indicates that those 
receiving the lecture by television make as full notes 
as those 1n the lecture-room 

Durmg a general discussion which followed, Mr 
Brookes, with the aid of the equipment present, gave 
a demonstration of ‘blackboard work’ by television 

This session covered a wide field, and while httle 
summary ıs possible, attention may be directed to 
the pomt made by several speakers that films and 
television are so well adapted to mass instruction 
that ther possible uses at university-level tend to be 
overlooked This ıs particularly so with films, for 
although mstruetional films have been available for 
many years, suitable film illustration for a university 
lecture is head to come by This, as has already been. 
suggested, 1s because instructional films are produced 
as complete entities There 1s a need for the provision. 
of short lengths of film illustrating those particular 
pomts, which are found in several sciences, when 
movement plays such an essential part that rb cannot 
be illustrated by other means Whether this can be 
done on a commercial basis or whether such sequences, 
perhaps produced m the course of research, can be 
exchanged between university departments remains 
to be seen G E H Foxon 


THE HALDEN (NORWAY) REACTOR 


HE boling heavy-water reactor of the Nor- 

wegian Institutt for Atomenergi at Halden, 
which 1s to be used for a jomt programme of research 
and experiment organized by the Organization for 
European Economic Co-operation, European Nuclear 
Energy Agency, was successfully operated for the 
first time on June 29, 1959 The reactor, moderated 
and cooled with heavy water and fuelled with natural 
uranium, 1s located m an excavation im a rock near 
the paper and pulp factory Saugbrugsforenmgen in 
Halden, 120 km south of Oslo It 1s the fist boiling 
heavy-water reactor ın the world, and the first 
boling-water reactor in Europe Besides rts mam 
funetion as & power demonstration reactor for 
studymg problems associated with boihng heavy- 
water reactor systems, the installation will also 
produce some 15 tons per hour of process steam m 
the secondary hght-water circuit Eventually this 


steam will be used in the pape: factory and ıb i8 
beheved that this will be the first nuclear process 
steam. installation. 

The reactor was designed at the Netherlands- 
Norwegian Jomt Establishment for Nuclear Energy 
Research, Kjeller, and was built by the Norwegian 
Institutt for Atomenergi The maim sub-contractors 
were the Kvaerner-Myhren, -Thune Combme (mech- 
anical installations), the Chr Michelsens Institutt 
(control and mstrumentation), Hoyer Ellefsen (crvil 
engineermg work), the UK Atomic Energy Auth- 
orty (fuel) and the U S Atomic Energy Commussion 
(heavy water) The total cost of the plant, cluding 
heavy water and the first uranium fuel load, was 
3 5 million dollars 

The Organization for European Economic Co- 
operation Agreement concerning the reactor was 
signed in June 1958 by Austria, Denmark, Euratom 
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(representing Belgium, France, Germany, Italy, 
Luxembourg and the Netherlands), Norway, Sweden, 
Switzerland and the United Kingdom It provides 
for a jomt programme, budget and staff for research 
and development work with the reactor for a period 
of three years Through agreements with the Institutt 
for Atomenergi, the United States and Finland are 
also associated with the reactor project At present, 
a professional staff of thirty, recruited from the 
participatmg countries, 1s attached to the project 
Durmg the next six months the reactor will be 
operated at low power-levels to enable fundamental 
reactor physics experiments to be performed After 
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THE DANISH ATOMIC 


HE report on the activities of the Danish 
Atomic Energy Commussion* for the period 
April 1, 1957, to March 31, 1958, deals mainly with 
the erection of the Fuse Research Establishment and 
the three reactors DR1, DR2 and DR3, and the work 
of the six departments of the Establishment The 
membership of the Commission remamed unchanged 
during the period under review, and Prof Niels 
Bohr continued to act as charman The total cost 
of the Establishment was originally estimated at 
about 100 million kroner The expenditure so far, 
including that estimated for 1958-59, ıs about 90 
million kroner, of which about 60 million kroner is 
for expenditure on buildings and the remainder for 
the three reactors and the requisite technical and 
scientific equipment On March 26, 1958, the 
Fiance Committee authorized an additional expen- 
diture of up to 2 5 million kroner on a hnear accelera- 
tor to be used for experiments on the preservation of 
food and for other mradiation experiments 
On August 15, 1957, the first of the three reactors 
began to operate, and by September the chemical, 
reactor engineering, electronics and physics labora- 
tories together with the admmustration building were 
completed and in use Then followed the health 
physics department, the hbrary and the canteen, 
and early m 1958 the agricultural department, the 
lecture hall and the buildings to house the DR2 


* Report on the Activities of the Danish Atomic Energy Commission 
for the period from 1 April 1957 to 31 March 1958 Pp 62 (Copen- 
hagen Danish Atomic Energy Commission, 1958 ) 
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this period the power level will be mcreased gradually 
up to the design power of 10 MW thermal energy 

The reactor plant will be officially opened by 
HM King Olav on October 10 

The Halden Reactor Project 1s one of several joint 
undertakmgs sponsored by the European Nucleai 
Energy Agency of the Orgamzation for European 
Economic Co-operation , others are the ‘Emochemie’ 
company for the chemical processing of irradiated 
fuels (established by an international convention 
signed in December 1957) and the Dragon Migh- 
temperature gas-cooled reactor project, work on 
which began last April 


ENERGY COMMISSION 


reactor group were completed, leaving only the 
buldmgs for the DR3 reactor to be erected A 
detailed map attached to the report shows the com- 
plete layout of the Establishment 

In the physics department one group has been 
working on the construction of a laboratory for 
investigations of beta- and gamma-ray activities , 
another group with neutron spectroscopy, and a 
third group with solid state physics, particularly the 
study of the effects of radiation damage to metals 
and graphite A study has also been made of the 
literature on deuterium fusion and of the theoretical 
aspects of the utilization of the energy from deuterium 
fusion The electronics department has undertaken 
active research on scintillation counters and on the 
development of a reactor simulator Two study 
groups were formed m the reactor engmeermg 
department The first was engaged m drafting a 
project for a heavy-water-moderated power reactor 
with an organic coolmg medium, and the second 
for a high-temperature gas-cooled reactor 

A section of the report 1s devoted to the Inter- 
national Atomic Energy Agency, and to regional 
co-operation ın Europe, meluding the Organization 
for European Economic Co-operation and Euratom 
The report also gives details of geological surveys 
m Greenland, relations between the Commission 
and commerce and mdustry , educational activities 
which included experimental reactor courses with 
DR] and lecture courses at the Technical University 
of Denmark, and general mformation services 


ATOMIC POWER CONSTRUCTIONS, LTD. 


TOMIC POWER CONSTRUCTIONS, LTD, 28 
Theobalds Road, London, WC 1, which was 
formed in December 1956, 1s carrying out extensive 
research and development in connexion with the 
national nuclear power effort The research pro- 
gramme is concentrated at the company’s laboratories 
at Heston, Middlesex, and a booklet* recently pre- 
pared gives a survey of the problems bemg tackled 
In the Calder Hall type of reactor the uranium 1s 
arranged in a pattern of vertical rods embedded ın 
a large cylmdrical ‘core’ of graphite The heat 
generated m the rods 1s carried away by blowing 
carbon dioxide gas past them, and m order to econom- 
ize m pumping power the reactor designer puts the 


* Research and Development at the Heston Laboratories of Atomic 
Power Constructions, limited Pp 10 (London Atomic Power 
Constructions, Ltd , 1959 ) 


whole of the carbon dioxide gas circuit under a 
pressure of some 20 atmospheres Consequently, the 
core and uranium must be enclosed m a pressure 
vessel 

Most stringent precautions must be taken against 
failure of the pressure circuit in which the carbon 
dioxide circulates, and a major part of the work 
undertaken by Atomic Power Constructions, Ltd , 1s 
concerned with proving the materials and fabrication 
techniques which are used 1n the construction of the 
pressure vessel An important problem is creep of 
the steel to be used for the pressure vessel and for 
the heat exchangers, and in order to acquire the 
necessary information sufficiently quickly an r- 
conditioned creep laboratory contaming a battery of 
seventy creep machmes has been set up The strain 
ageing of steels at elevated temperatures, weld- 
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ability and welding techniques for use with selected 
steels, and the chemical compatibility of the various 
materials used 1n the reactor with the carbon dioxide 
coolant gas, are some of the other problems being 
mvestigated by the Metallurgical Division A con- 
siderable expansion in facilities 1s planned durmg 
1959, and additional long-term researches relating to 
uranium, magnesium and the weldability of steel 
will be started The design of the best heat transfer 
surface for the fuel elements 1s at present largely 
empirical and at the Heston Research Laboratories 
two experimental rigs are provided for experimental 
tests In both, the fuel element can is placed m a 


COFFEE RESEARCH IN 


Ep investigations of a fundamental character 
on the genus Coffea have recently been published 
by the Institut National pour l'Étude Agronomique 
du Congo Belge, (1) Recherches sur l'Autostérihté 
du Caféer Robusta (Coffea canephora Pierre) by 
M Devreux, G Vallaeys, P Pochet and A Gilles (No 
78 1959 Pp 4448 plates 40 francs), (11) Recherches 
sur les Affinrtés Chromosomiques dans le Genre 
Coffea by J Bouharmont (No "7 Pp 944-2 plates 
70 francs) The self-sterihty of Robusta coffee has 
been known in a somewhat confused way for many 
years, but no convmemg demonstration of this 
phenomenon has previously been presented This 
information is important in preparing a 1ational 
programme of selection The mvestigators of the 
work mdieated above have now shown, under 
strictly experumental condrtions, that this variety 
1s quite self-sterrle As a result of many controlled 
self-pollnation experiments, usi 19 clones and 
based on a very large number of flowers, for example, 
more than 15,000 in one mstance, an extremely 
small number of fruits has been obtained, the highest 
percentage not exceeding 0 24 By contrast, when 
the flowers of the same clones were subjected to 
eross-polhnation, a number of ripe fruits, 30-40 per 
cent, was obtained The self-steruity 1s not attributed 


BOTANY IN 


AS agreeable and very well-deserved tribute has 
been paid to Prof J R Matthews, regius professor 
of botany m the University of Aberdeen, by his 
friends, past and present colleagues and former 
students, on the occasion of his seventieth birthday 
Durmg his twenty-five years as regius professor he 
has greatly creased the stature of his Department, 
has helped the cause of botanical science by his work 
on the councils of various societies and has made 
many valuable contributions to botany, especially m 
the field of 1esearch relating to the origm and dis- 
tribution of the British flora The presentation 
volume under consideration has been printed for the 
Botanical Society of Edimbuigh and appears as a 
special number of the Transactions (38 , March 1959 
15s) There is a foreword by H R Fletcher, and, as 
might perhaps be expected, a number of the articles 
ielate to the ecology of Scottish plants But there 
are also some contributions dealing with other aspects 
of botanical science, for example, Some Fundamental 
Considerations on the New Morphology”, by H J Lam, 
‘‘Peristome Teeth and Spore Discharge m Mosses”, by 
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working section and the heat developed im the uran- 
iun simulated by an electric heater Facilities 
for basic studies 1n heat transfer and m other design 
problems have also been set up, and these facilities 
comprise a flow visualization mg and associated 
equipment ın which water replaces the pressurized 
carbon. dioxide as the working fluid 

Crompton Parkinson, Ltd , the Fairey Aviation Co , 
Ltd, International Combustion (Holdings), Ltd, 
Richardsons Westgarth and Co, Ltd, and Nuclear 
Civil Constructors (Trollope and Colls, Holland and 
Hannen, and Cubitts) form the five member com- 
pames of Atomic Power Constructions, Ltd 


THE BELGIAN CONGO 


to defects m floral structure or in micro- or macro- 
sporogenesis but to anomalies m the formation and 
growth of the pollen-tubes In no case were these 
able vo traverse the style While a genetical explana- 
tion m terms of compatibility may be advanced, 
validation has still to be obtained 

Observations on the chromosome numbers of thir- 
teen species of Coffea, meluding all the well-known 
species such as C arabica, C lberiwa, C stenophylla, 
ete , have shown that all those exammed are diploid 
with 22 chromosomes, except C arabica which has 
44 Certain hybrids are diploid and others tetra- 
ploid The nuclear behaviour at mitosis 1s apparently 
identical m all the species Measurements of chromo- 
some lengths show that these are all much alike 
Tt 1s considered that these comparisons by measure- 
ment confirm the close systematic relation of certain 
species, but ıt does not enable a general classification 
of the genus to be established An average 1dio- 
gramme of the African Coffea has been prepared 
The author concludes that the genus is a very 
homogeneous one, and that the species vestigated 
are closely related from the cytological point 
of view Lastly, this investigation has yielded no 
evidence of difficulties im obtamung mterspecific 
hybrids 


SCOTLAND 


C T Ingold, a biographical essay on “The Rev John 
Walker (1731-1804)—a Notable Scottish Natu alist^, 
by G Taylor, of the Royal Botanic Gardens, Kew, and 
J Grant Roger has contributed a useful article on the 
“Conservation of the Scottish Flora" 

Further evidence of the work of this distinguished 
and active botanical society has also been published 
(Trans , 37, Part 4, 1959) "This ıs devoted entirely 
to various aspects of Scottish botany Thus there are 
floristic studies of a number of different regions, 
sometimes combined with geological observations 
D Ratchffe has contributed an article on the 
“Habitat of Koengia wslandiwa’”’, and D G Downie 
on “Rhizoctona solam and Orchid Seed" There is a 
special cryptogamic section by D M Henderson 
and an alpine section by D Grant Roger There is 
also a useful general article dealing with botanical 
research m Scotland This gives a,brief account of 
the activities of tho mam research stitutes, mceluding 
those devoted to marme biology and nature con- 
servancy, but ıt ıs not concerned with university 
departments of botany 
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HABIT OF ICE CRYSTALS GROWN IN HYDROGEN, CARBON 
DIOXIDE AND AIR AT REDUCED PRESSURE 


By A P van den HEUVEL and Dr B J MASON 


Imperial College of Science and Technology, London 


T crystals grown from the vapour m air at normal 
atmospheric pressure show a remarkable variation 
of crystal habit with temperature This has been 
closely investigated by Hallett and Mason! by grow- 
mg crystals on a thin fibre runnmg vertically through 
the centre of a diffusion cloud chamber m which the 
vertical gradients of temperature and supersaturation 
were accurately controlled and measured The results 
of many experiments covermg a temperature range of 
0°to —50°C and supersaturations varying from a few 
per cent to about 300 per cent (in very clean, droplet- 
free air) consistently showed the crystal habit to 
vary along the length of the fibre m the following 
manner: 0° to —3° C, thm hexagonal plates , 
—3° to —5° C, needles, —5° to —8? C, hollow 
prisms, —8° to —12* C, hexagonal plates, —12° 
to —16° C, dendritic stellar crystals, —16° to 
—25°C , hexagonal plates, —25° to —50°C, hollow 
prisms ‘These changes of habit were controlled 
almost entirely by the temperature, the super- 
saturation influencing only such secondary features 
as the growth-rate and the onset of dendritic and 
needle growth Similar conclusions have been 
reached by Kobayashi? 

In attempting to account for these changes of 
habit, considerable mterest 1s attached to recent 
reports by Isono e£ al*4 that they are further 
modified if the crystals are grown ın an atmosphere 
of hydrogen instead of air, but 
that little change is effected by 
replacing air with carbon dioxide 
In particular, Isono found that 
crystals grown m a water-saturated. 
air at —7° C developed prefer- 
entially along the c axis to form 
hexagonal prismatie columns , but, 
1n hydrogen, the growth-rates in 
the a and c directions were 
approximately equal Further- 
more, needle-hke crystals grown 
in air thickened, and skeletal 
growth was suppressed when the 
air was replaced by hydrogen 
Crystals grown at —16° C m air 
took the form of thin hexagonal 
plates, but those grown im other- 
wise similar conditions in hydrogen 
developed as thick plates and 
short hexagonal columns 

In general, the effect of hydro- 
gen was to produce more nearly 
isotiopic growth and isometric 
oiystals, changes which were atti1- 
buted to the high diffusion coeffi- 
cient of water vapour in hydrogen, 
1t being 3 4 times that in air The 
fact that crystals grown in carbon 
dioxide were very similar to those 
grown in air at the same pressure 
was taken to be consistent with the 
diffusivity bemg only 0 7 times 
that m air 


Fig 1 


a, Needles and hollow prisms ın the temperature range —5° to —7 5° € 
between —9° and —12° C Cc 


If the rate of diffusion of water vapour were an 
important factor ın controlling crystal habit, very 
simular results to those obtained m hydrogen should 
be obtamed in air at reduced pressure since the 
diffusivity 1s inversely proportional to the air pres- 
sure Indeed, Kobayashi? and Isono* report that 
reduction of the air pressure does influence the shapes 
of crystals grown in both diffusion- and muixing- 
cloud chambers 

Isono found that his results obtamed at —7? and 
—16* C m hydrogen were reproduced in air at 
pressures of 80-20 mm mercury Kobayashi reports 
that the hexagonal plates and dendritic crystals found 
at temperatures between —10? C and —20° C m 
a at normal atmospheric pressure persist if the 
pressure exceeds 300 mm, but, at less than 100 mm 
pressure, they are entirely replaced by hexagonal 
columns, often with hollow cavities, and, at less than 
70 mm pressure, by short solid columns which now 
occur at all temperatures between 0°C and —30° C 
Unfortunately, under the conditions of the experi- 
ment, the total pressure could not be lowered without 
also lowermg the supersaturation of the vapour, and 
Kobayashi attributes the formation of solid prismatic 
columns at low ai pressures to the slow growth 
conditioned by the low supersaturation He supports 
this view by recording that m air at normal atmo- 
spheric pressure only sohd columns are obtamed in 





(e) 


Ice crystals growmg ın an atmosphere of hydrogen on a fibre suspended ın a 


diffusion cloud chamber 


b, plates 
, €, dendrites between —12° and —16° 
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Fig 2 Crystals grown 1n air at 80 mm mercury pressure The 
sequence 18 plates — needles — hollow prisms — plates — den- 
drites — plates as the temperature varies from 0° to —20° C 


the temperature range 0° to —30? C providing the 
supersaturation does not exceed 7 per cent with 
respect to 1ce 

Because the results of these Japanese experiments 
in hydrogen and in air at low pressure, if confirmed, 
might throw new light on the mechanism responsible 
for the remarkable habit changes in ice, sumnilar 
investigations have been made by us 

The crystals were grown, m aerosol-free air, m the 
diffusion cloud chamber described by Hallett and 
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Mason! They were supported on a fine fibre along 
which the temperature varied from 0? to —50° C 
and the supersaturation could be varied and measured. 
over a wide range In a chamber filled with hydrogen 
at atmospheric pressure, the crystals exhibited the 
same variation with temperature as listed above for 
crystals grown m air (Fig 1) No differences were 
observed except that the crystals grew much faster 
in hydrogen, m conformity with the diffusion co- 
efficient of water vapour bemg 3 4 times that ın air, 
and the thermal conductivity, which controls the 
rate of dissipation of the latent heat of crystallization, 
bemg about seven times greater 

Crystals were also grown under reduced air pres- 
sures of 300, 150, 80, 40 and 20 mm mercury, the 
pressure never varymg by more than 1-2 mm during 
the course of any one experiment Agam, as shown 
in Fig 2, the habit varied with temperature m a 
manner identical to that observed at normal atmo- 
spheric pressure and dendritic forms could always be 
produced between 0°C and ~3° C , and also between 
—12? and —16? C, at high supersaturations 

Crystals were grown under low supersaturations at 
atmospheric pressure between two parallel sheets of 
ice maintamed at shghtly different temperatures 
This arrangement allowed the temperature and 
supersaturation to be accurately determmed Under 
supersaturations not exceedmg 5 per cent with 
respect to 1ce, plate and sector-plate crystals appeared 
m the temperature range —10° to —15° C and 
therefore the expermments provided no support for 
Kobayashi claim that only solid prismatic columns 
occur at all temperatures between 0° C. and —30° C 
at such low supersaturations 

Summarizing, we have been unable to confirm that 
the habit of ice crystals grown from the vapour is 
essentially modified by growmg them m either 
hydrogen or in air at reduced pressure, although 
their growth-rates are affected 1n the sense one would 
expect from the manner in which the diffusivity and 
thermal conductivity of the environment would 
influence the fluxes of water vapour and heat 

We are unable to offer an explanation of the results 
obtained by the Japanese workers except to suggest 
that, perhaps, their apparatus may have been con- 
taminated with small traces of foreign vapours such 
as are known? to affect markedly the 1ce-crystal 
habit even though present m only very small 
quantities 
1 Hallett, J , and Mason, B J, Proc Roy Soc , A, 247, 440 (1958) 
2 Kobayashi, T , J Met Soe Japan, 36, 198 (1958) 
3 Isono, K , Komabayashi, M , and Ono, A, Met Papers Geophys 

Inst Tokyo Unw , 8, 327 (1958) 


* Isono, K , Nature, 182, 1221 (1958) 
5 Hallett, J , and Mason, B J , Nature, 181, 467 (1958) 


CELL-WALL MUCOPEPTIDES OF STAPHYLOCOCCUS AUREUS AND 
MICROCOCCUS | LYSODEIKTICUS 


By H J ROGERS and H R PERKINS 
National Institute for Medical Research, Mill Hill, London, N W7 


CONSIDERABLE number of recent studies 

have been concerned with the superficial layers 
of micro-orgamsms In particular, msoluble material 
which 1s resistant to the action of several proteolytic 
enzymes and nucleases has been isolated The 
morphology of this material ıs such that ıt may be 
regarded as consisting of the cell walls Lysozyme- 


sensitive muero-organisms yield walls which are 
dissolved by lysozyme In Gram-positive species the 
material has a relatively sumnple overall chemical 
composition compared with that of the cytoplasmic 
protems, and its biosynthesis is inhibited by anti- 
bioties such as penicillin and bacitracm Elucidation 
of the more detailed chemistry of the structure and 
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biosynthesis of the cell wall holds, therefore, the hope 
of a further understanding of the mode of action of 
antibiotics The purpose of the present article 1s to 
discuss some recent observations made in these 
laboratories and elsewhere in relation to concepts 
about the structure and biosynthesis of the cell walls 
of, m particular, staphylococe: and micrococe1 

The work of Salton! and Cummms and Harris? 
firmly established that a large proportion of the 
substance of cell walls of representative strams of 
several species of Gram-positive cocer, other than 
some streptococci, consists of a lumted number of 
amino-acids, two ammo-sugars and sometimes one or 
two hexoses, these component substances were 
detected on paper chromatograms of acid hydro- 
lysates of the wall structures The name muco- 
peptide? has more recently been proposed to deseribe 
the group of polymeric substances containing these 
compounds The earlier work was not designed to 
give an exact indication of the quantitative inter- 
relationship between the components or to express 
any attitude towards the number of polymers com- 
bmed to give the final insoluble wall structure 
Suggestions of possible heterogeneity at the polymer- 
level were, however, contamed 1n the earher work of 
Mitchell and Moyle’, who had isolated from a cell 
fraction they called “cell envelopes”, polyol phosphate 
compounds Cell walls prepared by the Salton and 
Horne’ method were known to contam small amounts 
of phosphorus, and later Baddiley* and his colleagues 
first obtamed substances which they called teichoijc 
acids from Lactobacillus arabwnosus One component 
of teichoie acid associated with the wall structure was 
polyribitol phosphate carrymg in covalent linkage 
either glucose or N-acetylglucosamme to whieh, in 
turn, &lanme was bound m ester linkage This type 
of substance was shown to be present in cocci ts 
amount varied from neghgible quantities m walls 
from Micrococcus lysodecktecus to about 30 per cent 
m the stram of staphylococcus wall examined , these 
quantities were deduced from the phosphorus con- 
tents of the walls—only a small proportion of the 
calculated material is recorded as havmg been 
isolated Mitchell and Moyle’ have recently shown 
that them polyol phosphate also contains ribitol 
phosphate The presence of substances of this type 
which ean be extracted by cold trichloroacetic acid 
may explam the report! of the presence of com- 
ponents soluble in trichloroacetic acid and m water 
in frozen dried wall preparations 

The homogeneity or heterogeneity of the structure 
remammg (that is, the mucopeptides) after the 
removal of teichore acid 18 still unjudged Examma- 
tion of the concentration of amimo-acids m the 
mucopeptides from various strains of staphylococci 
and mucrococe: shows that considerable differences 1n 
the molecular proportions occur Moreover, the 
ratios for most of the strams do not fit any simple 
pattern Even if the small amounts of alanme present 
in the teichoic acid m walls fiom some strains cause 
some distortion of the values for the concentration of 
this ammo-acid m the mucopeptide, such considera- 
tions do not apply to the other ammo-acids Park and 
Strommnger® have suggested that a uridme—-muramic 
acid peptide origmally isolated by Park!? from peni- 
cilln-treated stephylococei may be a biosynthetic 
precursor of mucopeptide This peptide had its 
amino-acids (alanine, glutamate and lysine) m simple 
molecular proportion and resembled m this respect 
the wall mucopeptide If this compound should 
eventually prove to be a precursor, then presumably 
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Table 1  AMINO-AOID COMPOSITION OF CELL WALLS EXPRESSED AS 
MOLAR Ratios (GLUTAMATE TAKEN AS 1 0) IN SEVERAL STRAINS OF 
STAPHYLOCOCCI AND MicRococcr 








Strain Glutamate | Alanine | Glycine | Lysine Ref 
524/SC 10 18 32 06 8 
H 10 32-37 — 09-12 9 
Duncan 10 28 63 19 23 
11 10 14 0 05 05 Present 

work 
Oxford 10 19 49 10 Present 

work 
M lusoderkticus 10 19-25/12-16 10 13 








Cell walls prepared by the Cummins and Harris method, hydro- 
lysed for 4 hr with 4 N hydrochloric acid and the contents of amino- 
acids determined (ref 13) 


other precursor compounds corresponding to the 
glyeme and glucosamme present m the wall must 
be found The molecular ratios for the ammo- 
acids m other strams of staphylococe: or micro- 
cocci such as 11, 524 or lysoderktzcus are not simple 
and the condensation of a smgle small peptide 
could not account for them If, however, there is 
more than one mucopeptide im the wall and possibly 
a multipheity of uridine peptide precursors, as has 
been suggested by Ito, Ishimoto and Saito", then 
this situation 1s more easily explained 

The action of lysozyme on a ‘staphylococcus’ stram 
1] has provided some facts which also pomt towards 
possible heterogeneity of the wall mucopeptides 
This organism has a wall which is qualitatively 
similar to staphylococci, as can be seen from 
Table 1, although 1t 1s distmguished by a very low 
glycine content No glucose could be detected Its 
cytochrome composition, however, is different from 
other staphylococe: and nearer that of Mecrococcus 
lysodekteus (Jackson, private communication) 

Fig 1 shows the lysis of whole organisms of this 
stram by lysozyme When the enzyme 1s allowed to 
hydrolyse wall preparations, the optical density of 
the suspension falls to about 26 per cent of the 


e 
e 


02 


Optical density at 640 mu 


01 





0 25 50 
Time (min ) 


Fig 1 Lysis of ‘staphylococcus’ strain 11 by lysozyme A sus- 
pension of organisms grown in broth for 18 hr at 35° with 
agitation was prepared by centrifuging, washing twice with 
water, and suspending 1n 0 1 M ammonium acetate buffer pH6bO 
To the suspension warmed to 37? 50 ugm [ml of crystalline 
(Armour Products, Ltd ) lysozyme were added at zero time 
The optical density was measured at the times indicated during 
incubation at 37° 
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Table 2  AMINO-ACID AND GLUCOSAMINE CONTENTS (EXPRESSED AS 

MOLAR RATIOS WITH GLUTAMATE AS 1 0) OF THE LYSOZYME SOLUBLE 

AND LYSOZYME INSOLUBLE PARTS OF THE CELL WALL MUCOPEPTIDES 
OF 'STAPHYLOCOCOUS' STRAIN 11 








Lysozyme Lysozyme 
Whole wall residue soluble 
Glutamate 10 10 10 
Alanine 14 14 15 
Glycine 0 05 0 07 0 05 
Lysine 05 06 05 
Glucosamine 0 6t 0 46* 0 81* 





* Estimated on the hydrolysate after separation of the muramic 
acid (cf Perkins and Rogers, ref 13) 


+ Estimated from a comparison of the ninhydrin colour on chromato- 
grams when compared with that given by standard amounts of 
glucosamine 


initial value durmg 24-hr incubation at 35? Never- 
theless, on centrifugmg at 10,000g for 10 mun only 
about 40 per cent of the material m the hydrolysate 
remains m solution Table 2 shows the molecular 
composition of the soluble and msoluble parts More 
definite evidence of heterogeneity has been demon- 
strated ın walls from B subtslas (Janczura and Rogers, 
unpublished. observation) 

These walls contam many more amino-acids than 
those in staphylococcus!, but lysozyme liberates 
soluble material from them contammg principally 
alanine, glutamate, diaminopunelic acid, glucosamine 
and muramate but leaves behind as a small msoluble 
residue material contauung eleven or twelve ammo- 
acids Biochemical heterogeneity of this type may 
well reflect the multiple-layered nature of the cell 
wall which has been revealed by electron mucro- 
scopre exammation of sectioned bacteria? It 1s 
with the possibility of heterogeneity of mucopeptides 
mn mind that the following structural and biosynthetic 
results must be mterpreted 


Structural Observations 


Hydrolysis of M lysoderkticus wall Brief hydro- 
lysis of walls from M lysoderkticus for 20 mm with 
2 N sulphuric acid at 100° has yıəlded!? three frag- 
ments, one of which (a) contams muramate and the 
four amino-acids, while two have relatively simple 
composition, one (b) contains amimo-sugars in the 
proportion of two moles of muramic acid to one of 
glucosamme, the other (c) one mole of glucosamune, 
one of muramate and one of glycine The ammo- 
group of the glycme m compound (c) 1s not free to 
1eact with fluorodinstrobenzene and it ıs therefore, 
reasonable to suppose that the carboxyl of the 
muramate ıs linked with the —NH, group of the 
glyeme As isolated, the —-NH, groups of some 
of the hexosamine are free, but in the origmal 
structure before hydrolysis they are probably 
acetylated The oligosaccharide (b) 1s different both 
m its electrophoretic and chromatographic behaviour 
from the oligosaccharide isolated by Salton“ from 
hydrolysates of the wall resulting from the action of 
lysozyme, as might be expected from the molecular 
composition of the latter which contams* equimolar 
amounts of N-acetylmuramate and N-acetylglucos- 
amme rather than the two moles of muramate to one 
of glucosamine present m the acid hydrolysis product 

Closer examination of the action of lysozyme on 
walls of M lysodewtwus has revealed certain fallacies 
in the literature ın the mterpretation of results It 
has been recognized smce the earhest studies of 
lysozyme that material reacting m the Elson-Morgan!* 
N-acetylglucosamine test ıs liberated Recently a 
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claum has been made! that larger amounts of material 
reacting as glucosamine rather than N-acetylglucos- 
amine are released Exammation™ of this latter 
claim has, however, shown that 1t 1s likely to be 
partly due to the reaction of liberated reducing 
groups from combined N-acetylamino sugars reacting 
with the free! e-ammo groups of lysine to give 
artefact colour! in the test and ıs not due to hexos- 
amune with free ammo groups The reducmg group 
of glucose itself which 1s also present in the wall of 
M lysodeckincus 1s not necessarily involved since a 
similar artefact colour can be obtaimed from lysozyme 
digests of walls from the lysozyme-sensitive strains of 
‘staphylococcus’ such as stram 11, m which, as has 
been shown, no detectable glucose 1s present 

Exammation!5 of the colour formed in the N-acetyl- 
glucosamme test has revealed a more complicated 
situation The basis of the test 1s the heating of the 
substance m dilute alkal—either sodium carbonate! 
or borate??, during which heterocyclic rmg substances 
which react to give colour with p-dimethylammo- 
benzaldehyde are formed Examination of the time 
course of chromogen formation m lysozyme hydro- 
lysates of walls during treatment with alkali reveals 
that smaller molecular material m them 1s hydrolysed 
by alkah under the conditions of hexosamune tests, 
presumably to give free reacting N-acetylglucosamme 
and N-acetylmuramue acid groups which are rapidly 
converted to chromogen Thus, the amount of 
‘N-acetyl-hexosamine’ estimated depends upon the 
degree of alkaline hydrolysis which has taken place 
inthe test Previous results for liberation of ‘N-acetyl- 
glucosamme’ fiom cell wall material by lysozyme 
probably reflect more upon the alkalı treatment used 
in the method of estimation than upon the action of 
the enzyme itself , no free ‘glucosamine’ 18 liberated 
Oxidation of the disaccharide berated by lysozyme 
with hypo1odite followed by hydrochloric acid hydroly- 
sis gave no glucosamunie acid but did give a substance 
which may be the lactam derived from the C-l 
carboxylic acid corresponding to N-acetylmuramue 
aad, at all events, isolated N-acetylmuramic acid 
gave the same substance after hypoiodite oxidation 
and acid hydrolysis® 

Thus the lysozyme-produced disaccharide account- 
ing for about 15-16 per cent of the total hexosamme 
m the wall is likely to be 1-4 or 1-6 N-acetylglucos- 
amunido-N-acetylmuramue acid This assumes, for 
the present, that this disaccharide 1s not 8 product 
of a transglycosidation rather than a hydrolysis 
Other evidence shows the linkage almost certamly to 
be 1-6 No evidence 1s yet available about the bond 
between C-1 of N-acetyl-muramic acid and N-acetyl- 
glucosamme , but we may for the moment suppose 
that part of the mucopeptide or part of one of the 
mucopeptides 1s made up of N-acetylglucosaminido- 
1-6 N-acetyl muramue acid with the carboxyl group of 
the muramate free and partly of a disaccharide m 
which this group 1s combined with glycine 

If the larger, more complicated peptide isolated. 
from acid hydrolysates comes from the same polymer, 
then che rest of the ammo-acids may occur as a 
sequence linked to the glyeme This discussion leaves 
glucose out of account Peptide ammo-sugar frag- 
ments also contammg glucose have been isolated 
from acid hydrolysates of the cell walls and 1t seems 
likely that glucose does not occur in the form of a 
separate polymer It 1s very rapidly released!? during 
dilute acid hydrolysis of the wall, a behaviour 
reminiscent of that of fucose m the blood group 
substances 
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We have then the followmg evidence about struc- 
tures in the wall (1) N-acetylglucosaminido-1-6- 
N-acetylmuramate occurs to the extent of at least 
15 per cent of the total hexosamme (2) Glycyl-N- 
&cetyl-muramudo-N-acetylglucosamme or N-acetyl- 
glucosaminido-1-6-N-acetylmuramyl-glycme occurs 
(3) The glycine of (2) may be further linked to a 
peptide cham contamung glutamate, alanme and 
lysne (4) A lysozyme-resistant structure con- 
tang two molecules of muramate and one of glucos- 
amme exists m the molecule (5) Lysozyme so 
flagments the molecule that the followmg are formed 
(a) the disaccharide already mentioned , (b) at least 
three substances diffusible through ‘Cellophane’ which 
contam both glucosamme, muramate and the four 
cell wall amimo-acids but no glucose, (c) three 
large non-diffusible substances? which have some 
amino-sugar and almost all the glucose associated 
with them This profound fragmentation of the 
molecule suggests that the lysozyme labile bond 1s 
scattered through the molecules of the polymer or 
polymers rather than occurrmg at frequent regular 
intervals as part of an unbranched backbone muco- 
polysaccharide chain It1s clearly too early to speculate 
further about the structure of the mucopeptides 
The optical specificity of the ammo-acids m the 
vaiious fragments has not yet been examined, 
although ıt ıs known that a proportion of the 
alanine®! and all the glutamate ın the walls of some 
strains of Staphylococcus aureus and m Macrococcus 
lysodecktucus 1s m the —D form 


Biosynthesis of Staphylococcal Mucopeptides 


Biosynthesis of the mucopeptides 18 1n some respects 
a less complicated process than that of cell proteins , 
tt can occur under conditions where protem formation 
will not occur, such as when a single cell wall ammo- 
acid is supphed to the organism?®* when chlor- 
amphenicol 1s added to staphylococcal suspensions, 
thus stoppmg ordinary protein synthesis92753?, or m 
B subtelig when aza-guanine is present, which also 
brings to a halt protem synthesis? The process of 
mucopeptide synthesis is, nevertheless, sensitive to 
pemcullin3.?5, whereas protem synthesis is not? Even 
in the presence of penicillm, however, synthesis of 
cell wall material by suspensions of some strains of 
staphylococci continues for a time at a reduced rate? 
During this time abnormal mucopeptide 1s formed, with 
a smaller content of alanine relative to the amount 
of glutamate? The biosynthesis of the ribitol phos- 
phate teichoic acid 1s also stopped by penieilhn** 

In some strams, but not ın others, a uridme 
muramyl peptide already referred to accumulates?.°,1° 
In another stram more comphcated uridine peptides 
accumulate", but the walls of the organism were 
found?’ to be more complicated Whether or not the 
uridine peptides are precursors of cell wall muco- 
peptides remains to be proved, that uridme com- 
pounds of the ammo-sugars should be involved in 
building up the glycosidic bonds im the structure is 
eminently reasonable from other work on mucopoly- 
saccharide and polysaccharide biosynthesis, and 
uridinediphosphomuramate has been reported as 
bemg present in other species of organisms!5 Also 
present within Streptococcus faecalis*® and, as we have 
shown, withm JM lysodeckticus and Staphylcoccus 
aureus, are larger peptides contaming the same hexos- 
amines and amino-acids as the cell wall Ammo-acid 
1s incorporated rapidly into some of these peptides 
(Rogers, H J, and Mandelstam, J, unpublished 
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Table 3 EFFECT OF DILUTION ON THE EFFICIENCY OF A STAPHYLO- 
COCCOAL SUSPENSION IN SYNTHESIZING MUCOPEPTIDE 


523 











Mass of Total 
organisms Total counts/min 
added Yol of counts/min | — —————— — 
(ugm ) supernatant incorporated | mgm D W *x10* 
0 05 57 — 
12 05 225 14 
62 05 563 81 
125 05 870 65 
250 05 1,600 62 
12 0 118 98 
250 0 920 37 
1,000 0 1,976 19 











* mgm DW =mgm dry weight of bacteria added per ml of 
system 


Organisms (Staphylococcus aureus strain 524) in suspension and 
crush supernatant were added to mahe a final volume of 2 5 ml and 
final concentrations of 0 5umole of ATP and UTP, lysine and 
glutamate, 1 0 umole of alanine, magnesium, cysteine and 0 22 M 
sucrose were present  Radioactively labelled glycine 1 5 umoles/ml 
of glycine were added containing 0 085 we of radioactivity as C, 
1 uc of glycine gave 2 09 x 10° counts per min in the counting 
apparatus used the mixtures were incubated for 90 min at 37° and 
the reactions were stopped by the addition of trichloroacetic acid to 
a final concentration of 5 per cent (wiv) Purtfted cell wall (10 mgm ) 
was added as carrier before the trichloroacetic acid at the end of the 
experiment The samples were then treated as for ‘TCA mixed 
precipitates’ (ref 3) The broken suspension was made by crushing 
the suspension in M sucrose containing cysteine, magnesium and 
phosphate in the Hughes press working at —25° to —30° The broken 
preparation was then diluted to ten times its initial volume with 
01 M phosphate at pH. 7 0 and centrifuged for three periods of 
15 min at 1,000g at 0—4?, between each spinning the sediment was 
removed ‘The final supernatant was used 


observations), so they also may play some part m 
mucopeptide biosynthesis 

In order to further the study of these possible 
intermediates, 1t would clearly be desirable to have 
some system in which the selectively permeable 
membrane of the livmg organism 1s no longer func- 
tional Attempts to produce active preparations free 
of whole livmg cells sumilar to those which others 
have found capable of incorporating amuno-acids mto 
cell walls?*?! have not so far been successful Initial 
experiments were very hopefulso long as the efficiency 
of the remamung unbroken organisms was regarded 
as bemg independent of the dilution of the suspension 
and the presence of ‘cell sap’ As Table 3 shows, 
however, this 1s not so, and even when the number 
of whole cella was not more than 0 05-0 I per cent 
of those ın the mıtıal cell suspension the incorporating 
activity was equivalent to 10 per cent of that by the 
whole unbroken preparation Part of the stimulating 
activity of the ‘cell sap’ was shown to be due to its 
content of nucleic acid (Table 4), a strikmg parallel 
with previous observations? made with broken cell 
preparations Some degree of specificity existed, ın 
that nucleic acid isolated by the technique of Jones?? 
from the strain of staphylococcus exammed was much 
more effective than thymus deoxyribonucleic acid 
In another type of experiment, lvmg cells were 
labelled m their cell walls, added to part of the crush 


Table 4, STIMULATION OF CELL WALL SYNTHESIS BY NUCLEIC ACIDS 
ISOLATED FROM Staphylococcus aureus STRAIN 524 


Total counts/min /mgm added cells x 10? 











Mixed TCA ppt Cell walls 
Exp 1 Exp 2 Exp 1 and 2 
No additions 37 


37 37 
+ Supernatant 107 10 0 
+ Nucleic acid 90 92 









The conditions for incubation were as described in the legend to 
Table 3 The supernatant was the same as for the experiment shown 
in Table 3 and was replaced where indicated by 0 15 mgm /ml of 
nucleic acid (mixture of deoxyribonuclete acid and ribonucleic acid 1n 
the proportionsof7 1)180lated from Staph aureus 524 and 50 ugm [m] 
of cells were added Carrier cell wall was added as previously described 
(cf Table 3) and cell walls were re-isolated by the Cummins and 
Harris (ref 2) procedure 


524 


400 2,000 


1,500 


uU 
e 
e 


1,000 


te 
e 
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Total counts incorporated 


Total counts/min in sample 


100 500 





0 
150 


100 
Time (min ) 
Fig 2 Thesedimentation of whole cells from a broken preparation 


0 50 


during centrifugation at 1,000g at 0-4° Whole cells of Staphylo- 
coccus aureus strain 524 were labelled in their cell walls by 
incubation with labelled glycine (ref 22), washed and prepared as 
a thick suspension which was then added to the diluted crush 

The crush was prepared from Staphylococcus aureus strain 524 by 
passing a thick suspension of cells in M sucrose through the 
Hughes press working at —30° The crush was then diluted with 
either 0 1 M sodium—potassium phcsphate buffer, pH 7 0X, 
or with further M sucrose (A) At the times indicated the 
centrifuge was stopped, and samples taken from the supernatant 

In order to obtain as representative samples as possible without 
disturbing the sediment, the pipette was moved slowly down the 
tube while the sample was drawn into ıt The samples were 
mixed with trichloracetic acid to give a final concentration of 
5 per cent (w/v) and the precipitate washed once with 5 per cent 
trichloroacetic acid and dried by washing with acetone and ether 

The dried precipitates were weighed and assayed for radioaetivity 
at infinite thickness Total radioactive counts (that 13, weight x 
specific activity) are recorded © shows the ability of samples 
of the supernatants to mcorporate radioactive glycine into cel) 
wall material when tested under the conditions given in the 

legend to Tab-e 3 


and incorporating activity of tke cell wall and residual 
radioactivity due to whole cells remaming in the 
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supernatant after centrifugation at 0-4° compared. 
Two observations from Fig 2 can be made (1) that 
centrifugation at 1,000g m the presence of sucrose 
can be a very mefficient way of removing whole 
cells , (2) a difference between the rate of deposition 
of whole cells and the mcorporatmg activity of the 
preparations is apparent, thus suggesting that meor- 
poration might be taking place into some particle 
less dense than the whole cell This difference, 
however, can be largely accounted for by the m- 
creasing efficiency of the decreasing number of whole 
cells 
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RELATIONSHIP BETWEEN PHOTOPHOSPHORYLATION AND THE 
HILL REACTION 


By Dk H E 


DAVENPORT 


Agricultural Research Council Unit of Plant Nutrition (Micro-nutrients), 
Research Station, Long Ashton, Bristol 


RISING from the work of Hillt, ıb 1s now well 
known that isolated chloroplasts illuminated in 


the presence of a suitable hydrogen acceptor will evolve 
oxygen 
hight 
2A 4 


2H,0 — 2AH.+ Os 





chloroplasts 


Little doubt now remams that photolysis of water m 
the Hull reaction with production of reducing power 
and oxygen represents a partial model of photo- 
synthesis m a cell-free system 


Recently, Arnon, Whatley and Allen? have made 
the important observation that when a phosphate 
acceptor system (adenosme diphosphate, Mg?+ and 
PO,?-) 18 included ın the Hill reaction system with 
coenzyme II or ferricyanide as hydrogen acceptor, 
oxygen evolution is stoichiometrically related to 
phosphate esterified into adenosme triphosphate 
Moreover, in the ferricyanide reaction the rate of 
production of oxygen 1s stimulated two-fold by 
addition of the phosphate acceptor 

In the present work a simiar stimulation of the 
Hill reaction rate by phosphate acceptors has been 
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observed with coenzyme II as hydrogen acceptor 

The reduction of substrate amounts of pyridine 
nucleotides by catalytic amounts of chlorophyll has 
been shown to require a protem factor readily extract- 
able from chloroplasts?. A preparation of this factor 
was obtained from spmach leaves by the method of 
San Pietro and Lang! Chloroplasts were obtamed 
by grinding spmach leaves m 0 4 M sucrose contamnmg 
0 05.M tris buffer pH 7 8 and 0 01 M sodium chloride 

The fraction sedimenting between 500 and 1,500g was 
resuspended in the same medium Reduction of 
added pyridine nucleotide was followed by observing 
the increase ın optical density at 340 my after a period 
of ulummation The blank cell contamed all the 
reagents except pyridme nucleotide Fig 1 shows that 
the reduction of coenzyme II is stimulated 2 5-fold 
by the presence of the phosphate acceptor system 
and that all the components of this System are neces- 
sary for appreciable stimulation In these experi- 
ments, contrary to the findings of San Pietro and 
Lang‘, coenzymo I was not reduced either m presence 
or absence of the phosphate acceptor 
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Fig 1 Effect of phosphate acceptor system on the rate of 


reduction of coenzyme II by isolated chloroplasts The reaction 
mixture contained, in a final volume of 9 5 ml , leaf protein 
0 26 mgm, chloroplasts containing 23 ugm chlorophyll and 
(except where otherwise indicated) the following in micromoles 

(res buffer, pH 7 4, 80, coenzyme II, 0 5, adenosine diphos- 
phate, 2, magnesium chloride, 10, phosphate buffer, pH 7 4, 
80 Illumination by 500-watt projector lamp at 1 ft temp 16° 

Ll complete system, O, magnesium omitted » +, adenosine 
diphosphate and magnesium omitted, A,adenosine diphosphate, 

magnesium and phosphate omitted 


Arnon et al? m their observations on phosphoryl- 
ation accompanying coenzyme II reduction by 
illuminated chloroplasts have shown that addition of 
catalytic amounts of flavm mononucleotide or 
menadione abolish both oxygen evolution and the 
accumulation of reduced coenzyme II and stimulate 
phosphorylation A probable mechanism for this 
effect suggested itself m the course of the present 
work All the leaf and chloroplast protem fractions 
active in mediating coenzyme II reduction were 
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hght off reagent added 
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light ^ 

Fig 2 Reovidation of photochemically reduced coenzyme II by 

some catalysts of photophosphorylation Reaction mixture as 

Fig 1 (complete system) At the time indicated 0 05 umole of 

the following added A, flavin mononucleotide » D, pyocyanine , 

O, menadione 
found also to possess a very active coenzyme II 
diaphorase activity similar to that reported by 
Avron and Jagendorf’  Diaphorase m the presence 
of a rapidly autoxidizable hydrogen acceptor should 
function as a reduced pyridine nucleotide oxidase 
Menadione and flavin mononucleotide are hsted by 
Avron and Jagendorf as hydrogen acceptors for their 
coenzyme II diaphorase from chloroplasts Their 
effect in reoxidizmg reduced coenzyme II produced 
photochemically by a chloroplast system containing 
San Pietro and Lang leaf extract is shown m Fig 92 
g g 

Here also pyoeyanme is shown to have a simular 
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Fig 3 Catalytic effect of pyocyanine ın promoting reduction of 

methemoglobin by illuminated chloroplasts Reaction mixture 

contained chloroplasts equivalent to 35 ugm chlorophyll , whale 

muscle methemoglobin, 0 35 umole, phosphate buffer, pH 7 4, 

150 „moles and water to 5 ml Pyocyanine (0 05 umole) added 

at time indicated by arrow — Illumination by 500-watt projector 
lamp at 1ft,temp 18° 
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activity Pyocyanme has been found by Walker and 
ùll’ to resemble flavin monorucleotide and mena- 
dione as an active catalyst of photophosphorylation 
It has not previously been recozded as an autoxidiz- 
able hydrogen acceptor of the chloroplast diaphorase 

These observations suggest that these photophos- 
phorylation catalysts may function by maintaming a 
level of oxidized coenzyme II m competition with the 
hight-driven reduction of the coenzyme In the intact 
leaf this level would be maintamed by utilization of the 
reduced coenzyme in carbon dioxide fixation An 
objection to the concept 1s that the catalysts stumulate 
phosphorylation by chloroplasts m the absence of 
added coenzyme II and leaf extract It has, how- 
ever, been shown that isolated chloroplasts contain 
significant amounts of pyridine nucleotides? More- 
over, in the present work ıb was found that both 
the diaphorase and pyridme nucleotide reductase 
activities remamed in association with tbe chloro- 
plasts isolated m isotonic media Such chloroplasts 
1n conjunction with pyocyanme do m fact bring about 
re-oxidation of reduced coenzyme II in the absence 
of added leaf extract 

A necessary condition for a mechanism of this kind 
to function is that the photophosphorylation catalysts 
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should be shown to be reduced by iJluminated 
chloroplasts This was demonstrated indirectly by 
using the catalysts to couple the reduemg power of 
iummated chloroplasts to the reduction of methemo- 
globin Methemoglobin ıs not reduced directly by 
isolated chloroplasts? Fig 3 shows that addition of a 
catalytic amount of pyocyanine to the system results 
m a rapid reduction of the hem-protemn It thus 
appears that the pyocyanine can act as a hydrogen 
acceptor m. the Hill reaction, but m the absence of a 
further reduction step 1s rapidly reoxidized by free 
oxygen or its precursors m the system Similar 
results were obtamed with flavm mononucleotide 
and menadione 

The experimental details of this work will be pub- 
lished more fully elsewhere 
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STRUCTURE OF a-HYDROXYACETYLENE COMPLEXES 
OF PLATINUM(II) 


By Dr J CHATT, L A DUNCANSON and R G GUY 


Imperial Chemical Ir.dustries, Ltd , Akers Research Laboratories, The Frythe, Welwyn, Herts 


HE best characterized co-ordmation compounds 
contamung olefinic hydrocarbons as ligands are 
those of platmum(II) They were discovered in 
1830! Nevertheless, correspondmg complexes of 
acetylenie hydrocarbons have proved somewhat 
difficult to obtain, and then preparation has been 
reported only recently? °? Oui study? showed that 
the stability of the complexes depends critically 
upon the stiucture of the acetylenic hydrocarbon, 
RC=C R’ It appeared that the more electronegative 
and conjugative the nature of the hydrocarbon 
1adicals R and R’ the lower the stability of the com- 
plexes It 1s therefore surprismg that complexes of 
the dihydioxyacetylene, Me,C(OH) C = C C(OH)Me, 
(ac), with strongly electronegative hydroxyl groups 
attached to the a-carbon atoms should form relatively 
very stable complexes of the types K[acPtCl,], 
cts-[ac, NH,PtCl,] and trans-[ac,aminePtCl,]*, and so 
we have prepared a series of complexes of a-hydroxy- 
acetylenes and ther methyl ethers, compared 
ther stabilities, and examined ther infra-red spectra 
to see whether the hydroxyl groups contribute in 
some direct way to the stability of the complexes 
The hydroxyacetylenes form complexes of the 
type KfacPtCl,] by direct reaction with aqueous 
K,PtCl, or with K[C;H,PtCl,] m acetone, but up 
to the present ıt has not been possible to prepare 
from these the non-1ome bridged complexes ac;Pt;Cl, 
On the other hand, the acetylenic hydrocarbons 
form the bridged complexes directly, and the salts 
of the type K[acPtCl,] are usually unstable in water, 
eliminating potassium chloride and 1everting to the 
pridged complex The methyl ethersform considerably 
less stable complexes than do the hydroxyacetylenes 


In Table 1 we list a representative selection of the 
complexes of hydroxyacetylenes and ther methyl 
ethers, with pertment infra-red spectral data 

In these complexes the triple bond 18 co-ordinated 
to the metal as shown by the lowermg of some 200 
em -1 in the triple bond stretehmg frequency (vo=c) 
This should be compared with the lowermg of 150 
om -! observed in the corresponding olefin complexes® 
Tt 15 mteresting, too, that the hydroxyl groups are also 
profoundly modified when the hydroxyacetylenes 
form complexes, the O—Ħ stretchmg frequency 
(vo-g) being lowered by 110-140 em, depending 
on the substituent on the a-carbon atom This fact, 
and a number of supportmg observations which 
cannot all be presented here, lead us to suggest that 
the electron pairs on the oxygen atoms m the hydroxy- 
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Table 1 INFRA-RED DATA RELATING TO COMPLEXES OF HYDROXYAOETYLENES WITH PLATINUM(II) AT 20? C 
Complexes 
Hydroxyacetylene (ac) s 
K[acPtCl,] trans-[ac,p vpPtCl,]1 
, i 

?CExO* l Y»o—uHf »=c* mp °C Yoeso* 30—H "N—H 
Formula (em 71) (cm 71) (em 71) (dec ) (em 71) (cm E (em 71) 
Me,C(OH) C=C C(OH) Me, 2,2485 3,612 2,010 112-114 2,045 3,502 3,229 
Me,C(OH) C&C C(OMe) Mea Ue 3,610 2,004 tt 8,495 8,221 
Me.C(OMe) C=C C(OMe)Mes ** — 1,994 77—79 2,032 — 3,216 
Me,C(OH) C=C C(OH)MePh er 3,606 2,004 115-118 2,026 3,478 3,224 
But C=C C(OH) Me 2,228 ht 3,612 2,008 83-86 2,046 3,500 3,228 
But C=C C(OH)MePh den 3,001 2,009 107-109 5 2,041 3,475 3,224 





* Measured in ‘Nujol’ mulls at 20° © »(C—0) stretching gives only weak bands in the infra-red spectrum and the above assignment must 


be regaided as tentative + Measured ın carbon tetrachloride at 20° C 
tt Liquid film if Viscous 01] which did not crystallize 


and methoxy-acetylenes mteract with the vacant 
6p;-orbital of the platinum atom as shown m Fig 1 
Alternatively, m the case of the hydroxyacetylenes, 
the hydrogen atoms of the hydroxyl groups may 
interact with electrons in the 5d,:-orbital of the metal 
Thus the unexpected stability of the complexes would 
arise because the hydroxyacetylenes behave as 
multidentate hgands, and the platinum(II) atom 
has a very distorted octahedral configuration such as 
has been demonstrated’ in certain complexes of the 
type [o-C,H,(AsMe,).].Ptl, 

Intermolecular hydrogen bonding between the 
hydroxyl groups, or a hydroxyl group and a chlorme 
atom, 18 rejected as the cause of the lowermg m the 
O—H stretching frequency, because there are no 
bands which can be assigned to free hydioxyl 
groups ın the spectra of carbon tetrachloride solutions 
of the complexes, and the spectra of the solutions are 
unchanged on addition of dioxane Intramolecular 
hydiogen bonding between the hydroxyl groups and 
the chlorine atoms ıs sterically impossible if the 
triple bond hes perpendieular to the plane of the 
platinum and chlorme atoms, as does the double bond 
in the olefin eomplexes** In alkyne complexes of 
the type trans-[But C=C R,piperidmePtCl,], the 
N—H stretching frequency (vN-4) 18 mdependent of 
the group R in the alkyne, having a value? of 
3,221 em -! In the hydroxyacetylene complexes ıt 
changes considerably as substitution about the 
a-carbon atom is changed, and especially on methyla- 
tion of the hydroxyl groups This suggests that 
there 1s a route from the N—H bond to the place of 
substitution other than through the triple bond 
On the other hand, the N—H frequency (3,228 em -!) 
of the corresponding allyl alcohol complex, m which 
the hydroxyl group would not be expected to interact 
with the 6p;- or 65d,:-orbital for steric reasons, is 
identical with that of the corresponding complex of 
allyl methyl ether 


{pip = piperidine § Raman spectrum, see ref 10 ** Not visible 


The stability of the dihydroxyacetylene complexes 
1s highly dependent on the structure of the glycol, 
RR’C(OH) C=C C(OH)R^R"' When R = R' = R” 
R” = Me, stable complexes, NafacPtCl,] and 
K[acPtCl,], are readily formed, but the introduction 
of even one hydrogen atom (R = H, R’ = R” 
R” = Me) leads to the production of unstable gums, 
presumably? due to oxidation of the —CH(OH)— 
group to C=O Complexes of acetylenic glycols 
containing one or two phenyl groups (for example, 
R = R” = Ph, R' = R” = Me) axe less stable and 
have been isolated as potassium salts but not as 
sodium salts Hydroxyacetylenes with phenyl 
groups conjugated to the triple bond, for example, 
Ph C=C C(OH)Me, and o-HO C,H, C=C C,H, OH-o 
and the dryne diol Me,C(OH) C=C C=C C(OH)Me,, 
also give unstable complexes, which we have not been 
able to isolate as sodium or potassium salts, but which 
might be isolated as salts of larger cations? Agam 
1t appears that absence of conjugation and a high 
positive inductive effect of the substituent groups 
favour the formation of stable complexes 
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HETEROSIS AND THE GENETICS OF COMPLEX CHARACTERS 
By WATKIN WILLIAMS 


John Innes Horticultural Institution, Bayfordbury, Hertford 


ETEROSIS ıs one of a group of phenomena for 
which an adequate genetic interpretation has 
not emerged The group comprises inbreeding depres- 
sion, hybrid stability or homeostasis, general and 
specific combining ability, as well as hybrid vigour 
in its broadest sense In discussing the role of 


mbreeding and the superior yield of hybrids, Fisher! 
concluded that the removal of deleterious recessrves 
as a result of mbreeding could account for not more 
than 1 per cent of the improvement in yield in hybrids, 
and that mereases of the order of 20 per cent remamed 
to be explamed Interpretations based on the super- 
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ioriby of the heterozygote or ‘over-dommance”? have 
not proved entirely acceptable because whenever 
over-dominance has been mvestigated usmg genetic 
markers, 1t has not been found generally to occur? 
In the absence of a clear-cut umfymg hypothesis, 
present-day concepts of heterosis have become 
surrounded by highly sophistizated escape clauses 
involving all the known intricacies of gene action 

Heterosis and its allied expressions are properties 
of quantitative characters, particularly of such 
characters as yield, stature, viability and reproductive 
efficiency That all expressions of this kind are 
complex interactions between simpler growth pro- 
cesses is immediately obvious, and this common 
denommator of quantitative characters 1s frequently 
referred to ın discussions on heterosis Nevertheless, 
the mmpheations inherent m the absence of a direct 
relationship between gene and complex phenotypic 
expressions are seldom recognized in interpreta- 
tion 

In one of the first attempts at explaining hybrid 
vigour, Keeble and Pellew' suggested that the 
inheritance of height in peas could be explamed on 
the basis of two complementary loci each possessing 
one dominant and one recessive allele Excess height 
m the hybrid resulted from the complementarity 
of dommant alleles from opposite parents, one 
conditioning length of mternode and the other thick- 
ness of stem (Although m certain circumstances 
thickness of stem may contribute to stature m 
plants, ıt should be noted that the components 
mostly directly concerned with height are internode 
length and mternode number This, however, does 
not affect the principles revealed by the work ) 
The genetic interpretation advanced by Keeble and 
Pellew achieved meaning and simplicity only because 
of the recognition that stature as a measurable charac- 
ter was not a primary expression of gene function, but 
resulted from multiplicative interaction on the 
phenotypic level between components which segre- 
gated m & manner suggesting direct genic control 
The components of height m this material were not 
heterotic, and nothmg more complicated than 
dominance was necessary to provide an adequate 
genetic explanation of the results This early model 
of the behaviour of heterotic characters, although 
widely quoted as a special case, has not been fully 
explored and understood in later work ^ Hagberg5^, 
although recognizmg a similar system m data on 
Galeopsis under the term ‘combmation heterosis’, 
considered ıt could be different from ‘transgressive 
heterosis’ m which the hybrid is superior m one or 
more of the components of growth In this connexion 
he neglected the most important aspect underlying 
Keeble and Pellew's interpretation, namely, that 
height m the pea remamed genetically transgressive 
only so long as the components of height remamed 
unidentified The complexity of quantitative charac- 
ters generally 1s such that the resolution of ultimate 
cell processes 1s a matter of utmost difficulty In 
these circumstances, therefore, 1b 1s more rational 
to suspect the unitary nature of the component 
characters than to attribute hypothetical properties 
to the genetic system when departures from a 
complementary model are encountered 

Recent evidence from a study of mheritance of 
yield in the tomato has indicated that systems basic- 
ally simular to the model governing height m the pea 
may be of common occurrence It seemed, therefore, 
desirable to mquire how far the large body of experi- 
mental fact available concernmg heterosis and allied 
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phenomena fits ın with a simple genetic system when 
due weight 1s given to mteractions on the phenotypic 
level between the components of complex expres- 
sions 


Heterosis for Yield in the Tomato 


The five characters—number of flowers, date of 
first flower, average weight of fruit, number of fruit 
and yield of fruit—were studied ın three P, hybrids 
The parents and ther F, hybrids were compared 
using means of thirty replicates set out m randomized 
blocks 

None of the hybrids exceeded the better parent m 
any of the characters with the exception of yield per 
plant Yield m all three hybrids exceeded the highest 
yielding parent Yield when measured as weight 18 a 
product of number and weight of fruit, and m two 
of the hybrids number of fruit equalled the ‘mid- 
parent’ while the average weight of fruit was slightly 
in excess of this value The third hybrid mherited 
phenotypic dommance for a high number of frut 
from one of its parents but m weight of fruit ıt was 
only shghtly ın excess of the lower parent Heterosis 
in the compound character was a product of various 
levels of expression of the components in the F',, 
ranging from domunanoee of the better parent to a 
shght excess over the poorer parent Heterosis, 
therefore, 1s clearly a property of the phenotype, and 
1s conditioned by the nature of the association between 
the unit characters in the parents When two parents 
differ reciprocally for two mteracting components, 
and if the P,-levels compensate one another in such 
a way that their product 1s greater than ın the parent, 
heterosis ıs nevitable Table 1 gives asumple example 
showing the consequence of matmg reciprocally 
different parents 








Table 1 
Component Component 
Yield 
fruit number fruit weight 
Parent X 3 1 3 
F (heterosis for yield) 2 2 4 
Parent Y 1 3 3 





The genetic system m the above model 1s one of 
blending mheritance, and ıb 1s difficult and unneces- 
sary to envisage the operation of the remotest form of 
interaction on the genetic level The genes or gene 
products controlling average weight and number of 
fruit need not and probably do not interact m the 
sense that an enzyme and a precursor might interact 
in a synthesis Complex characters such as yield 
can be based on units of the genetic system which 
act completely independently of one another Inter- 
action occurs on a higher level of organization, 
among the components of the phenotype Thus to 
interpret hybrid vigour in terms only of gene mter- 
action 1s & basic misconception which bas contri- 
buted greatly to the present confused state of the 
subject 

The system described m the tomato has wider 
appheation as can be seen from investigations on the 
mheritance of yield m wheat? Yield of gram and 
the component characters weight per grain, grain per 
spikelet, spikelets per ear, ears per plant, were studied 
m all possible crosses between four varieties None of 
the components showed heterosis, and their levels m 
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P, hybrids were on average slightly in excess of the 
‘mid-parent’ Owmg to the small number of compari- 
sons possible m a 4 x 4 diallel cross, one cannot 
determme with any degree of certamty whether the 
excess was real Gram yield in all crosses was 
heterotic , the average yield of the parents and F, 
famihes was 31 9 +076 and 37 7 + 1 02 respec- 
tively The authors mterpreted this behaviour as 
being the result of multipheative as distmet from 
additive gene action, and concluded ‘16 can be said 
with confidence that gene mteraction plays a part m 
determining the control of this character” It now 
seems doubtful whether an interpretation based 
exclusively on genetic considerations was entirely 
justified 

Detailed exammation of the individual wheat 
crosses shows that all six parental combmations 
possessed varying patterns of mequality such as was 
described tor the tomato hybrids Four of the six 
were reciprocally duferent for all four components 
Since the component-levels in the hybrids were close 
to, or slightly ın excess of, the ‘mid-parent’, heterosis 
for grain yield was mevitable In wheat, as m the 
tomato, an essentially additive genetic system condi- 
tions a multiplicative somatic basis to yield which, 
when analysed as a simple character, leads erroneously 
to a non-additive genetic mterpretation 

In a further study on heterosis among 153 hybrids 
in a diallel cross of 18 inbred hnes of the tomato?, 
turther aspects of heterosis have been revealed which 
are relevant to this discussion First, m certain 
crosses heterosis has been found for yield components 
such as number of fruit, and this is mterpreted as 
evidence that the component itself may be a product 
of sub-units Secondly, heterosis for both yield and 
its components was expressed only m hybrids between 
the poorer parents Hybrids involvmg the best 
parents were inferior to the high parent 1n the crosses 
The best varieties possess optimal levels ın the yield 
components whereby maximal yields are achieved 
The highest levels of yield in the tomato can be 
expressed in homozygotes There is therefore no 
advantage for an mbreeding species such as the 
tomato in heterozygosity per se Thirdly, the com- 
ponents, number and weight of fruit, are negatively 
correlated, r = — 0 66 (n = 18) and — 0 70 (n = 
153) m the parents and hybrids respectively This 
implies that m the course of the production of a 
certam finite weight of fruit, a variety producmg 
large numbers will have small fruit and vice versa 
The maximal level at which each single component can 
function separately is far m excess of what can be 
achieved by their product The phenotype cannot 
sustain the production capacity that potentially 
resides m the multiplicative relationships between 
maxima at each of the unitary divisions of a complex 
expression When the limits for the respective func- 
tions are pushed too far by selection, or by mbreed- 
mg in outbreeders, a physiological breakdown 
occurs This frequently expresses itself as sterility, 
reduced viability or susceptibility to disease, 
and may be the basis of concepts of physiological 
limits}? 
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Heterosis and Inbreeding Depression 


Inbreeding 1s mvariably associated with loss of 
vigour in cross-fertilizing species The commonly 
accepted explanation for this behaviour 1s based on 
the dommance hypothesis, and on the segregation of 
homozygous genotypes The extent of the average 
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depression in a randomly breeding population where 
there 1s no selection depends only on the relative 
difference m expression between the segregatmg 
dominant and recessive alleles A genetic system 
which 18 strictly additive m expression cannot account 
for average mbreedmg depression because, im the 
absence of selection, gene frequencies remain un- 
changed and the mean of the inbred population is 
therefore unaltered This appears at first sight to 
exclude the possibility of commonly occurring systems 
such as were described for tomato and wheat bemg 
concerned in mbreeding depression 

The dommance hypothesis, despite the fit to average 
values of inbreeding, presents to my mund one 
unattractive feature Correspondence between experi- 
mental evidence and the dominance hypothesis centres 
around progeny averages, and the drop m vigour 1s 
related to the frequency of the homozygous recessive 
which after about five generations of selfing will be 
approaching the limit of 4 at each locus The 
homozygous dommant will also have the same 
frequency, and for n loci the frequency will be (1)* 
The failure in practice to isolate vigorous homozygous 
dommants has, on the dommance hypothesis, been 
attributed to the size of n and to lmkage A purely 
mechanistic explanation of this kind ıs not entirely 
acceptable for the interpretation of a vital process 
Furthermore, m view of the thousands of mbred Imes 
that have by now been studied m maze, ıt 1s mcon- 
cervable that chance recombinants of near maximal 
expression would not have appeared if the cause was 
one merely of permutation It must also be noted m 
this connexion that the chance of isolatmg recom- 
binants will depend not on the potential n, but on that 
portion which 1s heterozygous In crop plants such 
as maize in which some form of selection for vigour 
has been practised for centuries, the number of 
unfixed loci may be fewer than 1s generally assumed 
In attempts to make the dommance hypothesis 
acceptable It may be prudent, therefore, to explore 
other possible factors of causality 

The negative correlation between the components 
of complex expressions and the concept of physiologi- 
cal hmit may provide the missing factor necessary to 
explam mbreedmg depression in terms of additive 
genetic factors Selection experiments already 
mentioned clearly indicate the undesirable conse- 
quences of extremes of selection and of genetic 
fixation above the optimal level for fitness In terms 
of the components of fitness, physiological breakdown 
means that the tolerance-level of the product of 
component interaction has been exceeded Too 
many components are simultaneously at too high a 
level A proportion of the genotypes followmg 
inbreeding of heterozygotes should also show loss of 
fitness similar to that resulting from intense selection 
Multiple homozygotes for hypermorphic alleles 
segregating after inbreedinmg represent genotypes 
where all the components are simultaneously at a 
high level, and might be expected to belong to a class 
where fitness 1s severely reduced They are the 
equivalent of a highly selected, closed population 
where sterility, susceptibility to disease or other 
forms of debilitation are reducmg fitness 

The elimmation of dommants has been demon- 
strated by Fisher! m populations of Paratettix texanus 
m which it was estimated that double dommants 
were eliminated to the extent of not less than 40 per 
cent m each generation The mechanism underlymg 
this selective ehmination of genotypes is almost 
certamly physiological and corresponds very closely 
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to the system postulated here to account for mbreedmg 
depression 

If, as seems likely from tne above considerations, 
‘compounds’ of dommants or of hypermorphie alleles 
are to a greater or lesser degree self-elummating in 
outbreeders, the dommance hypothesis 1s not the 
only explanation for mbreedmg depression The 
pattern fits additive gene actaon equally well 

A distinction, therefore, has to be made between 
gene interaction and the interrelations of the com- 
ponent parts of the phenotype Phenotypic charac- 
ters may be multiplicative and may consequently 
show a mutually dependent relationship while the gene 
system 1s strictly additive and its units are strictly 
independent in function Heteross in complex 
characters has been shown here to occur m hybrids 
simply as a result of a reciprocal mequality of mde- 
pendent gene action m the parents Given reciprocal 
mequahty in the levels of component characters 
m the parents, intermediate levels m hybrids 
inevitably lead to heterosis ın the complex character 
It appears, therefore, that many of the difficulties 
that are encountered in the mterpretation of heterosis 
arise out of the failure to recognize the component 
parts of complex expressions 
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Multipheatrve mteraction between adjusted levels 
of component characters may govern the control of 
the physiological limit, as ıs indicated by negative 
correlations between components of yield m the 
tomato It 1s suggested that mal-adjusted, maximal 
levels of expression in sub-characters may be respons- 
ible for mbreeding depression m outbreeding species 
leading to the self-elmmation of genotypes homo- 
zygous for several dommant or hypermorphic alleles . 
Inbreeding depression, hke heterosis, may therefore 
be explamed simply on the basis of mteractions on 
the somatic level which are controlled by a comple- 
mentary, essentially additive genetic system 
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TURNIP YELLOW MOSAIC VIRUS NUCLEOPROTEIN PARTICLES 
WITH DIFFERING BIOLOGICAL AND PHYSICAL PROPERTIES 


By R E. F MATTHEWS 


Plant Diseases Division, Department of Scientific and Industrial Research, Auckland, New Zealand 


REVIOUS work? has shown that purified prepara- 

tions of turnip yellow mosaic virus contain two 
types of particle One 1s a nucleoprotem contammg 
37 per cent of ribonucleic acid withm a roughly 
spherical shell of protem The other 1s an apparently 
identical protem contammg no ribonucleic acid The 
nucleoprotein 1s mfectious while the protem 1s not 
The ratio of nucleoprotem to protem particles in the 
preparations 1s close to 2 11? The sedimentation 
patterns obtamed in the ultracentrifuge with both 
these components give no indication of mhomo- 
geneityl? 

The value of density gradient centrifugation under 
equilibrium conditions in strong cesium chloride 
solutions for the fractionation of macromolecules has 
recently been demonstrated‘ 5 

We have now found, using sedimentation mto dense 
cæsium chloride solutions under non-equilibrium 
conditions, that the nucleoprotem particles of turnip 
yellow mosaic virus fall into at least two classes with 
respect to density and mfectivity 

Turnip yellow mosaic virus was isolated from 
infected chinese cabbage plants by the armmonium 
sulphate procedure! or by differential centrifugation 
Prelmunary tests with wLole virus preparations 
showed that incubation with strong ezsium chloride 
solutions for 2 hr at room temperature, followed by 
14hr at 4°, had no detectable effect on the nfectivity 
of the virus To avoid anomalous effects due to 
crystallization or precipitation of the virus at room 
temperature in the strong salt solutions employed 
durmg sedimentation, all manipulations were earried 
out at temperatures between 4° and 10° C 

In the sedimentation experiments 1-10 mgm of a 
virus preparation in solution in 0 1-0 6 ml water 


was layered over 3 5 ml of cwsium chloride solution 
(density = 1 39-1 43) m a 'Lusteroid' tube The 
samples were then centrifuged for 200-240 mm at 
32,000 rpm m the Spmco model L preparative 
ultracentrifuge using the No 39S rotor Under these 
conditions the virus protem component stays m the 
boundary between the water layer and the cesium 
chloride solution The nucleoprotem sediments 
through the salt solution and resolves mto bands 
which can be located visually by scattered light 
(Fig 1) 

The various components were withdrawn by pierc- 
mg the wall of the tube with the needle of a hypo- 
dermie syringe, and dialysed to remove salt The 
bands cannot be removed quantitatively by this 
procedure, but other methods we have tested lead to 
substantial mixing of closely spaced bands Estim- 
ates of relative amounts of material in various bands 
were based on the ultra-violet absorption curves of the 
extracted samples Such estimates on duplicate 
pairs of bands varied by as much as 25 per cent 

In preparations of virus made by the ammonium 
sulphate procedure, two sedimenting bands appear. 
The faster-sedimentmg band (B,) usually contams 
1/5-1/20 as much material as the slower band (Bi) 
If these two bands are removed and the material 
from several tubes combined and run again, each 
band shows & shght contamination with the other on 
the second run A third sedimentation usually gives 
material with no observable contamination This 
result suggests that the bands are not produced by 
the action of cesium chloride on a uniform population 
of particles 
protem spectra, and the mtrogen/phosphorus ratios 
suggest that both types of particle have the same 


Both bands give typical virus nucleo- Pa 


me d 
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Fig 1 Fractionation of turnip yellow mosaic virus nucleoprotein 
1n à dense cesium chloride solution Of the two nucleoprotein 
bands appearing 1n the photograph, the upper (B,) 1s 1nfectious, 
while the lower (Bz) 1s non-infectious 4 mgm of a virus pre- 
paration in 0 15 ml of water was layered over 3 5 ml of a cesium 
chloride solution (density = 1 41) The tube was photographed 
after 220 min centrifugation at 32,000 rpm ın the Spinco 
No 39S rotor 


content of ribonucleic acid Solutions of the B, and 
B, components equalized with respect to optical 
density at 260 my were tested for mfectivity by 
moculation to half-leaves of chmese cabbage The 
infectivity of the B, component compared with B, 
from once-sedimented bands ranged ın different 
experiments from 25 to 6 per cent 

On three times sedimented bands the B, material 
had only 3 per cent the infectivity of B, Thus the 
B, band 1s very probably completely non-mfeotious 
However, to test the possibihty that B, and B, were 
two different strains of the virus of differmg mnfectivity 
multiplymg together m the plant, four single-lesion 
isolates were made from plants mfected with virus 
from each band The isolates were multiplied m 
chmese cabbage No symptom differences were 
observed Virus isolated by an initial high-speed 
centrifugation followed by one ammonium sulphate 
precipitation from each isolate gave a similar band 
pattern in all cases The B, band was present m 
about 1/20 the amount of the B, band That virus 
strains were not involved was confirmed by the pro- 
duction of the B, and B, bands from a ‘necrotic’ 
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stram of the virus which 1s biologically distmet from 
the type stram 

The B, and By bands appear m similar proportions 
m virus prepared from the same plant material, 
either by the aleohol-ammontium sulphate procedure, 
or by differential centrifugation alone It therefore 
seems unlikely that either of these bands ıs an artefact 
of the procedure used to isolate the virus 

However, in virus material 150lated by centrifuga- 
tion only, a third more slowly moving band (B,) 
appears following sedimentation in cæsium chloride 
This band 1s not visible m most ammonium sulphate 
preparations, and can be largely removed from virus 
prepared by centrifugation by one ammonium 
sulphate precipitation The fact that band B, 
sediments into a cæsıum chloride solution of D = 1 40 
suggests that ıt must contain some ribonucleic acid 
The ultra-violet absorption spectrum and the 
nitrogen/phosphorus ratio show that the material m 
the B, band contains a lower proportion of ribonucleic 
acid than the B, component and its infectivity 1s 
substantially less However, the B, material has not 
yet been obtained sufficiently free from contammation 
with B, for definitive chemical analysis or infectivity 
tests 

A detailed study of the serological behaviour of these 
nucleoprotem components has not yet been made 
However, all three give similar virus precipitation. 
end-pomts (based on the optical density of the 
solution at 260 mu) when tested with an antiserum 
prepared against unfractionated turnip yellow mosaic 
virus 

The experiments described above suggest that these 
nucleoprotein components are not artefacts of the 
purification or 1solation procedures, although 15 may 
be very difficult to prove beyond doubt that they 
exist as such m the plant The ability to fractionate 
a virus nucleoprotem preparation mto mfectious and 
non-infectious classes of particle should be useful for 
more detailed studies on the mactivation of the virus 
by various agents The fact that turnip yellow mosaic 
virus nucleoprotein as usually prepared 1s not homo- 
geneous may be particularly relevant for structural 
studies on the virus, for example, for end- group assays 
on the ribonucleic acid, where homogeneity of the 
startmg material ıs an essential prerequisite 

This work was supported in part by a grant from 
the Rockefeller Foundation 
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NITRATE REDUCTION BY AQUEOUS EXTRACTS OF EXCISED 
TOMATO ROOTS 


By C S. VAIDYANATHAN and Pror H E STREET 


Department of Botany, University College of Swansea 


XCISED tomato roots are normally supplied 
Tes nitrogen as nitrate (45 mgm N/l) ma 
medium of pH 45-481! By substituting ferric 
ethylenediamine tetraacetate for the ferric sulphate of 
White’s medium, active growth m nitrate occurs over 


the pH-range 4 0-7 2 and m ammonium (4 5 mgm 
N/l ) at pH 6 8 or above? Nitrite (7 0 mgm N/l) at 
pH 6 0-6 8 and glutamine (4 8 mgm N/l) at pH 
6 8 can also function as nitrogen sources for root 
growth A prehminary study has now been made of 
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the nitrate-reducing activity of aqueous extracts 
from excised tomato roots (Best-of-All) grown with 
these different nitrogen sources and im presence of 
0 001 ppm molybdenum 

The extracts were prepared by grinding the fresh 
roots with three volumes of water at 4° C followed by 
centrifuging at this temperature for 15 mm. at 600g 
1 ml of this supernatant was added to 3 ml buffer 
and the completed reaction mixture adjusted to 
5 ml and incubated at 20? C 

Nitrite was determined by the sulphanilamude-N- 
(1-naphthyl)-ethylenediamme hydrochloride method’, 
hydroxylamine and hypomtiite by the Czaky modi- 
fication of Blom’s procedure! and ammonia by the 
Conway mucrodiffusion technique in conjunction 
with the  phenol-hypoehlorite method The 
formation of mtrite from nitrate could be studied 
since nitrate reduction was not stimulated by 
addition of manganese whereas reduction 
beyond nitrite proceeded only very slowly ın its 
absence 

Extiacts from nitrate-grown roots, ın presence of 
0 2 M orthophosphate buffer (pH 7 0), did not reduce 
nitrate (50 pmoles potassium nitrate) to mtrite m 
absence of added co-factors or m presence of combina- 
tions of molybdenum (0 1 mole), reduced diphos- 
phopyridine nucleotide (0 3 mole) and flavin mono- 
nucleotide (0 5 pmole) However, the further 
addition of aldehyde-free ethanol (3 5 m moles), 
lactate (0 35 m mole), succinate (3 0 ymoles) or gluta- 
mate (1 5 umoles) led to the formation of 5-7 myumoles 
nitrite in 3 hi The necessity for these additions 
and the fact that a further small enhancement 
of nitrite formation followed the simultaneous addition 
of 08 umole meotinamude' suggest the presence 
m the root extracts of a drphosphopyridine nucleo- 
tide oxidase! By contrast, similarly prepared 
extracts from 15-day-old tomato seedlings showed 
the nitrate reductase activity (5 3 mymoles nitrite/ 
3 hr) without the addition of any dehydrogenase 
substrate 

The formation of nitrite by the extract of excised 
roots m the presence of molybdenum, diphospho- 
pyridine nucleotide, flavin mononucleotide and 
ethanol began to deviate from hneariy withm 2 hr 
although the nitrite content continued to inerease 
for at least 10 hr Activity could be detected over 
the pH range 5 7-8 0 with optimum activity at 
pH 6 5-708 When tested at 10-3 M, potassrum 
cyanide caused 90 per cent, and copper sulphate 
50 per cent, mbibition of activity , diethyldithio- 
carbamate, o-phenanthroline and 8-hydroxyquinoline 
were inactive as mhibitors at this concentration 
10-3 M sodium fluoride was slightly stimulatory 
Omission of molybdenum caused up to 20 per cent 
reduction in activity 

Extracts from excised roots grown for 15 days with 
ammonium or glutamine as nitrogen sources had 
barely detectable nitrate reductase activity, whereas, 
in a simultaneous test, extracts from nitrate- and 
nitrite-grown roots formed 52 and 45 mgumoles 
nitrite, respectively, in 2 hr Similar adaptive 
formation of the reductase has been reported from 
work with rice seedhngs? and wheat embryos! 
Tt ıs an essential part of future work to study this 
adaptive formation in excised roots over the short 
tame periods which have been used m work with leaf 
fragments! 

Verhoeven! has emphasized that at least three 
different types of nitrate-reducing systems are known 
and therefore, m encountering lack of nitrate reduc- 
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tion by excised root extracts m presence of added 
molybdenum, diphosphopyridme nucleotide and 
flavin mononucleotide, we tested a number of other 
combinations of possible electron donors and activat- 
mg metals This led to the detection of an enzymic 
reduction of nitrate to nitrite for which ascorbic acid 
and ferrous iron are essential co-factors Ascorbic 
acid causes a non-enzymic destruction of nitrite at 
the high acidity of the sulphanilamide reagent used 
for the nitrite determmation™® This was reduced by 
the presence m the reaction mixture of won and 
root extract Higher values for nitrite were obtamed 
by addition to the reaction mixture of 100 mgm 
‘Norit? carbon’ prior to the nitrite determimation, 
despite the known adsorption of nitrite by this 
reagent! 

The standard reaction mixture used m assaying the 
activity of the ascorbic acid-ferrous iron enzyme 
system contamed, in 8 m] 3 ml 0 2 M phosphate 
buffer (pH 7 2), ascorbic acid (1 1 pmoles) ferrous 
sulphate (0 7 umole), molybdenum (0 1 ymole), 
50 umoles potassium nitrate and 1 ml root extract 
Roos extracts prepared on separate occasions differed 
in activity, nitrite formation m 2 hr at 20° C 
ranged from 3 5 to 8 1 mymoles Omission of molyb- 
denum reduced activity by up to 15 per cent No 
activity could be detected with boiled extract or when 
either iron or ascorbate was omitted, except that 
ascorbate alone had low activity m presence of 0 3 ml 
saturated solution of sodium fluoride, possibly due to 
fluoride mhibition of the dissimilation of endogenous 
electron donors'® Nitrite formation did not occur 
in presence of root extract, buffer and homocysteine, 
but this latter substance alone among those tested- 
significantly enhanced activity ın presence of ascorb- 
ate (for example, 0 15 umole homocysteme raised 
the mitrite production m 2 br from 37 to 65 
umoles) 

No results have yet been obtamed on which to 
assess the ın vwo significance of this ascorbic acid— 
iron activated system Study of its activity ın reduc- 
tion below the level of nitrite was precluded by the 
demonstration that ascorbate + mon caused a non- 
enzymatic destruction of hydroxylamme without 
formation of detectable quantities of nitrite or 
ammonium 

Using a reaction mixture contammg diphospho- 
pyridine nucleotide, flavm mononucleotide (or 0 65 
umole glutathione), 15 umole nitrite, 0 1 umole 
manganese and 3 ml 02 M pyrophosphate buffer 
(pH 7 5) extracts from nitrate- or nitrite-grown roots 
caused complete disappearance of nitrite m less than 
3 hr Only very low activity occurred in absence of 
added manganese" Very little or no ammonium 
formation accompanied disappearance of nitrite, and 
the main reduction product appeared to be hyponi- 
trite since 15 could be oxidized back to nitrite by 10dine, 
and hydroxylamme could not be detected by the 
o-phenanthroline method!* Extracts prepared from 
roots grown with ammonium or glutamine as nitrogen 
sources showed barely detectable mitrite reductase 
activity 

Extracts from nitrate-grown excised roots formed 
ammonium from nitrite (1 5 pmoles), hyponitrite’’ 
(1 0pmole) or hydroxylamine (4 3 moles) when both 
lactate (0 35 mmole), succimate (3 0 pmoles) or 
formate (6 1 umoles) and nicotmamude (0 8 pmole) 
were added to the reaction mixture Only about 
30 mymoles ammonia arose during the complete 
destruction of the added nitrite Hyponitrite destruc- 
tion proceeded slowly and extension of the mcubation 
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period to 10 hr was required to obtam 20 mumoles 
ammonium  Hydroxylamine disappeared completely 
withm the 2 hr meubation period but only 30-35 
per cent of the nitrogen was recovered as ammonium, 
suggesting the possible formation of oxime-lke 
compounds 

Excised tomato root extracts m presence of added 
diphosphopyridme nucleotide and flavm mono- 
nucleotide can effect reduction of nitrate, nitrite, 
hyponitrite and hydroxylamino, in agreement with 
results for Newospora cassa‘7.18 The reduction 
steps beyond nitrite are activated by manganese 
In this cham the hyponitrite reduction step appears 
to be rate limiting Roots grown upon ammonium 
or glutamine have very low nitrate- and nuitnite- 
reducing activities as compared with nitrate- and 
nitrite-grown roots A thermo-labile system for which 
ascorbate and iron are co-factors and which in vetro 
effects nitrate reduction 1s also present 

Acknowledgment 1s made to the University College 
of Swansea for a research fellowship and to the 
Indian Institute of Science for the leave of absence 
which enabled one of us (C S V ) to participate in this 
work 
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A NEW APPROACH TO THE DATING OF THE DEAD SEA 
SCROLLS 


By Pror D BURTON, M.BE., J B. POOLE and Da R REED 


Department of Leather Industries, The University, Leeds, 2 


pe their discovery some twelve years ago, the 
Dead Sea scrolls have attracted considerable 
interest for the light they may throw upon historical 
Judaism and Christianity The scrolls, mostly 
written upon materials derived from animal skin, 
were found m a number of caves at the edge of the 
Judaean plateau, a dry and largely mfertile region 
about a mile from the western shore of the Dead Sea 
The richest collection of manuscripts came from Cave 
4, a mere stone’s throw from the ruins of a settlement 
known as Khirbet Qumran 

It was early considered that a connexion might 
exist between the settlement and the scrolls, thus 
for a number of seasons archeologists excavated the 
site! The oldest levels were of Israelite occupation 
and dated from the eighth-seventh centuries B C 
The major part of the finds, however, pomted to an 
establishment which was probably built in the reign 
of John Hyrcanus (135-104 BC) and which was 
elaborated up to 31 8 € , when it 1s thought to have 
been abandoned following a severe earthquake m 
Judaea The site lay deserted until the time of 
Herod Archelaus (48 0 —4 D 6), whenit wasreoccupied 
by the previous settlers until it was finally destroyed 
by Roman solders m AD 68 durmg the first Jewish 
revolt 

Some controversy still surrounds the identification 
of the settlers, but the majority view? 1s that they 
were either the Jewish religious sect called the Essenes 
or another Jewish group having much in common with 
the Essenes It 1s generally believed that the scrolls 
were the property of the settlers, and thus the 
archeological datings of the occupation of Qumran 
constitute criteria for dating the manuscripts 


The large number of scrolls which have been dis- 
covered has also enabled palzographers to trace with 
greater certainty the evolution of Hebrew script and 
thus, mdependently, to date the copymg of the 
manuscripts Briefly, the scrolls cover the period 
from the late third century BC to the second half 
of the first century AD, while the manuscripts 
regarded as peculiar to ther owners (for example, 
the Manual of Discipline) are considered to have 
first appeared ın the middle of the second century 
Bc (ref 3) This latter date corresponds with the 
tıme when the Dead Sea community first segregated 
themselves from ther fellow Jews, and also is in 
substantial agreement with the earhest settlement 
levels at Qumran However, these majority views 
have not been universally accepted, and throughout 
Del Medico‘ has maintained. that no direct connexion 
between the scrolls and the settlement existed Del 
Medico considers that the scroll caves are deposits 
(genazoth) of books either worn out through extensive 
use or unacceptable m character to the Jewish 
authorities If this view 1s correct, the date of the 
final abandonment of the settlement obviously could 
not be used as a guide for datmg the scrolls Inde- 
pendently, Sukenik* had come to a simular conclusion 
Furthermore, Driver*, Teicher? and Zeithn?, while 
not acepting the genrzoth hypothesis, all favour dates 
later by as much as several centuries than those 
indicated above 

Thus a need still exists for additional methods of 
dating the scrolls and preferably for those free from 
the subjective element inherent m the palxographic 
approach and involving the examination of the chemi- 
cal and physical nature of the actual scroll materials 
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No such datmg tests on the scrolls themselves have 
hitherto been made — Linen from Cave l and palm 
wood from the settlement rums have been dated by 
the radioactive carbon technique and gave median 
dates of AD 33, with a standard deviation of 200 
years for the hnen? and of 7 Bc and AD 18, each 
with a standard deviation of 80 years, for the palm 
wood samples! However, the exactness of this 
datmg technique for archzological purposes 1s 
limited and the method can give at best only general 
confirmation of dates established by other means! 

The fact that many of the scrolls are made from 
animal skins, the major fibrous component of which 
1s collagen, affords the possibility of an independent 
method of datmg by measurmg the shrinkage tem- 
perature of the fragments Unpublished work from 
this Jaboratory has shown that the scrolls are parch- 
ments, made mainly from the skins of sheep and of 
goats Parchment 1s made from animal skins which 
have been unhaired and then allowed to dry under 
tension, usually by stretchmg on a wooden frame 
The resulting materialis durable and needs no further 
chemical treatment, though often, for writing pur- 
poses, the surface ıs made smooth by mechanical 
means Thus the makmg of parchment ıs quite 
distinct from that of leather, where the unhaired skin 
(pelt) ıs stabilized by treating ıt chemically with a 
tanning agent Skins processed as parchment may 
last for very long periods provided they are kept dry 
Indeed, this 1s the reason why the Dead Sea scrolls 
are still m existence Any degenerative changes 
occurrmg 1n the collagen fibres present in dry parch- 
ments are thus likely to be due mamly to the passage 
of time Moreover, these changes should be reflected 
m a lowermg of the shrmkage temperature of the 
collagen fibres Accordingly, the shrinkage tempera- 
tures of a number of scroll fragments were compared 
with those of other parehment-like materials of known 
age, n an attempt to establish a correlation between 
age and shrmkage temperature The materials 
studied were ! 

Group A English parchments covermg the 
period 1193-1955 AD Supphed by the Public 
Records Office, the Chapter Library of Canterbury 
Cathedral, Dr M L Ryder, Wool Industries Research 
Association, Leeds, 6, and Mr T H Gardner, of 
Ampthill, Beds 

Group B Parchments from the Wady Murabba’at 
caves, dating from the second J ewish revolt, AD 
132-135 

Group C Scroll fragments from Cave 4, Qumran 
These and the Murabba’at fragments were supplied 
by the Department of Antiquities, Hashemite King- 
dom of Jordan, and by Mr J M Allegro, University 
of Manchester 

Group D Egyptian Aramaic letter fragments of 
the fifth century BC, suppled by the Bodleian 
Library, Oxford 

Group # Egyptian raw hide axe-bafüng, c 
1300 8c, supplied by the Department of Egyptian 
Antiquities, British Museum 

The shrmkage temperatures were determined by 
the method of Borasky and Nuttmng!? as slightly 
modified by Gil? Small samples of the materials 
were rehydrated for l hr m distilled water and small 
fibres teased from them, before mounting (between 
circular cover slips) on the heating stage of the 
microscope Heat was applied at a constant rate 
(2 deg C [mm ) and, so far as possible, fibres of similar 
size were used The shrinkage temperature was taken 
as bemg that at which the fibre first began to shrmk 
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Usually the mean of three determmations was taken 
for each material, and the results are shown m 
Fig 1 

As regards ther shrmkage temperatures, the scroll 
fragments le closer to the older samples m groups 
B, D and E than to the relatively modern parchments 
(group A), which all show higher values Hence it 1s 
likely that the scroll fragments are mdeed old and 
that zhey are slightly older than the Murabba’at 
samples, the age of which 1s well authenticated 
Moreover, 1t 18 unlikely that the scroll material dates 
from medieval times, as Zeitlm® has suggested The 
present findings on the date of the scrolls are thus m 
general agreement with the assessments based on 
archeological, paleographic and radioactive-carbon 
studies One could be more certain of the usefulness 
of shrmkage temperature as a guide to age if more 
parchments older than AD 1200 were available for 
study but such samples are very difficult to obtain 
It should be emphasized that this method of dating 
necessarily only gives a general guide to the date 
at which the scroll materials themselves were pro- 
cessed from animal skins It throws no direct light 
on the dates at which the scrolls were copied and 
deposited 1n the caves 

We wish to thank the Department of Scientufic 
and Industrial Research for providing a special grant 
for this work, also those people who have kindly 
supplied us with the various samples 
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(Meeting marked with an asterisk * 2g open to the publw) 


Monday, October 12 


INSTITUTION OR ELECTRICAL ENGINEERS (at Savoy Plaee, London, 
W C 2), at 5 30 p m —Discussion on “Is the Present Pace of Electrical 
Progress Good for the Community ?” 


SocrETY OF CHEMICAL INDUSTRY, SURFACE ACTIVITY GROUP (at 
14 Belgrave Square, London, S W 1),at 5 30 p m —Dr Chas M Blair 
“The Resolution of Petroleum Emulsion” 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, Umver- 
sity College, Gower Street, London, W C 1), at 5 30 pm-—Prof O D 
O'Malley (University of California’ Medical School) First of three 
lectures on “Andreas Vesalius—The Development of a Scientist” 
(Further lectures on October 14 and 15 )9* 


BEE RESEARCH ASSOCIATION (1n the Meeting Room of the Zoological 
Society of London, Regent's Park, London, N W 1), at 630 p m — 
Dr F G Smth “Bees and Beekeeping ın the Tropics”, ulustrated by 
a colour film “Tanganyika Beeswax” § p m —Prof G F Townsend 
“The Activity of Royal Ji elly Against Leukaemia and Ascitic Tumours” 


ROYAL INSTITUTE OF CHEMISTRY, London Section (joint meeting 
with the Ewell County Technical College Faraday Society, at the 
Ewell County Technical College, Reigate Road, Ewell, Surrey), at 
7pm—Dr A T James “Gas Phase Chromatography” 


Tuesday, October 13 


PHYSICAL SOCIETY, Low TEMPERATURE GROUP (at the Royal Insti- 
tution, Albemarle Street, London, W 1), at4pm—Dr H London 
"Superftud Helm” (First Simon Memorial Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 530pm— 
Prof A Tustm “The Relationship of Physical Mechanisms to 
Psychological Processes” (Chairman’s Address) 


SoorETY OF CHEMICAL INDUSTRY, FOOD GROUP (joint meeting with 
the Chemical Engineermg Group, at 14 Belgrave Square, London, 
SW1)at615pm-—Mr G C Eddie and Mr S Forbes Pearson 
r agneermg Aspects of Recent Research Projects 1n the Preservation 
of Fish” 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE IN 
ASSOCIATION WITH GRANADA TV NETWORK (at the Guildhall, London, 
EC 2), at 830 pm —Sir Edward Appleton, FRS First of the 
Inaugural Series of The Granada Lectures on the theme of **Com- 
munication in the Modern World” 


Wednesday, October 14 


BRITISH COAL UTILISATION RESEARCH ASSOCIATION (at the Institu- 
tion of Civil Engineers, Great George Street, London, S W 1), at 
5 30 p m—Sir Eric Rideal,F RS “Coal—a Colloid and a Chemical” 
(Eighth Coal Seience Lecture) 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W C 2), at 6 p m —Discussion on 
“Graduate Training in Industry”, opened by Mr W H Taylor 


INSTITUTION OF MECHANICAL ENGINEERS (at_1 Birdcage Walk, 
Westminster, London, S W 1), at 6 pm —Mr H Desmond Carter 
“The Engmeer, Life and Diesel Engines” (Presidential Address) 


SOCIETY oF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S W 1), at 6 pm —Mr K HR Wright “Fretting 
or osion?” 


Thursday, October 15 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (joint meeting 
with the Iron and Steel Institute, at 14 Belgrave Square, London, 
S W 1), at 2 p m —Discussion of the 6th Report of the BISR A 
Corrosion Committee 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society of London, Burlington House, Piccadilly, London, W 1), at 
5pm —Seientific Papers 


LINNEAN SOCIETY OF LONDON (at Burhngton House, Piccadilly, 

London, W 1), at 5 pm —Dr C R Metcalfe “A Botanical Visit to 

the West Tadies”!, r Norman K B Robson “Iter Zambesiacum 
1959" 


INSTITUTION OF ELEOTRIOAL ENGINEERS, UTILIZATION SEOTION (at 
Savoy Place, London, W C 2), at 5 30 pm-—Mr T E Houghton 
“The Electrical Engineer and the Heavy Chemical Industry" (Chair- 
man’s Address) 


ILLUMINATING ENGINEERING SoorETY (at the Royal Institution, 
Albemarle Street, London, W 1), at 6 pm -Sir Lawrence Bragg, 
FRS “The Nature of Inght” (Golden Jubilee Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S W 1),at6pm—Dr E D 
Tingle and Mr N Wright “An Investigation of the Weathering of 
Road Tar in Open Textured Surfacing” ; Dr J R Dewhurst “An 
Investigation of the Setting of Road Tar in Surface Dressing" 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W 1), at 7 30 pm -—Sir Wiliam 
MacArthur, K CB, DSO “The Identification of Some Pestilences 
of the Past” (Presidential Address) 
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ASSISTANT (Scientific) (with a qualification 1n physics or chemistry at 
GCE 'A" level, or alternatively some laboratory czpernenoe) for 
work on the same programme—Technical and Scientific Register (K), 
Ministry of Labour and National Service, 26 King Street, London, 
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SENIOR DEMONSTRATOR (with experience in physical chemistry), 
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IN THE DEPARTMENT OF CHEMISTRY, University of Queensland, 
Austraha—The Secretary, Association of Universities of the British 
uare, London, W C 1 (November 14) 

he Seeretary, The University, Edin- 
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MycoLoqist (with a good honours degree 1n botany with mycology 
às à special subject, and a knowledge of the more fundamental aspects 
of animal and human mycoses), at the Commonwealth Mycological 
Institute, Kew—The Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Bucks (November 30) 

SENIOR RESEARCH FELLOW (with a postgraduate degree or research 
experience in the biochemistry or immunology of parasitic infections) 
IN IMMUNOLOGY—The Registrar, University of Queensland, St Lucia, 
Brisbane, Queensland, Austraha (December 1) 

ENTOMOLOGIST (with a good honours degree 1n zoology, with at least 
two years’ postgraduate experience or training 1n agricultural entomol- 
ogy) IN THE DEPARTMENT OF AGRICULTURE, Nyasaland, to control 
crop pests—The Department of Recruitment, Colonial Office, London, 
S W 1, quoting BCD 63/4/016 
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Army Map Service, Washington Technical Report No 24 Statisti- 
cal and Harmonic Analysis of Gravity (Project No MO-011, March, 
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Museum of Applied Science of Victoria Report of Activities for 
the year ended 30th June 1958 Pp 27 (Melbourne Museum of 
Applied Science of Victoria, 1959 ) [77 

Bulletın of the American Museum of Natural History Vol 117, 
Article 4 Organism Communities and Bottom Facies, Great Bahama 
Bank By Norman D Newell, John Imbrie, Edward G Purdy, and 
David L Thurber Pp 177-228--plates 58-69 (New York American 
Museum of Natural History, 1959 ) 1 75 dollars [77 

Califorma Academy of Sciences Proceedings Vol 29, No 13 
(May 29,1959) From Pipefish to Seahorse—a Study of Phylogenetic 
Relationships By Earl 8 Herald Pp 465-473 Vol 29 No 14 
(May 29,1959) A Review of the Snakes of the Genus Pseudorabdion 
with remarks on the status of the Genera Agrophis and Typhlogeophis 
(Serpentes  Colubridae) By Alan E Leviton and Walter C Brown 
Pp 475-508 Vol 29,No 15 (May 29,1959) Behavior and Reactions 
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Verhandelingen No 54 (1,A)-Curves for Bodily Seismic Waves of any 
Focal Depth By A R Ritsema Pp 10 Earthquakes in Indonesia 
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EXPANSION OF EDUCATIONAL AND TRAINING FACILITIES IN 
BRITAIN 


Wa moving the second reading in the House 
of Lords on April 28 of the Factories Bill, 
which amplifies and amends the Factories Act, 1937, 
the Earl of Dundee pomted out that 1t empowered 
the Minister, under Clause 25, to rmprove his advisory 
services by the collection of mformation, the mvesti- 
gation of problems of health, safety and welfare, 
including the establishment of laboratories not only 
for research but also, as Mr Jan MacLeod had 
explained in the House of Commons, for wider pur- 
poses and the dissemmation of the results to industry 
The Bill, m fact, constituted a new departure m 
factory legislation, and he emphasized the con- 
structive and co-operative aspect of the work of the 
factory mspectorate There are now 409 inspectors, 
and it ıs hoped to have 445 very soon, but quality 
and experience are regarded as more important 
than numbers Other mnovations m the Bul, which 
received the Royal Assent on July 29, empower the 
Munster to make special regulations as to the measures 
to be taken in factories to reduce the risk of fire, 
including regulations prescribing requirements as 
to the mternal construction of a factory and the 
materials to be used, and call for the provision and 
maintenance in every factory of appropriate and 
readily available means for fighting fire. 

In the debate, Lord Wilmot of Selmeston remarked 
that the Bill is an outstanding example of Parliament 
at its best m the active co-operation of Government 
and Opposition m pursuit of a common aim Lord 
Stonham expressed the hope that m promoting a 
partnership of safety m the factories, the Govern- 
ment would greatly strengthen the provisions for 
consultation and research mto safety, and suggestd 
that full mformation was a prerequisite of confidence 
Lord Taylor estimated that sickness and accident in 
industry in Britain represent a loss of £780-£1,000 
milion a year, mostly through mmor illness and 
minor accident, and he stressed the importance and 
value of an efficient mdustrial health service, m- 
eluding such a co-operative and mobile industrial 
health service as had been created at Harlow The 
Earl of Dundee particularly welcomed this suggestion 
as providing a solution to the problem of makmg 
tramed assistants available to the smaller type of 
factory 

The Bull obviously strengthens the contribution 
which science can render to mdustrial health and 
safety On the second readmg of the Bill in the 
House of Commons last November, the Minister of 
Labour and National Service emphasized the critical 
importance of the strength and efficiency of the 
factory mspectorate, and this was recognized on all 
sides Mr Robert Carr, however, directed attention 
to the way m which the growmg complexity of 
industry has inereased the drfficulty of progress 
simply by enforcement It has become more and 


more impossible for a general mspectorate to possess 
all the technical qualifications needed to cover the 
whole range of industry in its area Waith all the 
help ıt can draw from a more or less centralized 
and specialist branch, to which we must look m- 
creasingly for encouragement and advice for major 
advances in the future, we are once agam remmded 
of the importance of the continual expansion of 
education and traming facilities m Britain 

Three other recent debates have also stressed the 
importance of this factor, and particularly the need 
to implement the recommendations of the Carr Report 
on recruitment and traming of young workers in 
industry Intervemng im the debate on secondary 
education in the House of Lords on February 26, 
Lord Rochester urged that the employment of young 
people, and particularly thei traming as apprentices, 
should be regarded just as much a part of ther 
education as that which they receive at school, and 
that before steps were taken to raise the school- 
leavmg age further, the possibility of mdustry 
absorbing them all at any one tıme each year, 
instead of three times as at present, should be 
exammed Lord Rochester thought that to lmut 
intake to one occasion in the year might m practice 
prove a retrograde step even to the technical educa- 
tion of the boys, but he urged that from the point 
of employment the problem is much too important 
to be handled without the closest consultation both 
with the trade unions and the employers 

That aspect was also stressed in a debate on the 
effects of automation, on a motion of Mr F Lee 
m the House of Commons on May 1 Mr Lee's 
motion, recognizing the need for British mdustry to 
keep abreast of modern production methods, and 
also the need to allay fears of heavy unemployment, 
urged an intensive study of the probable consequences 
of automation, and that the Government should 
mvite industry to co-operate in introduemg the 
necessary changes with a minimum of hardship to 
its employees, and m supporting the motion Mr 
Austen Albu emphasized the bearing of technical 
education Mr MacLeod, in his reply, referred to 
the survey which had been made by the Department 
of Scientific and Industrial Research in 1954, and to 
the general endorsement of the conclusions of the 
report in July 1956 by the National Jomt Advisory 
Council A subsequent inqury by the Board of 
Trade, the results of which were published in the 
Board of Trade Journal of February 1958, suggested 
that automation would tend to decrease the number 
of unskilled labourers but increase the number of 
slalled technicians of all kinds Firms did not expect 
automation to lead to any severe reduction m the 
size of them labour force, partly because that force 
would be re-deployed substantially within the factory, 
and partly m consequence of an mereased level of 
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activity Mr. MacLeod believes, however, that 
merease in apprenticeship trammg is the respons- 
ibility of industry, and that the Government can only 
mdirectly stimulate that He referred to the studies 
of technical change which the Department of Scientific 
and Industiial Research is already sponsormg and 
thmks that this work on the social aspects of tech- 
nological innovation might 5e better co-ordmated 
and given more publicity He undertook to raise 
this question with the National Jomt Advisory 
Council. 

In opening a debate on youta employment problems 
on April 30, Mr. A Robens suggested that the future 
of Britain 1s based on the development of our tech- 
nical skills, and that we must take firm action to 
ensure that our people are highly skilled and able to 
make full use of the possibilities offered ın electronics, 
nuclear power and transfer machines. Our educational 
programme, including the development of technical 
education, contemplates an output of about 20,000 
scientists and technologists a year by 1970, and to 
make full use of the technologists some five or six 
technicians are required for each technologist Tho 
production of these technicians and craftsmen 1s 
regarded by Mr Robens as tne key problem, and to 
meet the needs of the increased number of school. 
leavers we should be taking about 135,000 into skilled 
apprenticeship a year. The evidence of recent 
months, he asserted, ıs that there are msufficient 
vacancies for boys who have the necessary educa- 
tional qualifications, and he believes that only by 
persuasion or legislation will mdustry be mduced to 
provide the extra traming places required, many of 
which would be surplus to present requirements He 
said that the trade unions have a responsibility herc 
—m the prmtmg trade and m the shipbuildmg 
industry the number of apprenticeships is strictly 
limited, 

Mr Robens advocated re-examination of the length 
of time required for an apprenticeship and challenged 
the practice of restricting entry to those leaving 
school at fifteen or sixteen He believes the older 
boy with added educational qualifications would be 
hkely to acquire his craft ekill more rapidly, and 
further, that full employment could not be guaranteed 
on the basis of an mevitable job Mr Robens sug- 
gested that smce industry could not do this on 
its own, the Munistry of Labour should assist by 
makmg use of redundant Royal Ordnance factories 
or Muustry of Supply factories, so as to meet the 
needs of the small firms for tramung apprentices 
Something more was required than had been recom- 
mended by the Carr Committee 

The Parliamentary Secretary to the Ministry of 
Labour and National Service warmly welcomed Mr 
Robens’s speech, though he thought the prospects of 
employment for boys and girls depend on economic 
expansion and not merely on the size of the bulge, 
and he was not convinced that opportunities for 
apprenticeship are as lmmited as Mr Robens sug- 
gested He believes that the Government’s part should 
be, first, to provide adequate facilities for technical 
education, and secondly, to shape the conditions m 
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which industry can best play iis own part The 
Industrial Tramimg Council should take a most 
important part m developing a strong and effective 
leadership m industry towards expanding trammg 
opportunities m each individual mdustry, and the 
Council has, m fact, already asked both employers 
and trade unions to examme urgently the Carr 
Report The Government also proposes to make a 
grant of £75,000 to the Council to further the appoint- 
ment of trammg development officers, erther by the 
Counei itself or by employers’ organizations, joint 
industrial councils or gumilar bodies He was con- 
fident that the Carr Report has already had a pro- 
foundly beneficial effect on the situation 

Mr Robert Carr, who also spoke, explamed that 
the Carr Committee was influenced m. rts recom- 
mendations by the view that more rapid progress 
would be achieved by buddmg on practice and 
tradition rather than by broakmg completely with 
the present system, even if the Commuttee did not 
condone the present mgidity of much of ıt He 
believes that ıb ıs essentially ın the smaller and 
medium-sized firms that an increase 1n traming could 
take place m the skills we need, and that help with 
the first year’s traming of an apprentice 18 par- 
tacularly desirable Pre-apprenticeship courses could 
be developed in technical colleges, but the develop- 
ment of group apprenticeship schemes requires 
further attention, and small and medium-sized firms 
could be helped by more block release m technical 
colleges as an alternative to day release While 
weleomung Mr Wood’s announcement, Mr Carr said 
he thinks there might be a capital grant towards 
the establishment of jomt traming centres and tax 
1emussion to firms m respect of the number of them 
apprentices, and finally he stressed the importance 
of quality. 

Mr A Albu, who pomted out that only between 
20 and 30 per cent of school leavers receive any 
further trammg at all—and ın some occupations only 
2-3 per cent receive any serious iramung for ther 
employment—quoted an estimate that we would 
need 1,300,000 skilled workers and 450,000 tech- 
nicians by 1966 To provide these, about 86,000 
extra apprenticeships would be needed each year, or 
nearly three times the present number He suggested 
a levy, based on the number of skilled workers 
employed, to enable traimmg workshops to be estab- 
lished m technical colleges, and also that the Indus- 
trial Trammg Council should be reconstituted under 
an mdependent charman, with a specialist and highly 
qualified staff Stress was laid by Miss Elame Burton 
and by Miss Joan Vickers on the importance of the 
Youth Employment Service, and the need to see that 
this 1s properly supported, and that youth employ- 
ment officers aie sufficiently well paid to attract able 
and really qualified people to such posts 

Su Edward Boyle, who replied on the debate, said 
that to achieve the objectives leid down m the 1956 
White Paper on Techmecal Education, we must 
achieve an average mcrease mn the number of part- 
time day release students of about 40,000 a year 
Although m 1958 there had been a recession of 
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17,000 part-time day-releases, the advanced levels in 
technical colleges are progressing well and the colleges 
are also diversifying their courses and providmg new 
types of courses for the oidimary craft apprentices 
and technicians The teaching foice of the colleges 
18 increasing and in 1958 reached a record total of 
13,500 The technical colleges, however, cannot do 
their best without the active co-operation of industry, 
and Sw Edward stressed the need for close and 
regular contact between the staff at the technical 
college and the tramung officers and apprentice 
supervisors m the factory 

It ıs agaist the background of these debates that 
the 1eport of the Ministry of Education for 1958* is 
appropriately considered, particularly the mportant 
chapter which ieviews developments in technical 
education since the War, and more especially pro- 
gress since the White Paper on Technical Education 
was issued in 1956 Some further infoimation 
bringing the report more up to date was given m 
speeches of Lord Hailsham in the House of Lords 
debate on Febiuary 26 and in that of Sw Edward 
Boyle in the House of Commons on Apr] 27 Sr 
Edward Boyle pointed out that durmg the past four 
years the number of pupils pei full-tume teacher ım 
primary schools has declined from 321 to 30 6, 
while the number of pupils per full-time teacher in 
secondary classes has only risen from 20 9 to 214 
in spite of the movement of the bulge from primary 
into the secondary schools From now onwaids, 
apart from the yea of mtermission in 1962, the 
inoiease 1n the teacher force should more than match 
the increase in school population, and Sm Edward 
Boyle anticipated that primary classes of more than 
forty children should be virtually elmmated by 
the middle 1960’s, with no deterioration m staffing 
standards in secondary schools 

Fiom 1959 Sir Edward thinks that an annual net 
increase of 6,000 teachers can be assumed, as 16,000 
students should complete teacher taming courses in 
1959 and 17,000 ın 1960, and this output should be 
mamtained , an increased number of graduates is 
also expected to enter the schools, and wastage 1s 
unlikely to ıncrease More recently, on June 26, Mr 
Geoffrey Lloyd, the Ministe: of Education, said that 
in addition to the programme for 12,000 places 
announced last September, he has authorized forth- 
with a programme of 4,000 tremmg college places 
which should be effective by 1964 Sir Edward Boyle 
also said that the selection of highly qual:fied entrants 
who could complete a course in two years mstead of 
three was bemg considered 

“Education ın 1958" records that although m 
January 1958 there were nearly 6,840,000 children in 
maintaimed and assisted schools, the rate of increase 
has fallen by nearly half, the rise in the number of 
childien older than fifteen was more than double 
that for the previous year Nevertheless, the per- 
centage of geno: children 1n over-size classes remamed 
the same although the number of over-size senior 


* Educationin 1958 Being the Report of the Ministry of Education 
and Statistics for England and Wales Pp v+261 (Cmnd 777) 
(London HWM Stationery Office, 1959 ) 12s net 
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classes was slightly larger in January 1958 The 
total number of students takmg advanced courses at 
technical colleges has inereased from 9,500 at the 
time of the White Paper to more than 11,000, and 
of these nearly 6,500 are enrolled 1n sandwich courses, 
compared with about 2,300 early m 1956 Dung 
1958-59, more than 19,600 out of 23,000 students 
admitted to universities m England and Wales, 
excluding those from overseas, were receiving awards 
fiom public funds, compared with 14,000 during 
1954-55 

Apart from the firm expression of the Government’s 
conviction that anything like a uniform pattern of 
secondary education throughout Britam would be 
wrong, and that instead wide experiment and 
flexibility ın organization should be encouraged, the 
two chapters on further education are those of most 
direct interest to the scientist and technologist The 
fist of these provides a convenient concise summary 
of the progress that has been achieved in technical 
education durmg the past five years, without, how- 
ever distinguishing as clearly as had been done in 
some recent debates in Parliament between the 
technician and the technologist One encouraging 
feature is the decreasing proportion of part-time 
education at the advanced level In the mid-1950's, 
more than three-quarters of technical college students 
who obtained professional qualifications did so by 
part-time study only By the late 1960's about one- 
half of those qualifymg each year as scientists and 
engineers will probably have come fiom a technical 
college and less than one-third of these wil have 
taken part-tume courses 

The review refers to the shedding by the colleges 
of advanced technology of the less advanced work, 
and there 1s some discussion of the problem of 
broadening a technological course It ıs recognized 
that a concept of teaching 1s needed in which the 
mere impaiting of information 1s 1eplaced by a more 
active kindlmg of the student's mmd and interest 
through the personal help and guidance of the 
teacher, and it 1s the Government's policy that the 
colleges of advanced technology should be staffed on 
a basis generous enough to enable them to provide 
a tutorial system throughout a diploma of technology 
course Apart from the gieat benefit to the students, 
this should encourage the staff to adopt teachmg 
methods which will increasingly encourage students to 
work on them own and to thmk for themselves Of 
the £70 millon authorized for investment in technical 
college building in Britain durmg the quinquennium 
ending in 1961, the colleges of advanced technology 
claimed about £10 million Encouraging progress ıs 
iecorded in regional co-ordmation at the advanced 
level, ın co-operation between the colleges and 
mdustry and in the development of research and 
postgraduate studies, and to a lesser extent m the 
development of courses in management studies The 
need for residential accommodation, however, will 
only partly be met by the 3,000 places to be provided 
unde: the five-year programme, of which nearly 
2,000 will be at the colleges of advanced technology, 
including about 1,000 at the entirely residential 


512 


college at Loughborough Recruitment of suitable 
teaching staff for advanced scientific and technical 
courses 1s likely to remam a serious and urgent 
problem, and related to th:s are the conditions of 
service for such staff Here the improvement m the 
elumate of opimon about advanced technological 
education could well be a decisive factor 

The report stresses the distmetive functions of the 
colleges of advanced technology and of the umver- 
sities and rightly urges that both are needed. It would 
be more reassuring, however, to see the distinctive 
functions of the technical colleges and of the colleges 
of technology clearly recognized, and the need to 
keep the supply of technicians and craftsmen m 
balance with the expansion in numbers of both 
technologists and scientists This could well prove a 
major weakness, and although the apprenticeship 
system receives notice ın the report, the Carr Report 
is merely noted and its umplications even for tech- 
meal education are not discussed Lord Hailsham’s 
speech m the House of Lords on February 26 was 
lnmuted essentially to secondary education, and 
although he referred to the improvement of facilities 
for teaching science, he did not touch on this vital 
aspect Between 1947 and 1957 the number of 
advanced level passes m the General Certificate of 
Education rose from 10,000 to 14,000 im mathe- 
matics, from 8,000 to 15,000 in physics, and from 
7,000 to 13,000 in chemistry , and smce the War 
more than £20 millon has been spent on the pro- 
vision and equipment of science laboratories at new 
and enlarged mamtamed secondary schools of all 
kinds and £3 million has been spent m three years 
on independent and direct-grant schools by the 
Industrial Fund for the Advancement of Scientific 
Education in Schools 

This report from the Mistry of Education, and 
the debates m Parliament referred to earher, demon- 
strate that the Government is aware of the many 
problems involved m expanding technical and tech- 
nological education in Britam, ıb ıs the duty of 
professional associations and simular bodies to 
impress on those concerned the mmportance of striking 
a true balance between the diverse interests involved 


CONCEPTUAL FOUNDATIONS OF 
SCIENCE 


Patterns of Discovery 

An Inquiry mto the Conceptual Foundations of 
Science By Prof Norwood Russell Hanson Pp 
ix+241 (Cambridge At the University Press, 
1958) 308 net 


HE general thesis of this book ıs that observa- 

tional data become significant only when seen 
against a given conceptual background or Gestalé 
(p 90) The theme 1s worked out at various levels 
Thus Chapter 1 discusses interpretative activity of 
plam observers, Chapter 2 illustrates, through a 
historical discussion of the work of Galileo, Descartes 
and Beeckman on the problem of free fall, the 
mfluence of purely geometrical as against physical 
attitudes on the direction of research , and Chapter 4 
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emphasizes the importance of physical (as compared 
with purely mathematical) preconceptions m their 
hold on Kepler’s astronomical thnkmg Compara- 
tively, these are historical issues, though Prof 
Hanson here sometimes flirts with somethmg more 
important, as when he writes that 'conceiving of an 
hypothesis has a logie" and 1s not merely a matter 
of intuition or hunches (p 71) Of course it 1s not 
But as to “logic”, when we inquire further we are 
after all given no more than the tame if correct 
remark that the physicist’s task 1s to find the sumplest 
formula which will include all the known data (p 84) 

Hanson’s conceptualist thesis is mdeed mostly 
intended to throw light on a number of traditional 
philosophical issues such as the nature of causal 
relations (Chapter 3 causes bemg mterpreted as 
*ttheory-loaded" (p 54) entities), the logical status 
of the laws of classical dynamics (Chapter 5 whether 
they are considered as definitions or as conventions 
or as empirically testable statements depends on 
“the organisation of concepts" (p 96)), as also the 
question whether the Indetermmacy Prmoeiple states 
"merely a technical” or rather ‘‘a conceptual 1mpossi- 
bihty" (p 136, Chapter 6) Thus last question, 
perhaps the most mteresting m the light of recent 
discussions on the ideas of Bohm and others, does 
not receive much clarification, bemg discussed 
merely as a further illustration of a philosophical 
thesis 

Altogether, though this book abounds in a wealth 
of illustrative studies, remarks and quotations, at 
the end one 1s left with the feeling of a somewhat 
hazy and impressionist picture There 1s a great deal 
of trailmg of the coat, the bête nore bemg “the 
philosophers”, who now fail to grasp the elementary 
facts of physical reasoning (p 88), now “thnk 
physicists confused” about the use of law-statements 
(p 109), and who are finally told that not they but 
men like Kepler, Galileo. Newton, Emstem and others 
have developed physics (p 113) Sneering was never 
a good substitute for argument, ıb is never certam 
who these philosophers are that so dismally mus- 
understand, and on the few occasions when they 
are named, ther arguments are peculiarly mis- 
represented Thus some contemporary logicians are 
chastized for having represented physical theory 
either as an mductive generalization, or as a piece 
of pure deduction, or, agam, as mverse deduction, 
namely, the postulation (the "thinking up") of 
hypotheses accounting for the facts (pp 86ff) 
Armed with this logical terminology, Prof Hanson 
imputes to the logician the absurd doctrine that the 
physicist first thmks up hypotheses at random and 
then sees what he may perchance deduce from them 
(pp 71ff) Surely ıt was perfectly obvious that 
what the logician meant was think up hypotheses 
in the hght of the problems they are meant to 
solve 

Disentangling the puzzles and paradoxes of the 
language of science 1s a delicate operation, the 
statements that emerge after due reflexion, when 
honestly put, are deserving perhaps of shghtly more 
respect than a hasty misreading of the evidence 
might suggest Prof Hanson writes that ‘because 
of the madequacy of philosophical discussions” of 
the topics dealt with m his book, he proposes to use 
physical theory and theorizmg as “the lens through 
which these problems will be viewed" (p 2) One 
reader at least has certamly gamed the impression 
that the method 1s, on the contrary, the perfectly 
Standard one of running a definite philosophical Ine. 
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But no greater damage could be done to genume 
philosophy of science than to suggest that there 1s an 
easy way to a solution of its problems, let alone 
that they may be settled by simply inspecting the 
metaphysics and the language of science 

The book seems most stimulating m its discussion 
of some of the case-studies referred to, even though 
one might have wanted some explanations on occa- 
sion which would have made the matter less mystify- 
ing to the general reader (Who of these understands 
the theory of the hodograph ? (p 106) ) It can cer- 
tainly be warmly recommended as accompanying 
reading to more sustamed studies in the subject 

GERD BUCHDAHL 


THE WEEVILS OF FRANCE 
Faune de France, Vol. 62 


Coléoptéres Curculionides (Troisième Partie) Par 
Adolphe Hoffmann Pp 1-+41209-1840 (642 figures) 
(Paris Editions Paul Lechevaher, 1958) np 


T ıs now more than forty years since the last com- 
prehensive work on European beetles appeared 

The present volume in this well-known series deals 
with the remaiming weevils occurring, or likely to 
occur, in France and Corsica It 1s issued, unusually, 
in a stout and durable cloth binding Keys to all 
groups, including sometimes the varieties of a single 
species, are given Each couplet usually contams 
several easily observed characters and the keys appear 
to be reliable There is a full description of each 
species, together with many references 

The figures are even more numerous than in the 
earher parts, averaging more than one per page 
They exhibit a variety of styles and techniques but 
seldom reach the standard one expects nowadays ın 
a work of this kmd Some of the figures of antennae 
and tarsı are particularly crude, stipplng and 
shading are frequently used where a simple hne 
drawing would be far more effective 

Tho author’s system of classification 1s rather 
mdividual and open to criticism — Following Rertter 
(1912) he has meluded some twenty or so subfamilies 
as tribes under the name ‘‘Calandrinae” Also the 
Attelabidae are denied their full family rank, Rhyn- 
chites was even used as an example of the Phanero- 
gnathimtheintroduetion (Part 1) In addition a num- 
ber of long-established generic names (for example, 
Dorytomus) have been sunk, though m such cases an 
explanation 1s given and the reader can form his own 
opinion with the aid of the references The fact that 
the general classification of weevils has not been 
studied since 1866 and that the new Code of Zoological 
Nomenclature has yet to appear ın print reduces the 
weight of these criticisms Furthermore, this work 18 
essentially a faunistic study, not primarily mtended 
to make a fundamental contribution to anatomy or 
taxonomy 

It is im its faunistic aspect that the value of this 
work hes The author has taken the greatest pains to 
record accurately and often in great detail both the 
distribution and the biology of every species as far as 
these are known Agam many references are given 
Many galls, etc, and leaf-rolhng techniques are 
ulustrated 

Followmg the maim body of the text ıs a lengthy 
list of additions and corrections to the whole work, 
also a list of food-plants with their associated weevils 
and a general mdex R T THOMPSON 
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THE INVERTEBRATES 


The Invertebrates Vol 5 

Smaller Coelomate Groups—Chaetognatha, Hemı- 
chordata, Pogonophora, Phoronida, Ectoprocta, 
Brachipoda, Sipuneuhda, The Coelomate Bilateria 
By Libbie Henrietta Hyman (McGraw-Hill Pub- 
heations m the Zoological Sciences) Pp  viu-4-783 
(London McGraw-Hill Pubhshmg Company, Ltd, 
1959) 104s 6d 


HE fifth volume of Dr Hyman’s series on 
animal phyla ıs devoted to the smaller ecelomate 

groups, except the Echiurida These she divides mto 
three sections the enterocceelous ccelomates or 
Deuterostomia (Chaetognatha, Hemichordata and 
Pogonophora), the lophophorate ccelomates (Phor- 
onida, Ectoprocta and Brachiopoda) and the proto- 
stomatous ccelomates (Sipuncuhda) It must have 
been a difficult task mastermg the hterature on 
such widely varied forms of life, the bibhography 
is excellent 

Each chapter ıs arranged on the same lines as those 
in previous volumes—history, general characters, 
classification, morphology, embryology, ecology and 
physiology, geographical distribution and relation- 
ships, so that ıt 1s easy to find a particular section. 
The illustrations are good on the whole, mostly copied 
from origmal papers, but a few have deteriorated. 
in repioduction, such as Bathyspadella, Fig 154, 
and the nervous system of phoronids, Fig 87. 
Lettermg by numbers enables the reader to test his 
knowledge, and this 1s apphed uniformly throughout 
the book 

Some phyla have been exhaustively dealt with 
elsewhere, such as the Hemichordata, by van der 
Horst, others are httle known or have not been 
adequately treated m avaiable books and mono- 
graphs It is to the latter groups that the zoologist 
wil gratefully turn first Here for the first time we 
have a clear account, laigely translated from the 
Russian, of the new phylum Pogonophora, the beard 
bearers, deep-sea worm-hke creatures with a heart 
and vascular system but no digestrve canal The 
dredging of twenty-two species of pogonophores, 
chiefly from the Behrmg and Okhotsk seas and fiom 
the Skagerrak off Norway, 1s one of the most remark- 
able finds m modern zoological research, comparable 
with the discovery of Latwneria and Neopiluna 

More than a third of the volume 1s devoted to the 
Ectoprocta, a group which “is burdened with a large 
and fantastic termumnology" Dr Hyman therefore 
has correlated the terms used for the parts of the 
colony with those employed m invertebrates generally 
For her study of the Ectoprocta she travelled to 
Brazil, to consult with Prof E Marcus, who had 
worked so extensively on that group The result 
is an excellent account Dr Hyman prefers to call 
the phylum Ectoprocta and to use Bryozoa m a 
popula: sense only, since the latter name moluded 
the Entoprocta, which must now be removed from 
close association with the Ectoprocta 

The chapter on Brachiopoda is also & competent 
piece of work, especially for the paleontologist It 
is strange that the name is misspelt on the dust 
cover and the title page 

The final chapter, entitled “Retrospect”, enables 
the author to correct a few mistakes m the earlier 
volumes, to add short accounts of recent work not 
previously known and to state her views on current 
trends m zoology ‘The last she does very forcibly - 
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*Hemichordata must be removed from Chordata 
and made an independent phylum of mvertebrates" , 
“The concept Gephyrea must be obliterated from 
zoology”, “Ctenophora aie a sharply delimited 
group with definite characteristics that entitle them 
to separate phyletic rank It 1s even not at all settled 
that they have ongimated from Cnidaria”, “The 
Entoprocta are maintamed as a phylum distinct 
from the Ectoprocta” 

The volume reaches the high standaid of all 
MeGraw-Hil publications Its cost m Britain 1s 
certamly very high, but its value as a compilation 
of up-to-date knowledge 1s undoubted All zoologists 
will wish Di Hyman renewed health so that she may 
complete the great task she has set herself, and 
will look forward to the next volume, which ıs to deal 
with the Mollusca N B Hares 


MODERN THEORY OF THE 
INTEGRAL 


An Introduction to the Theory of Integration 
By Prof Adriaan C Zaanen Pp ix--264 (Amster- 
dam North-Holland Publishing Company, New 
York Interscience Publishers, Inc , 1958) 50s 


Be ZAANEN'S reason for addmg to the 
considerable number of books surveying the field 
of modern integration, from the classical Lebesgue 
theory to the developments of Radon's extension 
of this theory to abstract spaces, 1s that such accounts 
generally rely either on the approach through measure 
theory or on the concept of the lmear functional , he 
wishes the young analyst to be famuli with both 
procedures Thus after a biief preliminary section on 
set theory, he defines measure over a semi-ring and 
builds up a more general measure by an extension 
procedure, then Stone’s method of defining the 
Daniell integral as the extension of a linear functional 
over the class of step functions 1s seen to be practi- 
cally a special case of the extension procedure for 
measure The author gives plenty of illustrations, 
particularly helpful m showing how the older theory 
fits into the more modern, so that, for example, the 
extension procedure applied to the Riemann integral 
yields the Lebesgue integral Fubimi’s theorem on the 
reduction of a multiple integral to repeated integra- 
tions 1s carefully studied, as 1s the tedious but 1mpor- 
tant Radon-Nikodym theorem, which may be 
regarded as a very high-level version of the change 
of variable in an mtegral Later chapters give some 
applications, such as unitary transformations in 
Hilbert space, and ergodic theory Measure over a 
Boolean algebra 1s excluded, but Carathéodory’s 
book 1s available, and integration over a locally 
compact space and the related Haar measure are 
omitted, since an account of the relevant topology 
would have substantially mcreased the size of the 
volume 

The exposition is clear and precise, provided the 
reader pays unremitting attention, and provided he 
does not neglect the exercises, an integral part of the 
text “The student who omits them 1s like the man 
who, when attending an excellent dinner, wants to 
race through the mam courses only, and (under the 
musapprehension that ıb 1s merely the nourishing 
value that counts) refuses to touch the wines and 
little delicacies which are offered hm”, and the 
author is offe.mg Montrachet, not Coca-Cola 
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INTERNATIONAL CYTOLOGY 


International Review of Cytology, Vol 7 

Edited by Prof G H Bourne -and Piof J F 
Damelh Pp x+684 (New York Academic Press, 
Ine, 1958) 16 dollars 


HIS volume, issued under the auspices of the 
International Society for Cell Biology, 1s probably 
the most valuable and interesting of the series, 
of which it ıs the seventh Among the well- 
known contributors are Don W Fawcett, Fiangoise 
Haguenau, Johannes Rhodm, F G Spea and Paul 
Weiss The articles by Spear on the biological effects 
of radiation and by Ilse Lasnitzki on caremogens, 
hormones and vitamins in organ cultures are topical 
in view of widespread interest on the effects of atomic 
tests, and of cigarette smoking Spear gives a com- 
prehensive historical review on radiation physics, the 
general response of hvmg tissues to radiation and 
1adiation chemistry, and has cleared the ground for 
a new appioach to this field He quotes J A V 
Butler “We are at the moment in the position of 
a man who tries to elucidate the mechanism of a 
telephone exchange by throwing bricks mto rt and 
observing some of the results” Naturally, Spear’s 
section on the possibilities of chemical protection 
against radiation effects 1s of considerable mterest 
A number of chemical and physical agents aie claimed 
to have such protective action m certain cases He 
lists cysteme, glutathione, BAL, thiourea, glucose 
and ethanol The mtimate cytological iesults of 
1adiation could not be examined more than cursory 
by Spear Many years ago M. J D White discovered 
as a by-product of his work on the effects of X-rays 
on the maturation phase of locusts that m many 
cases the smgle sperm 'muddle-piece' became double, 
triple or even quadruple Recent work at the Argonne 
National Laboratory, by Tahmusian’s group, working 
under the auspices of the US Atomic Energy Com- 
mussion, has shown that the msect ‘middle-piece’ 
arises from a number of separate bodies which norm- 
ally fuse to form the ‘neck body’, radiation prevents 
them fusion, but does not pievent then growth 
Further work along these lines with election muero- 
scopy should be fruitful 
Ilse Lasnitzki, using the watch-glass plasma- 
extract clot technique of Fell and Robison, has m- 
vestigated the effect of caremogenie hydrocarbons on 
human foetal lung, and mouse prostate, the mfluence 
of sex hormones on embiyonie development of sex 
organs, and the changes produced by vitamin A 
Lasnitzki provides some remarkable photomucro- 
giaphs of the effects of 3,4-benzopyrene fiom cigarette 
smoke, on the bronchiolar epithelium Carcinogene 
hydrocarbons and sex hormones stimulate cell division. 
in basal cells of skm and vagina, and thus induce 
abnormally high proliferation 
The section by Francoise Haguenau, a dis- 
tinguished member of the French School of electron 
microscopy, goes into the question of ergastoplasm 
or endoplasmic reticulum — The name ergastoplasm 
was comed by Garnier (1897, 1899) for the Nebenkerne 
m gland cells His work was amphfied by other 
members of the Nancy School of Histology, 
such as Prenant and Bown Copies of ther figures 
occur in many of the major works on histology 
Happily, Haguenau also mentions the contributions 
of the Japanese cytologist Sakae Saguchi ın this con- 
nexion Electron mueroseopists entered the field, 
and by about 1947 really good electron micrographs 
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of gland cells had begun to appear, pioneer werk 
bemg carried out at the American National Cancer 
Institute by Dalton et al, and at the French Cancer 
Institute at Villeywf by Oberling’s group The way 
was ‘then open for the excellent high-resolution 
studies by the Swedish workers under Sjostrand, and 
by the active Rockefeller group led by Porter 
Durmg this eniiching period, a controversy arose on 
nomenclature as a result of the contmued use of 
Porter’s term ‘endoplasmic reticulum’, which the 
Americans in particular believed proper to describe 
the ultiastructure of the classical ergastoplasm dıs- 
covered by the French Space allowed to the reviewer 
does not permit further reference to this topic, but 
Haguenau remarks, “It has been emphasized that 
the general acceptance by electron mucroscopists of 
the word ergastoplasm, in rts original context would 
do much to bing ordei to the present termmological 
confusion” 

Don W Fawcett wiites on the structure of the 
mammalian sperm as determined by electron micro- 
scopy Naturally with the higher magnification and 
excellent resolution of the modein electron mico- 
scope, recent authors provided with these blessings 
have been able to better the often pathetic past 
efforts of the optical mucroscopisb in this field 
Nevertheless the electron muicrogiaph has not pro- 
duced any new basic facts except possibly for 
1ecognition of the peculiar lamellation of the Golgi 
apparatus—yet Pollster (Vol 6 of this series) claims 
that Jan Hirschler did understand that the Golgi 
apparatus was essentially a lamellated structure Of 
gieat mterest to-day m the structure of the meta- 
morphosmg spermatid is the neck region Fawcett 
holds that the base of the flagellum is connected to 
the head by a segmented body that ıs probably a 
highly modified distal centriole, but the reviewer has 
yet to see any micrograph of this region which does 
not show a special neck body, centriole adjunct, 
axchoplasm (Grassé, Carasso and Favard), ete , which 
is material separate from the proximal centriole 
In fact, the electron microscope has shown that the 
head centriole 1s not the major attachment area of 
head and flagellum—there 18 a separate structure or 
packing which reaches its highest state of develop- 
ment in msects There seems to be no recent evı- 
dence that the centriole divides more than once m 
normal spermatogenesis It must now be admutted 
that the mammalian post-nuclear body and the 
neck body or centriole adjunct are different struc- 
tures 

Paul Weiss discusses cell contact—that 1s, (1) con- 
tact relations between cells and their physical sub- 
strata, (2) the mutual ieactions of cells on contact 
with one another and (3) the transmission of specific 
agents and mfluences from one cell to another by 
dnect contact Weiss considers a cell to be in contact 
with another body not only if the two surfaces are 
in direct apposition, but also if they are separated 
by a narrow space occupied by a molecular popula- 
tion the fiee mobility of which ıs restrained. In his 
usual suggestive manner, Weiss has investigated the 
‘bobbin’ structures at cell mterfaces of epidermal 
units, and goes on to discuss the possibility that ın 
cancer cells undeigomg metastasis there is a close 
relation between loss of specific suiface contact on 
one hand and mobilization and proliferation on the 
other Mobihzed normal cells, after recovermg 
co-aptive relations (for example, epithelia meeting 
their own kmd), cease to proliferate, whereas cancer 
cells under comparable conditions evidently do not 
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Weiss omits mention of the paper by Dalton, Kahler 
and Lloyd (Anat Rec, 111, 1951) 

Papers emanatmg from Sjostrand’s laboratory 
have been marked by helpful interpretative drawings 
which can only be made up by close study of many 
muciographs These drawings will be used gratefully 
by authors of histology books Johannes Rhodin’s 
study on the anatomy of kidney tubules 1s a good 
example of Swedish work, the diagram on page 506, 
Fig 14, bemg excellent The studies on kidney by 
Pease, Dalton, Rhodin and others can now be 
followed by experimental work 

Another paper from the Karolinska Institutet 1s 
by Hans Engstiom and Jan Weisall Engstrom is a 
practitioner in the ear, nose and throat clinic of 
the University of Gothenburg, yet has managed to 
collaborate in this erudite study of the structure 
and innervation of the mner-ear sensory epitheha 

A further paper is by L M J Rinaldi, of the 
University of Cordoba, Argentina, whose work was 
carried out at the Stiangeways Research Laboratory, 
Cambridge No doubt Rinaldini will read Weiss's 
article with appreciation, as the two valuable papers 
have certain meeting pomts Ruinaldini has covered 
a geat deal of dificult ground m an interesting 
manner, and of all the papers here mentioned, 
this has needed the widest grasp of the inter- 
national hterature on biochemical and biophysical 
cytology 

The supposed hypothalamo-neur ohypophysial neuro- 
secretion has been carefully considered by J C 
Sloper, of the Charmg Cross Medical School, London 
The subject of neuro-secretion 18 one that 1s largely 
made up of doubtful histology and worse cytology 
Degenerate and effete cells stam darkly in toluidine 
blue, ron hematoxyln, ete —these are supposed in 
some cases to be neurosecretory, whereas to the re- 
viewer the most convincing vertebrate nerve cell 
secretions are those demonstrated by electron micro- 
scopy by Palay, Van Breemen, J D Green and others. 
In the ease of the sympathetic neurones of the mouse, 
similar fine ‘secietory’ bodies exist in animals a few 
days old, and soon disappear, older cells become 
packed with formed bodies which are heaped aggrega- 
tions of effete mitochondma lymg mamly at the 
axon end of the nucleus Slope: 1emarks that future 
investigations will be facilitated by a more exact 
knowledge of the nature of ‘neurosecretory’ mater- 
ial, and he feels unable to equate the several 
categories of melusions demonstiated by varous 
workers 

The remamde: of this volume has papers on the 
“Lymphocyte”, by O A Trowell of the Radiobio- 
logical Unit at Harwell, on **Autoradiographie Studies 
with S35*-Sulphate", by D D Dziewiatkowski, of the 
Rockefeller Institute, on “Recent Advances m the 
Study of the Kmetochore” (centiomere) by A 
Lima-de-Faria, of the Institute of Genetics of the 
University of Lund, and finally on “Lamellibianch 
Muscle” by J Bowden, of the Anatomy Department 
of the Queen’s University, Belfast These valuable 
studies are all of the highest standard, and ıt 1s 
regrettable that they cannot be 1eviewed here at 
length 

Looking back on the various volumes of this series, 
which have appeared under the guidance of Bowne 
and Danuielli, one 1s 1mpressed with the fact that tho 
problems encountered in the study of the living cell 
nowadays seem to become more complex and more 
msoluble It would be pretentious for us to think 
otherwise J BRONTE GATENBY 
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A Defence of Free Learning 
By Lord Beveridge Pp xiv+146 
Oxford University Press, 1959) 18s net. 


N this book Lord Beveridge has drawn m the main 
on the documents collected for ther work by the 
Academic Assistance Council and the Society for the 
Protection of Science and Learnmg to give a sober 
but moving narrative of twenty-five years work m 
Britam to help university teachers and scholars 
driven from their work on political or racial grounds 
It ıs not a philosophical or theoretical argument for 
academic freedom but a factual account of what has 
been done in Britam alone, beginning with the 
expulsions from Germany mutiated by Hitler m 1933 
and continumg down to the problems presented by 
the intolerance persisting after the Second World 
War, includmg the Hungarian persecution of 1956-57 
It ıs a story little known outside the universities and 
1s told without embellishment, save, perhaps, where 
m his concluding chapter “The Folly of Tyrants”, 
Lord Beveridge, summarizing, pomts to the rich 
harvest which Britain has reaped by her 1eception of 
these refugees There are indeed some dark places in 
the story and Lord Beveridge does not attempt to 
conceal them On the other hand, he does not 
overstress them and pomts out fairly enough that, 
even in the darkest hour of 1940, thare were always 
those m Britain ready to protest vigorously against 
admunistrative error or tardiness and to insist on the 
revocation of stupid decisions Five debates m the 
House of Commons ın less than eight months of 
desperate war testify to a sense of justice and a 
vigilance of which Britam has a right to be proud 
The most moving chapter 1s, perhaps, that entitled 
“Wandering Scholars’, ın which Lord Beveridge 
sets forth some of the typical experiences of these 
scholars collected from ther rephes to an inquiry 
sent out ın June 1958 No eloquence could make the 
human issues plainer, nor 1s more needed by way of 
argument to demonstrate that here is a contmuing 
problem calling for forethought and rmmagmation, as 
well as practical help xf 1ts difficulties are to be resolved 
and some of the existing gaps, notably in relation to 

professional work, are to be closed 
In writmg this book, Lord Beveridge has added 
to the debt which Britain as well as wandering scholars 
owe him and his colleagues, first on the Academic 
Assistance Council and then in the Society for the 

Protection of Science and Learning 

R BRIGETMAN 
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Systematic Mineralogy of Uranium and Thorium 
(Bulletin 1064, U S Geological Survey ) By Clifford 
Fronde] Pp vm--400 (Washmgton: US Govt 
Prmtig Office, 1958) 150 dollars 


4 OR the past ten years an intensive investigation 
into the mineralogy of uramum and thorium, 
undertaken ın connexion with economic studies of 
radioactive ore supplies, has been in progress m the 
laboratories of the US Geological Survey, the US 
National Museum, and the Mineralogical Department 
of Harvard University The vast amount of new 
information fortheomung from these researches has 
now been assembled by Prof Frondel of Harvard, ın 
a monograph which is quite the most outstandmg 
work among the half-dozen or more major text-books 
on radioactive mmeralogy that have appeared m 
the USSR, North America and France during the 
past two years Each of close on a hundred mmeral 
species is very fully described according to its 


NATURE 


August 22, 1959 voi 184 


synonymy, composition, crystallography and ciystal 
habit, physical and optical properties (with X-ray 
powder diffraction interplanar spacmgs), synthesis, 
criteria for identification, mode of formation, and 
natural occurrence Comprehensive determinative 
tables are given in an appendix and there 1s & biblio- 
graphy of 800 items Although the work has been 
three years in the press and thus gives no account of 
the most recent discoveries, no earlier book in this 
field has achieved anythmg lke the same coverage 
and certamly none can parallel this inexpensive 
Bulletin in accuracy of data and freedom from 
misprints Most of the opaque multiple-oxide 
munerals of uranium, other than species of economic 
importance such as brannerite, davidite, and the 
pyrochlore-microlite series, have still to be studied 
in detail, for the rest, the many geologists and 
mineralogists now concerned with uranium ores will 
unhesitatingly accept this monograph as ther 
foremost authority. C F DAVIDSON 


Numerical Analysis and Partial Differential Equa- 
tions 

By George E Forsythe and Paul C Rosenbloom 

(Surveys in Apphed Mathematics, Vol 5) Pp x+ 

204 (New York John Wiley and Sons, Ine , 

London Chapman and Hall, Ltd, 1958) 60s net 


HIS survey contams two unrelated essays In 
the shorter of the two, Forsythe summarizes 
recent work in numerical analysis, with special 
references to developments m the USSR There is 
an account of the chief Russian automatic computers, 
details of which have been available only m the past 
two or three years Forsythe also stresses the skill 
with which Russian workers have brought to the 
service of numerical analysis some of the most up-to- 
date tools of pure mathematics, such as constructive 
function theory and functional analysis The 
bibliography ıs helpfully selective rather than blindly 
comprehensive, and the author’s comments on the 
various items are crisp and efficient 
Rosenbloom’s essay does not attempt to describe 
all recent contributions to the study of partial 
differential equations, but 16 gives a valuable indica- 
tion of the way m which the theory of function spaces 
and the transform calculus have yielded fresh results 
about elliptic and parabotic equations. The young 
research worker should find this a helpful guide to 
some of the main lines of advance ; the bibliography, 
of some 700 items, may well frighten the novice, and 
some further annotation would have been an advan- 
tage. T A A BROADBENT 


Clinical Biochemical Method. 
By Dr A L Támoky Pp x--239 
Hilger and Watts, Ltd , 1958 ) 50s net 
OST large clmical biochemistry laboratories 
l have their own particular methods for routine 
examinations, or more lkely use modified classical 
ones in the hght of thew experience Dr A L 
Tarnoky’s book describes the methods used routinely 
in his laboratory at the Royal Berkshire Hospital 
It is a straightforward bench manual givmg most of 
the usual tests arranged in alphabetical order Each 
test is described unde: ihe headings of principle, 
specimen required, method, result, normal value, 
ieagents required and remarks There ıs a small 
but valuable appendix which gives procedures for 
checking analyses ın a laboratory, lists of books and 
references and a list of manufacturers There are 
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only a few diagrams, for the class of worker who 
would most depend on this book, spectroscopic charts 
and illustrations of electrophoretic patterns, for 
example, would have been of great value Agam, the 
omission of any mention of paper chromatography 
or of serum transaminase tests 1s noticeable On the 
other hand, the directness and simplicity of the text 
are much to be commended 

This book will be very useful to technicians, clinical 
pathologists and doctors in smaller hospitals in 
Britain and overseas, and to medical research workers 
who need to do routine clinical biochemical tests as 
part of a larger research scheme It forms a useful 
addition to the larger and moie well-known text- 
books of chnical biochemistry 

D SH W Nrcon 


Biological Laboratory Data 

By Dr L J Hale (Methuen's Monographs on Bio- 
logical Subjects) Pp x+132 (London Methuen 
and Co, Ltd , New York John Wiley and Sons, 
Inc, 1958) 15s net 


Bes intended as laboratory aids are by no 
means rarities and cover a great variety of 
subjects, while they range m their appeal from the 
beginner to the advanced research worker This 
book falls rather into the latter category and ıt has 
some unusual features which single ıt out among those 
devoted to the biological sciences The emphasis on 
the mathematical side, for example, 18 conspicuous 
Out of a total of one hundred and twenty-seven pages, 
twenty-three deal with mathematical data, twelve 
are devoted to statistical data and formule and 
thu ty-five to physical and chemical data This 1s not 
an Overweenmg proportion but ıt 1s more extensive 
than m most books of this size and type and the 
material is very handily presented 

The result, however, has been somewhat to repress 
the more strictly biological matter, so that cultural 
methods for the laboratory get only seven pages, 
inclusive of a page of references to other works, 
while histological and histo-chemical data cover only 
fourteen pages This seems meagre considermg the 
enormous amount of such data available and a better 
balance mght easily be achieved There 1s no doubt, 
however, of the value of the material which the book 
contains and the mathematical sections alone should 
ensure 1t a wide popularity among biologists, who so 
often feel the need of guidance in that field 

R C McLean 


The Salmon 
By Dr J W Jones (New Naturalist Special Volume ) 
Pp xvi.-1924-12 plates (London Willam Colins, 
Sons and Co, Ltd, 1959) 18s net 
N the whole Dr Jones has written a readable 
book The chapters dealing with the spawnmg 
of adult salmon and young males are the best m the 
book, as ıb ıs there that Dr Jones has dawn largely 
from his own work and experiences An mportanb 
chaptei is devoted to scale reading from which 
many of the details of the life-history of the salmon 
have been discovered 
The chapter on “Salmon in the Sea" is frankly 
disappomting, as sufficient use has not been made of 
the information amassed ın the past thirty years, so 
the reader does not get a clear picture of the long 
migrations which salmon often make when returning 
to the river of their birth 
Other chapters deal with the early life of the 
salmon, the return to the river, the return to the sea 
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and the salmon river The book ıs completed by four 
useful appendixes deahng with the characters of 
salmon and trout and ther hybrids, a key to the 
genera of the Salmonidae, ete, a description of the 
parasites of salmon and methods of estimating 
lengths from scales Serious readers will also find the 
bibhography of value ın their more extensive readmg 
One serious criticism of the book I have to make is 
that many of the illustrations are poor The publishers 
inform us m a note opposite the title page that 1n this 
series of publications “the animals and plants are 
described in relation to their homes and habitats 
with the help of fine photographs’, the rtalics are 
mine Plates 4, 5, 6 and 7 are certainly not based 
on fine photographs as I have often seen better in 
angling magazines ARTHOR E J Went 


Nitration of Hydrocarbons and other Organic 
Compounds 

By A V Topchiev Translated from the Russian by 

Catherme Matthews Pp vi+329 ' (London and 

New York Pergamon Press, 1959 ) 90s net 


RANSLATIONS of foreign texts are seldom 
successful unless carried out by workers in the 
same field with freedom to incorporate recent material 
The pitfalls are well illustrated by this book, which 1s 
both out of date and unreadable There are one or 
two references to papers published early m 1954, 
but none to the more recent hterature Smce much 
work of fundamental importance to this field has 
been published durmg the past five years the book 
1s of httle value as an account of the subject, although 
1t does contam a rather complete account of the 
earlier literature and a useful summary of Russian 
papers that are not readily accessible in Britain 
It ıs most unfortunate that the distinguished author 
of the book could not have been persuaded to revise 
it during translation M JS Dewar 


Commonwealth Universities Yearbook, [959 

Pp xxvu+1407 (London Assocation of Uni- 
versities of the British Commonwealth, 1959 ) 84s , 
13 dollars 


HE invaluable “Commonwealth "Universities 
Yearbook" is now in its thirty-stxth edition 

There aro no major changes from last year’s edition, 
when the new enlarged format was mtroduced, but 
the size has mcreased from 1365 to 1435 pages, mainly 
in order to accommodate expansions m university 
staff 

The University of Sherbrooke m Canada and Sardar 
Vallabhbhai Vidyapeeth in India are mentioned for 
the first tıme, and the University College of Fort 
Hare m South Africa now has a complete entry Two 
events which occurred m Australia as the book was 
going to press are also mentioned briefly the found- 
mg of Monash University 1n Victoria and the trans- 
formation of the New South Wales University of 
Technology mto a multi-faculty University of New 
South Wales 

The valuable essays m higher education ın the 
various countries have been brought up to date, 
and where necessary additions have been made to 
the maps showmg where the universities are located 

New features of this edition include a full-length 
summary of admission requirements by the Canadian 
Universities, and information on the transfer courses 
at certam British universities whereby students who 
have previously studied arts subjects can switch to 
science 
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BEHAVIOUR IN CONVENTIONAL AND EXTRA-TERRESTRIAL 
FLIGHT 


SOME FUTURE ASPECTS OF AVIATION MEDICINE 


By AIR COMMODORE W K STEWART, CBE, AFC 


Royal Air Force Consultant in Aviation. Physiology, Institute of Aviation Medicine, 
Royal Air Force, Farnborough 


VIATION medieme 1s the normal clinical 
A practice of medicine as applied to the special 
circumstances of fight, but in this survey ib refers 
to the basic sciences of physiology, psychology and 
biochemistry 

The growth of aviation. medicine has been largely 
due to preceding advances m combustion, &ero- 
dynamics and metallurgy , in turn, these advances 
were the result of operatioral plans, either ervil or 
military At the present time, most aircraft or 
missiles appear to have a cycle of approximately 
ten years for the stages of planning, development 
and production, and it 18 reasonable to assume that 
some such cycle will be entailed m the future Past 
experience m the conduct of biological research has 
indicated that such a period should be sufficient for 
the production of the major contributions from avia- 
tion medicine Tt 1s also sufficient for the design. and. 
mstallation of the capital equipment required, both 
for fundamental and apphed work 

It has become clear, however, that a significant 
contribution to a particular phase of the programme 
will depend on adequately tramed staff No institute 
or laboratory of aviation medicine will survive m the 
future if 15 lacks staff of the proper orientation m. the 
relevant biological disciplines 

Smece these are likely to be of a complex kind, 
skilled research workers will be correspondingly few 
m number It 1s held, therefore, that rt 1s necessary 
to plan future activities m. aviation medicine so as 
to ensure the early derivation of biological mformation 


Survey of Some Future Problems 


For the purpose of this review, 16 will be assumed 
that manned aircraft will continue to be used n an 
era of unmanned ballistic missiles, or vehicles, and 
later m an era of orbital-manned vehicles Such 
aircraft may be hypersoni2, may operate at low 
altitudes, or m the outermost layers of the atmosphere, 
for short or very long durations They will subject 
their occupants to stresses and environmental 
changes, different m degree, but on the whole basically 
similar to those of contemporary aircraft, and this, 
to some extent, may be also true for orbital-manned 
vehicles 

The experience gained in the past fifteen years m 
apphed physiology and psychology 1s sufficiently 
extensive to encourage the belief that problems arising 
in these diserplines can be successfully solved, smece 
the techniques involved and equipment necessary can 
be foreseen to a considerable extent 

For extra-terrestrial fight, many of the problems, 
weightlessness, for example, can only be solved erther 


by extrapolation fiom poorly quantified data, or by 
direct experience 

Hazaıds such as the effects of corpuscular radiations 
and cosmic rays will almost certamly be a moro 
worthwhile sphere for laboratories of physics than 
for an institute of aviation medicme In considering 
the philosophy of extia-terrestrial flight, ıt 1s always 
difficult to justify biological participation since apart 
from the remote possibility of acquring data of 
importance to microbiology, it 16 unlikely that 
purely physiological studies will advance general 
knowledge m proportion to the cost of the venture 

The proper function of biological researches ıs 
undoubtedly to further manned exploration of the 
upper atmosphere or beyond, and even here ıt 18 wise 
to hesitate ın considermg, not whether this is feasible, 
but whether 1t can ever lead to more than an ad hoc 
determmation of the ultimate limits of man’s 
endurance 

However, the value of manning a satellite may 
ultimately depend on those functions of the central 
nervous system which are difficult to simulate, erther 
in absolute terms or in size and weight It 1s probable 
that what a man can be expected to do m a satellite 
could only be determined by actual experience , 
but ıt 1s unfortunate that the environmental condi- 
tions which he will encounter are those most likely 
to affect the logical and purposive functioning of the 
brain 

The problem here 1s that the behaviour of animals 
and man 1s still very far from bemg understood , 
aberrations of behaviour im flight are still more 
difficult to investigate, and if any occur in the 
occupant of a satellite the determination of their 
basis might be quite impossible Clearly, advance- 
ment of such knowledge would be of benefit, not only 
to those nations with official programmes of the 
‘man m. space’, but also to aviation m general, and 
would constitute a field m which expenditure of 
effort and money would be justified 

Every practitioner of aviation medieme has some 
acquaintance with cases of abnormal behaviour in 
fight For many of these cases, no sunple answer 
can be given, although they are commonly referred 
to as ‘manifestations of disorientation’, but analysis 
of near accidents has shown a higher frequency than 
suspected of musinterpretation of visual information 
and illusions of different kinds 

Some of these illusions were hypnagogic 1n nature 
others led to panic or startle reactions Some were 
obviously associated with reduction in sensory input 
and probably an element of perceptual conflict In 
future manned flight, there will be an increased. 
exposure to the factors probably initiating such 
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changes m behaviour It has therefore become 
mandatory to review ther; relationship to physiol- 
ogical mechanisms, and to try to determine the 
primary stmmul for chains of reaction Do disorders 
ım behaviour determme physiological events, or is 
16 necessary to postulate underlymg abnormalities 
in the neuro-physiological or homeostatic spheres ? 
Probably both mechanisms are implicated at different 
times 

The classical problems of behaviour m flight, such 
as fear and fatigue, are entirely material to this 
argument Hence ıt is essential to derive such 
advances in knowledge that adequate theories can 
be constructed, adequate m the sense that they can 
produce methods of prediction of alterations m 
learned behaviour under stress, whether this stiess 
be neurogenic or systemic in origm The purpose of 
this review 1s to indicate some avenues of research 
which could be explored and which might prove of 
value, not only in conventional aviation medicine, 
but also m what is rather loosely termed ‘space 
medicine’ 
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Survey of Brain Mechanisms 


It ıs impossible to prophesy how far theories of 
integration of nervous action will have advanced in 
the era of the hypersonic arrcraft and manned 
mussiles, and ıt 1s therefore probably legitimate to 
commence with Hebb’s! ideas concerning the con- 
ceptual nervous system He related the function of 
the brain-stem, or arousal system of Moruzzi and 
Magoun?, to the level of the ‘cue’ function m learnmg 
For general reviews of the physiological and psy- 
chological aspects those of Jasper, Gloor and Milner? 
or Duffy* should be consulted 

Stress Jt 1s proposed to regard stress from the 
pomt of view of Fortier’ and Fortier et al *, namely, 
that there are basically two types of stress—neuro- 
genic, initiated through perceptual processes, and 
systemic, mitiated through chemical and metabolic 
processes In both, the hypothalamus appears to 
influence anterio1 pituitary secretion via the hypo- 
physeal portal vessels Permanent interruption of 
these vessels lowers the normal rate of secretion of 
adrenocorticotrophic hormone, abolishes reflex secre- 
tion of adrenaline in response to stress and also that 
of the gonadotrophic and thyrotrophic hormones 
There are dications that the tasks of flight can be 
regarded m these terms as a stressful occupation, 
with enhancement of the secretion of adrenaline and 
noradrenaline, of the output of 11- and 17-ketosteroids, 
or uro-pepsinogen accompanied by alteration m 
gastric function 

It has not, however, been possible to state that the 
degree of stress represented by biochemical findings 
1s of unusual severity or to relate them to the degree 
of fatigue experienced The fact that arrcrew tramees 
hyperventilate more or excrete more ketosteroids 
than their mstructors may merely represent higher 
levels of arousal than higher mtrinsic levels of stress 
If stress and arousal be synonymous, then ıt may be 
necessary to postulate that certain forms of learning 
set represent stress also Unfortunately ıt 1s umpos- 
sible to investigate the immediate physiological 
reactions of man exposed to an overwhelmung event 
such as a major loss of control mn the air 

Further, the physiological parameters which had 
been investigated in the mtact man are second- or 
even third-order variables, but this does not deny 
the importance of techniques, such as those of Malmo 
and his associates? It would seem to be important 
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to extend then approach possibly by applying 
techniques, such as Merton's?, in order to derive 
more fundamental knowledge of how anxiety may 
alter reflexive physiology 

If a given level of arousal be equated with stress, 
then a reduced sensory environment should also, 
from some pomts of view, be regarded as stressful 
In future aircraft or vehicles, m which such factors 
may well operate, and may be enhanced by fatigue, 
there will also be the interposition of alterations in 
environmental and temporal rhythms Both these 
states may be found in nuclear-powered aurcraft as 
well as satellite or orbital vehicles, and some under- 
standing of them mter-relationship ıs certainly 
necessary The approach of Lewis and Lobban? mto 
biochemical aspects of alterations m environmental 
trme should be combined with that of Bexton, Heron 
and Scotti? mto the intellectual effects of perceptual 
isolation 

Behaviour during stress In the future it will be 
important to ensure that memory and learning will 
remain as stable as possible durmg acute stress 
occurring 1n a crucial period of a sortie 

Tyhurst's!! study of behaviour m disaster situations 
on the ground 1s especially significant in that 75 per 
cent of individuals affected showed definite mmpear- 
ment of decision-taking, and rb ıs hkely that m any 
normal population of aircrew there must be a signi- 
ficant proportion of men who would evince similar 
reactions Evon if the motivation and iramung are 
d:fferent, ıt would be desirable for them safety to 
select crews in which the ‘cue’ function alters as 
little as possible with high levels of arousal In 
order to do this, much more knowledge will have to 
be acquired by neurophysiologists 

Vogt? has pointed out that not only are the 
hypothalamus and the reticular activation systems 
of the bram-stem particularly rich ın sympathm 
content but also that loss of this content 1s accom- 
paned by an increase m secretion from the adrenal 
medulla It may also be sigmficant that the non- 
specific thalamic nuclei contam more than three times 
as much sympathin as the specific thalamic nuclei, 
since Mahut!® has demonstrated that electrical 
stimulation of the non-specific intralammar nuclei 
can produce learning deficits in rats provided that 
stumulation occurs within a given period of the 
activation of the cell-assemblies concerned 

Activity m the arousal system does not stop 
abruptly followmg a sensory stimulus, probably 
because of release of adrenaline Rothballer!? has 
determmed that the system 1s likely to be composed 
of adrenalme-sensitive elements which give an 
immediate arousal effect upon the electroencephalo- 
graph, and other adrenergic or transmitter elements, 
which are responsible for the long-lasting effects In 
any stressful situation such as flight, the level of 
arousal ıs probably at an optimum as a result of 
prolonged traimmg, ıt 18 also envisaged that the 
level of circulating adrenocorticotrophic hormone 
and the feed-back control of the blood value of 
adrenocortical hormone are also stabilized at a high 
normal value What happens to this system when 
a new situation arises ın flight which may have 
originated from lapses m attention or perceptual 
conflict ? 

It can be postulated that corticofugal impulses 
along the descending pathways to the arousal system!* 
may reduce its noradrenaline content and initiate 
the reflex discharge of adrenaline from the adrenal 
medulla, and the new level of crrculating adrenaline 
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may affect adversely the stability of the arousal 
system 

It 18 important to consider that the neurogenic 
stimulus must be maximal, and the rate of build-up 
of disorganization of perception must be sudden 
Too often one elicits histories of near-aceidents of 
this type “I have been teaching jet instrument 
flymg for some time with complete confidence in the 
right things happening 1f the right control movements 
are made, but on this occasion, panic and delusion 
completely took control of my faculties, and I was 
unable to think and act as I knew J should" Hoere 
1s a sudden misapprehension leading to a sudden 
effector activity and the rapid rate of loss of control 
m high-performance aircraft only remforces the 
“panic and delusion” 

Despite the fact that the injection of adrenalme 
into the lateral ventricles of cats produces behavioural 
effects similar to ight barbiturate anssthesia!?, and 
despite the probable existence of neurohumoral loops 
as postulated by McDermott et al 1", how does the 
disorgamzation of integrated behaviour arise ? 

Milner!? has further elaborated Hebb’s theory ın 
the hight of recent advances ın neurophysiology, and 
m particular with mtroduction of the concept of 
neural inhibition as an active process This has been 
demonstrated m the spinal cord on mono-synaptic 
reflexes by Eccles and his co-workers!*, both by 
physiological and pharmacological techniques (Curtis 
et al ?*) and in the neurones of the motor cortex by 
Tot 

Even if ıt 18 difficult to extrapolate from observ- 
ations on smgle neurones by mucro-electrode tech- 
niques to tho organized behaviour of the whole 
animal and thence to man, the fact that active 
inhibition ean be demonstrated m neurones is of 
extreme importance But does one require to 
postulate the presence in the central nervous system 
of substances which appear to have an mhibitory 
action upon dendritic function® ? 

The mamtenance of efficient performance in 
future tasks will depend to a considerable extent on 
whether there 1s Impairment of attention or vigilance 
by either fatigue or stress Mackworth*®® has 
demonstrated the importance of vigilance in work 
tasks, and it may be postulated that m any form 
of ballistic vehicle there may well be mcreased lag 
in perceptual feed-back with an enhanced rate of 
impairment in vigilance 

This ıs related to two neurophysiological problems 
m the mechanism of attention Where and how does 
the inhibition of a sensory mput occur when a more 
effective perceptual stimulus 1s presented ? And what 
is the relationship to habituation ? 

Sharpless and Jasper*4 have already shown that 
habituation occurs readily in the arousal system 
when a tone is presented repetitively, but that 
re-arousal occurs when the frequency of the tone 1s 
altered This 1s a situation well known to aircrew, 
who may first gam cognizance of an impendmg 
emergency from aberrant noise in the engine 

In the conscious animal, neurophysiologieal tech- 
miques such as indwellmg mucro-electrodes are of 
the greatest mnportance to the olucidation of these 
problems, particularly when the experimental orien- 
tation mcludes psychological constructs There are 
also indications that neuropharmacology may well 
be rmplicated 

Hebb*5 has summarized the data on the function 
of acetylcholme in the central nervous system by 
statmg the situations or cell-masses to which ıb 
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appears to be limited There may be significant 
contributions to theory if there were any relationship 
between the rich content of acetylcholine m the 
caudate nucleus and the selective 1mpairment of the 
delayed alternation response in the monkey produced 
by stimulation®* Acetylcholine, as well as adrenalme, 
has a direct action upon the neurones of the reticular 
system?', and both drugs have no direct offect upon 
specific sensory projection systems The use of 
mucro-injection techniques might elicit much data 
which may elucidate the physiology of the central 
of sensory mflow Dawson** has reviewed the 
evidence for the existence of mechanisms of this 
nature which suggests that there might be a continual 
control on afferent sensory tiansmussion from centres 
in the cortex, brain-stem or cerebellum 

Since attention is a much more subtle process than 
ean be accounted for by the arousal system, a con- 
trolled sensory block 1s of great interest and may be 
the basis for the direction of perception or the 
selective use of cues However, arousal does tend to 
depress evoked cortical potentials ın an ‘unattended’ 
sensory modality and an element of behavioural 
alarm may be essential for some of the inhibitory 
changes which accompany shifting of attention*® 

Neurophysiological studies of such changes should 
further the establishment of psychological theories 
of attention 


Inter-Disciplinary Research 


If ıt were possible to measure m any mdividual, 
values for learning or ‘cue’ functions, in relation to 
values of arousal as affected by environmental or 
emotional processes, then some estimate of the 
probable stability of an individual's behaviour during 
exposure to neurogenic stress might be obtained 

A general approach could be adopted imtially m 
which pilots who have experienced certain types of 
near accident could be compared with pilots who 
have not had illusions m flight Some techniques are 
more appropriate than others , Stennett?" has shown 
that an inverted U relationship exists between 
performance-level and level of arousal, using as 
criteria palmar conductance,  electromyographie 
gradients and the alpha component of the electro- 
encephalograph It 1s probable that such techniques 
would merely give group identification, and the 
relative placmg of any one mdividual withm a 
group would not be sufficiently accurate for practical 
purposes 

For more detailed investigation, use could be 
made of fight sumulators of modern type situated 
in a reduced sensory environment ‘The aim would 
be to repeat in some degree the observations of the 
Cambridge Cockpit Group, and when fatigue had 
resulted m lapses of attention, or decrease in vig- 
iance?!, to introduce a perceptual conflict in 
orientation Not only would such methodology 
require development, but also physiological variables 
should be recorded which show less temporal 
independence than the electroencephalograph and 
palmar conductance 

In order to mvestigate the effects of neurogenic 
stress upon man, methods of mducing fear or anxiety 
ere obviously required, other than the usual ones of 
incentives or pam?? Again, use can be made of 
isolation, by immersion in water?? If1t were possible, 
for example, to create an illusion of sudden reversion 
of bodily orientation, data of great interest could 
be derived from the recording of such variables as 
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electi oencephalogi aph, pulse-rate, respiration electro- 
myograph and muscle blood flow by electronic 
means 

The correlation of results with anterior prtuitary 
and adrenal activity would be clearly desirable , but 
1t would be essential to employ techniques which 
would give more direct functional measures than 
eosinophil counts or urine extractions Bush and 
Sandberg?* have established by chromatography the 
identity of the major circulatmg adrenocortical 
hormone m human plasma as 17-hydroxycortico- 
sterone (compound Æ), although the amounts are 
small Nelson e£ al 5 found only 4-10y per 100 ml 
of whole blood in resting normal subjects 

Even if the aggregate of data from such mves- 
tigations would prove to be of considerable value, 
1b is unlikely that ther interpretation could ade- 
quately decide orders of piecedenee in events, so 
that considerable animal experimentation is clearly 
required 


Investigations on Animals 


Rats It has been postulated that the general 
stressful conditions of flight lead to a sustained 
inerease in activity of the hypothalamic-pituitary- 
adrenal axis, it is known that an intravenous 
injection of adrenocorticotrophie hormone leads to 
an inciease in output of hydroxycorticosterone 
within 10-20 min, and that continuous infusion of 
the same amount of adrenocorticotrophic hormone 
leads to a sustamed rise in adrenal output 

Though enough 1s known about the peripheral or 
somatic actions of corticosteroids, very little 1s known. 
about their action on the central nervous system and 
nothmg about the stability of the feed-back control 
of the enhanced level of cortico-steroids on man It 
1s evident from animal data that there ıs a neuro- 
humoral loop of some magnitude which should have 
some central as well as peripheral actions, but which 
has a delay of minutes and 1s therefore probably 
concerned with metabolic rather than primary 
nervous activity For example, this loop might be 
concerned with the maimtenance of arousal but 
scarcely with rapid alterations in the level of 
arousal 

Vogt has speculated that the rich content of 
sympathm, m the reticular system and hypothalamus, 
may have a behavioural function reduction in 
content ıs caused by the administration to dogs of 
drugs known to effect stumulation of the sympathetic 
nervous system and the reflex release of adrenaline 
Puipura?* has demonstrated, ın cats with crossed 
circulations, the persistence of arousal or electrical 
excitability of the cortex, after cessation of stim- 
ulation of the bulbar reticular formation in the 
ipsilateral animal He also demonstrated simular 
effects in the unstimulated animal, but with a delay 
of 30-80 sec 

It is possible, therefore, that stress, by causing 
increased activity m the bram stem reticular forma- 
tion and a reflex secretion of adrenal medullary 
hormones, mfluences cortical activity m a non- 
specific manner Intense stznulation of this second 
hormonal loop within a generally stressful environ- 
ment, which has already resulted m enhanced 
activity m the production of corticosteroids, may 
have some relationship to abnormalities ın behaviour 

There are many factors which are still unknown 
The role of the limbie system of the bran has received 
much attention in various aspects of responses to 
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stress, particularly with reference to emotional 
behaviour, but little 1s known of its possible 


relationship to the hypothalamic control of hormonal 
output, except that the reticular system 1s probably 
implicated Again, the relationship of the sym- 
pathica-adrenal medullary system to the pituitary 
adrenal cortical system has many puzzhng factors 
In man, Sandberg et al?" found no effect from the 
infusion of adrenaline on adreno-coitical secretion 
but Harwood and Mason?! found a fairly marked 
effect on the dog 

It ıs therefore proposed that studies be carried 
out on the possible relationship of various aspects 
of behaviour and the activity of the braimn-stem 
reticular formation as determined indirectly by its 
sympathm content or by the output of cortico- 
adrenal steroids 

Beach?? found that morphine mjections result im 
a significant merease in exploratory behaviour in 
rats, as compared to a control group, but not as 
compared to a hungry group He considered that 
this effect was probably due to lowering of perceptual 
threshold through mereased activity of the reticular 
formation of the brain stem, but he did not relate 
his findings to those of Vogt, who found that 
morphine caused loss of hypothalamic sympathm 
with concomitant secretion from the adrenal 
medulla f 

Again, Petrmovitch and Bolles*! found ın studies 
on delayed alternation ın rats that 12 out of 16 
animals met the criterion of learmng—the remainder 
could never learn to alternate their responses on the 
T-maze These animals were subjected to a water 
deprivation schedule and ıt was found that m order 
to develop the delayed alternation response to its 
full, a loss in body-weight of 20 per cent was neces- 
sary Although it was concluded that memory 
served as a cue for the correct response, no further 
investigation was made into the failure ın training of 
the four rats which did not lose weight 

Thirst schedules are used ın many comparative 
psychological mvestigations ın order to induce a 
learning set, but the probable physiological processes 
involved are infrequently considered Hunger ıs 
usually considered as a drive However, Hebb‘? has 
equated drive with arousal on the hypothesis that an 
1nerease m. drive or arousal from a low to a moderate 
level and likewise a decrease from a high to a moderate 
level will favour the learning of responses 

All imitial handling of rats should therefore be 
considered as stressful, and the physiological literature 
abounds m warnings that even methods of exam- 
mations involving taking of blood induce an 
eosinopenia The literature of this aspect of 
psychology is also large, not only does constant 
handlmg affect growth and resistance to stress, 
but ıt also affects behavioural performance, such as 
reduction of numbers of errors im re-learning on a 
water-filled closed-field maze 

It would appear to be worth while mvestigating 
the influence of some of those methods used m 
physiological psychology on, for example, the 
corticosterone content of rats’ adrenals, the animals 
bemg killed by rapid decapitation, analysis bemg 
carried out by paper chromatography’?  Holzbauerti 
has demonstrated that, m decapitated rats, the 
hormonal stores of the adrenal cortex reflect the 
secretion-rate at the ime of death She found 
significant variations between unstressed rats belong- 
ing to different colonies, but the largest differences 
were between stressed and unstressed rats 
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For example, the influence on intelligence of 
rearmg rats 1n a free environment, as determined by 
the closed-field test of Rabmovitch and Rosvold!*, 
should be re-mvestigated , if there should bo any 
correlation between corticosterone secretion and 
behaviour under these conditions, then ıt might be 
possible to show some relationship between the 
response of the adrenal cortex and ‘brightness’ and 
‘dullness’ within similar strains 

Dogs The biochemical properties of the adrenal 
cortex of each species are probably specific and 
genetically determmed The secretion of the rat is 
unhke that of most other experimental animals and 
also of man, but those of the dog and the monkey 
are sufficiently simular to man, smce a large pro- 
portion of the total secretion would appear to be 
compound # 

Consideration should therefore be given to the dog 
as an. experimental animal, if results of significance 
can be derived from experments with rats 

The general plan of these further behavioural 
studies might well follow that of Thompson and 
Heron**, who investigated the effects of early experi 
ence on both the problem-solving capacity of dogs 
and on exploratory activity They found that the 
dogs reared in an environment which was restricted 
in perceptual content evimced significantly greater 
activity, but had a permanent decrement m intelh- 
gence compared to ther litter mates which were 
reared ın a normal environment 

24-hr food deprivation schedules were used mn 
trials on delayed reactions and ıt can be postulated 
that the stress of testing was different m the two 
groups 

In four normal dogs, delays of 240 sec were 
achieved after an average of 230 trials, but the 
iestricted dogs could not achieve any delay If a 
modification of Vogt’s technique’? for the estimation 
of sympathm in the central nervous system were 
used, then 16 might be possible to relate the sympathm 
content of the reticular formation and the intra- 
lammar thalamic nuclei to differences in behaviour 

If the sympathm content were higher in the 
normal dogs, then ıt could be deduced that the 
impaired learning of the restricted dogs was related 
to the activity of the reticular formation, but 
further experimentation would be required to 
ielate the strength of drive or of drive reduction 
to learning 

A series of mvestigations on learnmg set might 
provide more data of sigmficance It ıs known that 
stimulation of the central median nucleus of the 
thalamus (non-specific) produces facilitation of cor- 
tical sensory neurones‘? , also stmoulation of intra- 
laminar nuclei may interfere with learnng If these 
findings be related, then durmg the formation of 
learning set, two physiological processes may be 
involved—the determination of the motor response 
by the lmkage of the appropriate active cell assemblies 
and the progressive reduction m the activity of the 
arousal system 

Determination of this latter by Vogt’s techniques 
might be more meaningful to behaviour studies than 
muicro-electrode techniques 


Summary 


The future problems in aviation medicme are 
subtle and difficult Many are concerned with the 
determination. of behavioural responses to neurogenic 
stress m conditions where 16 1s impossible to reproduce 


NATURE 


VoL 184 


August 22, 1959 


fully this stress on the giound It would appear 
that studies on man should be supplemented by 
animal mvestigations and that a multi-disciplmary 
approach would enable adequate theories to be 
constructed on the relationship of alterations m 
perceptual learning to stress 

With the verification of such theories 01 important 
parts of them, ıt should be possible to derive new 
selection processes for personnel mvolved in future 
fhght or extra-terrestrial travel 


Acknowledgment is made to Prof D O Hebb 
and his staff for them patience and kindness while 
I was on leave of absence from the Royal Am Force 
and studymg i the Psychology Department of 
MeGill University, Montreal 
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A BONE IMPLEMENT FROM STERKFONTEIN 
By Dr. J. T. ROBINSON 


Transvaal Museum, Pretoria 


A MEASURE of controversy has been aroused by 
Dart’s thesis that Australopithecus used bones, 
horns and teeth as implements. Evidence for this 
view has mainly come from Makapansgat, but it is 
the purpose of this article to report the discovery of 
a bone implement at Sterkfontein. This single find 
supports Dart’s view in proving that bone was 
employed artificially in the Transvaal during the 
known australopithecine period ; on the other hand, 
whether this new find represents australopithecine 
handiwork is quite a different matter. 

imen under consideration was found on 
June 4, 1958, during a five-month excavation season 
devoted to further exploration of the Sterkfontein 
extension site. This abuts on, and is continuous 
with, the type site from which approximately a 
hundred specimens of Australopithecus have been 
recovered. As already reported'?, the Sterkfontein 
deposit (type plus extension sites) consists of three 
different breccias: (a) lower or type site breccia, 
which has yielded numerous 4 j remains 
but neither stone artefacts nor Equus; (b) middle or 
red-brown breccia, which has yielded 228 stone 
artefacts, a few small pieces of Australopithecus as 
well as remains of Equus; (c) upper or brown 
breceia, which is thin and patchy and has yielded 
Equus but neither Australopithecus nor artefacts. 
Where tho upper breccia occurs in the area actually 
excavated, it is separated from the middle breccia by 
a thin drip-stone or stalagmite. The bone implement 
was wholly eneased in solid red-brown (middle) 
breecia à short distance below the stalagmite. 

The maximum dimensions of the specimen are : 
length, 9} cm.; width, 3 cm.; and thickness, 
14 em. In most places the thickness is roughly a 
centimetre. It consists of a portion of a long bone 
which had been split longitudinally. One half was 
then apparently broken in a manner which left one 
end pointed. Tho surfaces resulting from the breaks 
which formed the point have become polished com- 
pletely smooth, while most of the natural bone 
surface has retained its original appearance—except 
for an appreciable amount of manganous staining. 
The specimen was originally longer than at present. 
In excavating the breccia in which it was embedded, 
it was broken into a number of pieces, all but a very 
few small pieces being recovered. The butt end was 
apparently slightly longer before the recent breaking 
occurred. Evidence of ancient damage to this end 
suggests that the specimen had originally been even 


l $ 

In view of the differences of opinion which exist 
about the reality of bone implements associated with 
australopithecines, it is necessary to examine the 
reasons for regarding this specimen as an artefact. 
Two common groups of agencies may produce 
post-mortem alteration to the natural shape and 
appearance of a bone. These are (a) natural 
weathering agencies, and (b) animals, including 
man. 


Under (a) the following may be considered : 

(1) Water. This could have acted by rolling and 
abrading the specimen while loose—in a stream-bed, 
for example. This action would first affect all ridges 
or other prominences. This is not true of the specimen 
in question. The most marked smoothing is not on 
ridges, and at least one fairly delicate ridge is present 
and scarcely affected. Most of the surface has not 
been smoothed at all. Rolling may thus be discounted. 
But water mày also have affected the specimen in 
another way. If the bone became partially exposed 
by weathering of the breceia, the exposed portion 
could have been smoothed by sand-bearing water 
flowing over it periodically while the protected 
portion remained unaffected. This can also be dis- 
counted, since the smoothed portions are related to 
the unsmoothed portions in such a way that tho one 
could not have been exposed without at least some 
of the other also. Furthermore, the entire specimen 
was in solid breccia overlaid by a stalagmite as well 
as a later breccia. All other bone in the immediate 
neighbourhood was fresh and showed no signs of 
artificial smoothing. 

(2) Wind. Wind-blown sand particles can readily 
smooth off rock, glass, bone and other such objects. 





Fig. 1. Vertical section through a portion of the Sterkfontein 
de ar PAA site showing the position of the bone implement in 
relation to the middle and upper breccias and the drip-stone layer 
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Fig. 2. 
to the specimen 





Fig. 3. Enlarged view of apex of the Sterkfontein implement, 
showing one of the two main polished surfaces 


However, this mechanism is indiseriminate in that 
all exposed parts are affected. The marked localiza- 
tion of the smoothed areas on the specimen and the 
relationship of smoothed to natural surfaces render 
wind action improbable in the extreme.  Further- 
more, the action of blown sand is to produce a fine 
frosting on the affected surfaces, not a smooth polish. 

The nature, relative size and distribution of 
the artificial surfaces and the circumstances of 
preservation eliminate also the remote poss- 
ibility of chemical weathering. 

Under (b) may be considered : 

(1) Carnivores. The carnivores which com- 
monly chew bones and which could conceivably 
be concerned in this instance are hyanas, the 
larger cats and the dog group. All these splinter 
the shafts of long bones or consume them 
entirely. It is impossible to see how any of 
them could produce either the shaping or tho 
polishing here involved. 

(2) Rodents. Some modern rodents gnaw 
bones found lying about, especially in caves. 
This is particularly true of porcupines, and 
many fossil bones bear witness to the antiquity 
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of this activity. Unwary observers may be 
misled by such bones as they are often gnawed 
along the shafts to produce a sharp edge or 
around the broken ends of shafts to produce 
chisel edges and similar effects. Examples 
occur among the bones found at Hopefield’. 
However, the unmodified results of porcupine 
gnawing are fairly easy to detect since the 
marks made by the chisel-shaped incisors are 
visible. Where weathering has afterwards 
smoothed the bone, the gnawing may not be 
easy to detect—as in the caso of some of the 
Hopeficld bones which occur in shifting, 
loose sand where smoothing may thus occur 
easily. 

This cannot be the explanation of the nature 
of the Sterkfontein specimen. There is no trace what- 
ever of gnawing anywhere on the bone. If the 
smoothed portions are regarded as areas of weathered 
poreupine gnawing, then it is difficult to explain why 
the other parts of the bone are totally unweathered, 
since a marked degree of weathering would be neces- 
sary to remove all traces of gnawing. Examples of 
rodent gnawing do occur in small numbers in this 
site and an example is shown in Fig. 5. But neither 
this nor any of the other bones so far found in this 
site exhibit the marked differential smoothing found 
on the bone under discussion. 

There appears to be no other reasonable explana- 
tion than that a hominid used the bone in a manner 
which polished smooth the surfaces utilized and did 
not affect the other parts. This is certainly the 
immediate impression given by the appearance of the 
specimen. It does not seem likely that it was used 
for digging, since soil would affect all surfaces of the 
specimen at the digging end and would also produce 
a more scratched surface than is the case. The only 
possibility seems to be that it was used for scraping 
or rubbing something with a definite and fairly soft 
surface—for example, the under-surface of animal 
skins. Under a stereo microscope a small amount of 
very fine scratching is detectable on the polished 
surfaces. This is much finer than that to be seen on 
Natufian bone implements from Mount Carmel, which 
show clear evidence of having been shaped deliber- 
ately, some of the shaping having been done with a 
blade of some sort ; some of the other surface marks 
on these specimens may either have been made with 
a stone blade with an uneven edge or be the result 
of use. There is no evidence of cutting on the Sterk- 
fontein specimen. 

It seems, therefore, that the characteristics of the 
Sterkfontein specimen can only be explained as a 
by-product of intelligent hominid behaviour. As 


ring 





Fig. 4. Enlarged view of a portion of the Sterkfontein specimen showing a 
shallow oval hollow (near centre) with completely unsmoothed surface 
partly surrounded by polished surface 
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Fig. 5. Fragment of fossil bovid mandible, from Sterkfontein 
extension site, which had been gnawed by rodents 


such it is the first clear-cut example of the utilization 
of bone from the Sterkfontein area and probably the 
best at present known from the australopithecine era. 
It certainly appears to be clear evidence of the 
artificial utilization of bone at that time-level. Since 
this specimen came from the same breccia which has 
yielded the stone artefacts from this site, it must 
presumably for the present be attributed to the 
makers of the latter. In my opinion'.*, Australo- 
pithecus is unlikely to have made the stone artefacts 
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—it seems more likely that Telanthropus was respons- 
ible. Probably, therefore, the latter was also 
responsible for the bone tool. It is not impossible, 
in view of the evidence accumulated by Dart, that 
Australopithecus had an ‘osteodontokeratic’ but not 
an established stone culture, but that Telanthropus 
did have the latter. If this is the case, it is possible 
that the Sterkfontein bone tool, but not the stone 
industry, was of australopithecine origin. It is, in 
any event, interesting to note that the specimen 
came from the back portion of the cave, as it was 
at the time of accumulation, among a mass of bones. 
The remainder of the deposit at that level has a 
much smaller proportion of bone. 

I am indebted to the director of the Archeological 
Survey and to Dr, R. Mason of the same organization 
for the loan of Natufian bone implements from 
Mount Carmel for comparative study. 


! Robinson, J. T., and Mason, R., J., Nature, 180, 521 (1957). 
* Robinson, J. T., Leech, 28, 94 (1958). 
* Singer, R., Amer. Anthrop., 58, 1127 (1956). 


CHEMISTRY IN THE PRESERVATION OF ANTIQUITIES 


AT a joint meeting of Sections B (Chemistry) and 
H (Anthropology) held during the York meeting 
of the British Association, Dr. A. E. A. Werner and 
Mr. R. M. Organ of the British Museum Research 
Laboratory discussed the subject of chemistry in the 
preservation of antiquities. 

Dr. Werner said that the application of the chemist’s 

specialized knowledge to the problems that arise in 
the preservation of antiquities may be taken to 
involve, first, the recognition of the symptoms of 
deterioration exhibited by antiquities and the 
realization of the ultimate causes for this deterioration 
expressed in terms of the physical and chemical 
strueture of the object, and, secondly, the evolution 
of sound methods of conservation based on theoretical 
considerations and tested by practical experimenta- 
tion—preferably, of course, on trial pieces or objects 
of minor importance specially acquired for the 
purpose. 
In the past, the methods used in the conservation 
of antiquities were largely of an empirical nature and 
the materials used were limited to those of natural 
origin which approximated most closely, in their 
chemical and physical properties, to the needs of the 
particular work in hand. Typical examples of such 
materials are waxes such as beeswax and paraffin 
wax, natural resins, and animal and vegetable glues. 
However, in the past three decades or so, there have 
been remarkable advances in high-polymer chemistry 
which have led to the introduction of many new 
synthetic materials, possessing a combination of 
chemical and physical properties not normally found 
in materials of natural origin. The assessment of the 
potential value of these synthetic materials in the 
elaboration of more reliable methods for the preser- 
vation of antiquities was discussed with special 
reference to specific problems in the preservation of 
antiquities of an organic nature. 

One outstanding problem is the question of the 
most suitable method for the treatment of wooden 
objects which are obtained from excavations in a 
so-called water-logged condition. Old water-logged 


wood may have a water content of more than 100 per 
cent of the dry matter in the wood, and its actual 
physical state will depend upon the degree of 
degradation, that is, the extent to which the cellulosic 
cell-wall structure has broken down. If this has 
reached an advanced stage, the wood will be quite 
soft, almost like cheese, and will have a very low 
mechanical strength. In eonsidering the problem of 
stabilizing old water-logged wood, there are two 


factors to be considered. The first involves the actual - 
removal of the large excess of water without causing 


serious deformation of the wood, and the second 
involves the consolidation of the wood to restore 
sufficient mechanical strength so that it can be 
handled with ease. 

If the water is allowed to escape by ordinary 
evaporation, surface tension forces exerted on the 
weakened cell walls will cause them to collapse. 
Hence, special techniques have been evolved. One 
such technique is the so-called alum process, in which 
the wood to be treated is immersed in a super- 
saturated solution of alum at a temperature of about 
95° C. until complete impregnation is achieved. The 
idea behind this method is to replace the water by a 
solid, alum being used because it can be dissolved in 
a very small amount of water. A more refined 
method is the use of the well-known biological 
technique for drying tissues by immersion in succes- 
sive baths of ethyl alcohol followed by immersion in 
baths of ethyl ether. If the final ether bath contains 
a resin such as dammar in solution, the resin will 
remain after evaporation of the ether to stabilize the 
wood structure. This is a relatively expensive 
process and involves a serious fire risk, so that it is 
confined, in practice, to the treatment of small 
objects, where it has been found to give excellent 
results. The well-known technique of freeze-drying 
can also be applied. The water is frozen to ice 
which is evaporated from the wood under vacuum, 
so that any tendency for the cell-wall structure of 
the wood to collapse due to exertion of surface 
tension of liquid water is avoided. Experiments 
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made in the British Museum have shown, however, 
that the results are unreliable, and the method is 
very slow and time-consuming, since it requires more 
or less constant supervision unless an expensive 
automatically controlled refrigerating unit is installed. 
Since none of the above techniques may be regarded 
as being uniformly successful, experiments have been 
in progress in the British Museum Laboratory based. 
on the use of the synthetic polyethylene glycol waxes. 
'These waxes, although possessing the characteristic 
physical properties of waxes, havo the rather unex- 
pected property of being soluble in water. "They are 
available in a polymerie series ranging from soft 
waxes rather like ‘Vaseline’ to hard waxes similar to 
the typical paraffin waxes. 1t has been found that 
the wax of average molecular weight 4,000 (the actual 
material used is known by the trade name of 'Carbo- 
wax 4000' produced by Union Carbide Chemicals 
Co.) is suitable for the treatment of water-logged 
wood. 'The new technique which has been evolved 
consists in immersing the wooden object in a 12 per 
cent aqueous solution of the ‘Carbowax 4000' at 
room temperature and slowly increasing the tem- 
perature to c. 60° C. over a period of many weeks. 
The water in the wood slowly diffuses out and is 
replaced by the wax. During ihe period of treatment, 
the solution is allowed to evaporate so that at the 
end the wooden object is lying immersed in molten 
‘Carbowax’. This technique is particularly suitable 
for wood which has suffered a considerable degree of 
degradation while in the water-logged state and is in 
Ja- spongy condition. 

Tf the structure of the water-logged wood has not 
—guffered too severely, and still retains a certain 
degree of structural strength, an alternative method 
of treatment can be adopted. The wooden object is 
allowed to dry out slowly by being placed under 
conditions of gradually decreasing humidity. Under 
these conditions, the wood will dry without suffering 

= distortion apart from a slight flaking of the surface 
layer. Consolidation is achieved by impregnation 
with an epoxy resin which is brushed on to the wood 
as a mobile liquid which readily permeates the wood, 
where it solidifies in situ at room temperature, thus 
conferring upon the wooden object the necessary 
mechanical strength. These epoxy resins, which have 
the highly desirable property of setting to a solid 
` without. undergoing appreciable contraction, are of 
general application as agents for the impregnation of 
wooden antiquities which are in a fragile state, for 
example, wooden objects which may have been 
"severely weakened as the result of attack by insects. 
In the case of leather objects which may be 
recovered from excavation in a fragile state as the 
result of being water-logged, or in a brittle condition 
due to excessive desiccation, immersion in molten 
polyethylene glycol wax of grade 1,500 at a tem- 
perature of about 45°C. affords a simple method of 
preservation. The hydrophilic wax removes the water 
and consolidates the water-logged leather, whereas 
in the case of the brittle leather, the absorption 
of the polyethylene glycol wax restores to a marked 
degree the flexibility of the leather so that it can be 
handled with ease and, if necessary, reshaped without 
fear of breaking. Two other synthetic waxes which 
have proved of value in the formulation of a wax 
mixture for the surface protection of antiquities 
are the microcrystalline waxes which, owing to their 
special physical structure, are superior to the con- 
ventional paraffin waxes and the hard polyethylene 
waxes of relatively high melting point. 
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Another field in which new synthetic materials 
have found extended use in conservation is that of 
adhesives. When considering the use of adhesives 
in the restoration of fragile antiquities, the single factor 
which is of major importance is the question of the 
amount of shrinkage which can occur when an 
adhesive sets; if this is large, strains are set up 
which may weaken the bond or cause distortion of 
the bonded complex. In this respect the most suitable 
adhesives are those based on epoxy resins; these 
represent a class of adhesive which sets by chemical 
reaction without the loss of any volatile material, 

The presence of soluble salts which have been... 
absorbed by porous objects while buried in the. 


earth prior to their excavation—for example, Egyptian 


ostraka—may be the latent cause of deterioration. 
When such objects are exposed to atmospheric 
conditions in which there are large fluctuations in 
the relative humidity, these salts tend to be trans- 
ported to the surface where they crystallize out, 
thus obscuring the surface and, in the course of 
erystallizing, causing the surface layer to flake away ; 
in the case of ostraka, this would result in the loss 
of the actual writing. These soluble salts can he: 
removed by the simple process of washing in water ; 
but, before carrying out the washing, it is necessary 
to consolidate the surface of the object in order to 
prevent any flaking away of the surface. This con- 
solidation can be readily achieved by the use of a 
special soluble modified nylon—-a material produced 
by Imperial Chemical Industries, Ltd., under the... 
trade name *Maranyl soluble nylon polymer C 109/P*;. 

This material is soluble in either methyl aleohol or 
ethyl aleohol, and when a 5 per cent solution in one 


of these solvents is brushed on to the object prior. ^ 


io washing, it deposits a surface film which is not 
only permeable to water (thus permitting elution of . 
the soluble salts), but also possesses a marked degree 
of flexibility so that it does not exert any undue 
contractile force on the frail surface layers. This 
material also possesses adhesive properties which 
render it very suitable for the reattachment of flaking . 
paint on wall paintings. 
in the treatment of a fragment of a tempera wall 
painting from a tomb at Thebes of the XVIIIth 
Dynasty in which the paint layer was tending to: 
blister badly. A warm 5 per cent solution of soluble 
nylon was brushed over the areas of flaking paint 


and gentle pressure applied. The alcoholic solution, . 
having a much lower surface tension than an aqueous ^. 
solution, readily flows into the minute cracks in the; | — 


blisters and spreads out underneath the flakes of. 
detached paint, drawing them back into position ; 
in this way a secure bond was formed between the 
reattached paint and the ground. Furthermore, the 


surface film has a matt appearance so that it does not ^ 


leave an msthetically undesirable sheen on the treat- 
ment areas of the painting. 

Mr. Organ dealt with the problems that arise in the 
preservation of bronze antiquities. He first described 
the causes of corrosion and the build-up of the 
corrosion layers. Metallographic examination shows 
that in the majority of bronze alloys the metal con- 
sists of a two-phase systern. Prior to excavation, these 
contiguous phases have often been in contact with 
water which had percolated through the soil and 
contained dissolved salts. An electrolytic system is 
thus set up in which one of the two phases corrodes . 
to form insoluble salts which are deposited on the 
surface of the objeet in the form of minerals which 
comprise the well-known ‘patina’ characteristic of 


It was used, for example, = 5 
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antiquities  Cross-sections of a corroded bronze 
were shown in illustration 

The occurrence of the so-called ‘bronze disease’ 
1n museums 1s connected with the presence of cuprous 
chloride as a component ın this mineral structure 
This material not only reacts with moisture and 
oxygen in the am to form basic cupric chloride 
(which is the hght green material that appears as 
the characteristic spots of bronze disease) but also 
attacks the underlymg bronze with the formation of 
euprite Hence action directed towards preserving a 
bronze object must be aimed at nullifying the activity 
of this particular salt 

In those cases where ıt ıs desirable to retam the 
mineral] patina on a bronze, the reactivity of the 
cuprous chloride may be overcome by the use of 
special chemical reagents, namely, (a) sodium 
sesquicarbonate solution or (b) specially prepared 
solid silver oxide 

In the first method the object is immersed in 
successive solutions of sodium sesquicarbonate, which 
has little visible effect on the patina, but 1s sufficiently 
alkaline to neutralize the hydrochloric acid produced 
when the cuprous chloride 1s slowly converted into 
euprite 2 CuCl + H,O=Cu,0 + 2HCl The second 
technique, mvolvimg the use of silver oxide, was 
specially developed in the British Museum Laboratory 
for the treatment of objects which for some particular 
reason cannot be mnmersed m an aqueous solution, 
for example, a bronze object inlaid with enamel- 
work The am of this procedure is to seal off the 
corroding areas contaimmg cuprous chloride by 
applying over them a layer of silver oxide powder 
which reacts to form an mmpervious layer of silver 
chloride 

When ıt 1s desirable to remove patina, which may 
be not only unsightly but also concealing valuable 
detail on the object, the various layers of mineraliza- 


GENETICS AND THE 


O assess the magnitude of Darwin's contribution 
to biology one hundred years after the publica- 
tion of “The Origin of Species”, rb 1s necessary to 
recognize that Darwin developed his ideas m a very 
different climate of biological thought from our own 
Darwin’s recognition of the dynamic nature of species 
was made at a time when species were regarded as 
the static products of natural creation 
Species, as aggregates of individuals subject to 
variation and constantly bemg replaced by those of 
their progeny which eseape from the hazards of their 
environment, represent a concept which we owe to 
Darwin and which still les behind our knowledge of 
evolution 
Modern theories of genetics have sprung from 
Mendel’s demonstration of the particulate nature of 
inheritance and the subsequent discoveries that the 
hereditable determinants, or genes, are located 1n the 
chromosomes The idea that genes are subject to 
mutation and lable to re-assortment at meiosis 
represents the crude mechanism of the variation on 
which natural selection must operate, but behind 
this hes the more fundamental aspect of gene evolu- 
tion and the biochemical mechanism of thei operation 
If the symposium in Sections D (Zoology) and 
K (Botany) of the British Association at the recent 
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tion can be successively removed by chemical means 
First, the green basic carbonate ıs dissolved by ım- 
mersing the object m alkaline Rochelle salt, then the 
cuprite 18 destroyed using dilute sulphuric acid, 
and, finally, the cuprous chloride layer is removed 
by cathodic reduction in alkaline solution When this 
treatment has been completed, there will still be 
residual chlorides remammg m the porous metal, 
these must be iemoved completely if the object ıs 
to remain m a stable state under normal museum 
conditions This can only be successfully achieved 
by a special process of intensive washing m many 
successive baths of distilled water The progress of 
the washing 1s followed by measurmg the electrical 
conductivity of the successive baths of wash-water 
until ıt falls to à minimum and the absence of chloride 
is established It has recently been found that this 
process, which used to take up to eight months for 
completion, can be speeded up by a factor of as much 
as ten by the use of ultra-sonics 

‘When the mineralized layers are removed, the object 
may sometimes be in such a frail state that some form 
of mechanical support 1s necessary In the past, 
material such as wood or plaster and adhesives such 
as shellac and nitrocellulose were pressed mto service 
faute de mieux An improved technique was recently 
developed m the British Museum Laboratory using 
a suitable epoxy resin which can be supplied as a 
liquid which sets «n situ to form a remforcement 
This material ıs ideal for the purpose because ıt 
adheres well to the metal, sets without shrinkage 
so that no contractile stresses are exerted on the 
fragile object, and ıt 18 transparent so that no details 
of design are obscured This technique was success- 
fully used to strengthen a unique silver hanging bowl 
excavated at St Niman’s Isle, Shetland, which, after 
removal of corrosion products, was as thm as an 
egg-shell A E A WERNER 


ORIGIN OF SPECIES 


York meeting gives an insight into modern evolution- 
ary thought, ıt ıs clear that geneticists are at present 
largely concerned with the manner of gene action and 
the process of modification m genetic constitution 
which selection induces Several speakers pomted 
out that the precise effect of a gene 1s modified by 
the genetic environment of the gene so that successful 
species come to possess a highly mtegrated gene- 
assemblage As Prof K Mather (Birmingham) 
emphasized, the mam features of an organism affected 
by selection are controlled by swarms of genes acting 
together Tho effects of separate genes are balanced, 
and selection shifts the balance, giving gradual and 
not jerky evolutionary change Moreover, ıt 1s only 
m this way that we can understand how an organism 
can achieve the complex selection-advantage we find, 
for example, m mimicry, where a strong degree of 
visual sumilarrty with the model must be obtamed 
before selection will operate In the case of the 
African butterfly, Papio dardanus, m which the 
female mimics several models, Dr P M Sheppard 
(Liverpool) described how the range of variation m 
mumic characters of the progeny of hybridization of 
geographical races indicated polygemic control Domi- 
nance of mimic features has been selected, so that 
hybrids between races which naturally meet ensures 
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mumuery in offspring, im hybridization of races 
which do not naturally meet, this dominance 1s lost, 
but reasserts itself when replaced in its origmal 
genetic environment by progressive backcrossing to 
the race which origmally possessed ıb 

Re-adjustment of the gene-complex under the 
pressure of selection will account not only for change 
within a species with the passage of time, but also 
for divergence of parts of a species Any tendency 
for genes not to diffuse throughout all the members 
of & species will encourage the development of 
restricted gene-complexes In introduemg the 
symposium, Prof J Heslop-Harison emphasized 
that these barriers to gene-flow, or isolating mechan- 
isms, are of several types 

Physiological isolation by hybrid failure or sterility 
is the mam genetic criterion by which species status 
is recognized, and this may be attamed at a single 
evolutionary step m cases of polyploidy 

Dr R Riley (Plant Breedmg Institute, Cambridge) 
directed attention to the high frequency of polyploidy 
in plants, where successful polyploids usually arise 
by the combmation of genomes, which, even if 
derived from the same species, are sufficiently 
different to allow diploid behaviour (chromosome 
pairing) to be established at meiosis Dr Riley showed 
how cytogenetical techniques had allowed the three 
genomes present m common wheat, which is hexa- 
ploid, to be identified as those of Tretzcewm mono- 
coccum, Aegilops speltoides and A squarrosa By 
takmg advantage of chromosome deficiencies, the 
mechanism controlling genetic isolation in wheat 
had been located and the way opened for hybridiza- 
tion with other cereals 

Isolation by breedmg preference was discussed 
by Dr A J Bateman (Christie Hospital and Holt 
Radium Institute, Manchester) Experiments with 
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the fly Drosophila, where a choice of mating partner 
is offered, indicate that, fo. example, body-colour 
mutants influence preference Field observations 
of nesting pans of birds where a plumage-colour 
variant is present have shown similar preference 
to operate m natural populations Constancy of 
pollmator m plants must play a similar part as, for 
example, between the two campions, Silene drorca 
and S alba, which are respectively bee- and moth- 
pollinated 

In both outbreeding plants and animals, however, 
spatial isolation by ecological or geographical factors 
is the most widespread external mechanism which 
allows initial divergence either by chance restriction 
of genes ın limited populations, or because ecological 
conditions diffe between populations or them parts 
The nature of soil preference and importance of 
competition were discussed by Dr © D Pigott 
(Sheffield), who described the manner of elimination 
of Vaccunvum viiis-rdaea from mixed populations with 
V myrtillus and occasional hybrids, by reduction in 
grazing pressure after enclosure and exclusion of 
sheep from upland oak-woods 

That divergence can precede isolation, however, 1s 
evident from experiments with Drosophila described 
by Dr J M Thoday (Sheffield) By disruptive 
selection (elimmation of the mean phenotypes and 
retention of extiemes) within a single breeding 
population over several generations, a steady trend 
of divergence of the extremes ıs produced Further- 
more, experiments, in which the most extreme 
individuals aie those used for bieeding, demonstrate 
that this difference can be maintained 

Expermnental studies of this type demonstrate 
very clearly that evolution is no longer a theory 
propounded by Darwm but an mdisputable fact 

C D Picorr 


OBITUARIES 


Dr. Louise Pearce 


Dr LOUISE PEARCE, former associate member of 
the Rockefeller Institute, who had worked there 
from 1913 until 1951, died m New York City on 
August 9 at the age of seventy-four years Having 
graduated MD at the Johns Hopkins University 
ın 1912, she began m 1913 her chemotherapeutic 
studies im association with W H Brown of the 
Institute A few years previously Ehrheh had had 
great success m the treatment of disease, including 
syphilis, with organic arsenicals In collaboration, 
these two workers studied experimentally the effect 
of arsenical compounds on laboratory infections in 
animals with the parasite causing African sleeping 
sickness One compound of this series, namely 
tryparsamide, prepared by Jacobs and Heidelberger 
m 1919, proved very effective against rabbit syphilis 
and was able to save the lives of animals infected 
with the pathogenic African trypanosomes Tests 
on the response of the human disease to this new 
substance were now urgently required Louise Pearce, 
of resolute character and endowed besides with great 
physical strength and vigour, was chosen to go out 
to the Belgian Congo in 1920, where thousands of 
natives were dying of the disease, and there carried 
out the tests at great personal risk 

The success of the new drug was soon obvious and, 
as Peyton Rous has written, ‘she brought about 


one of the most shming and spectacular of the early 
purposeful achievements of the Institute, the con- 
quest of sleepmg sickness" Tryparsamide owes its 
importance to the fact that 1t can reach the cerebro- 
spinal fluid ın considerable concentration and has the 
capacity to affect trypanosomes ın the central ner- 
vous system For this work Dr Pearce was awarded 
in 1953 the King Leopold II prize of 10,000 dollars 
and made an officer of the Royal Order of the Lion, 
having previously received the Belgian Order of the 
Crown Her colleagues, W A Jacobs, M Hedel- 
berger and W H Brown, were also honoured With 
the last-named she discovered a rabbit cancer, 
known as the Brown-Pearce carcmoma, which 
could be transplanted to other rabbits and has 
proved of considerable value experimentally The 
virus causing rabbit pox was another of her 
discoveries 

She was keenly mterested m medical education 
and served during 1946-51 as president of the 
Women’s Medical College of Philadelphia Besides 
her successful mission to Africa she served as visiting 
professo: of medicine at Peiping Union Medical Col- 
lege durmg 1931-32 Her interests were wide and 
embraced many aspects of national and mternational 
life As an officer of a number of organizations con- 
cerned with the study of bacteriology, medicine, 
tropical medicme, cancer and other diseases, she 
proved a good citizen of the world 
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Durmg her Iife-time she was awarded a number of 
honorary degrees and prizes Her monograph “The 
Treatment of Human Trypanosomiasis with Try- 
parsamide", published by the Rockefeller Institute, 
18 a classic J D FULTON 


Dr E S Duthie 


Dr Epwarp SrxPHENS Durare died on June 9 
at the age of fifty-two He was an experimental and 
chnical pathologist with an exceptional rango of 
talents Born m Kilkenny, he won a sizarship m 
mathematics to Trmity College, Dublin, and graduated 
in arts, medicine and science He began biological 
research under Prof J B Gatenby m Dublin and 
continued under Prof A E Boycott at University 
College Medical School, London, where he went as 
Graham Scholar m 1933 His published work durmg 
this period was concerned mainly with the mechanism 
of glandular secretion While convalesemg from 
tuberculous pleurisy ın Italy he wrote a paper on the 
origin, development and function of the blood cells 
in certain marine teleosts 

After a bref interlude as assistant pathologist at 
the University of Sheffield, he jomed the staff of the 
Dunn School of Pathology, Oxford, and collaborated 
with Cham in a study of ‘spreading factor’, which 
they identified as hyaluronidase Duthie was unfit 
for military service during the War so he worked 
as hospital pathologist at Northampton until he 
was recalled to Oxford to help Sm Hugh Cans , 
he organized and took charge of all the chemotherapy 
at the Radeliffe Infirmary and at the Military Hospital 
for Head Injuries His development of penicillinase, 
his work with Cham on the theory of action of peni- 
clin and his demonstration of the influence of pH 
on the activity of streptomycin, have all contributed 
to the rapid progress of chemotherapy 

Duthie took charge of the Serum Department of 
the Lister Institute in London m 1946 and worked 
on serum and bacterial proteases and their mhibrtors 
In 1948 he was appointed deputy director of pathology 
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at Southampton, becommg director n 1952 Durmg 
the past ten years he studied various products of 
the staphylococcus His crownmg achievement was 
the purification of coagulase—the first blood-clottmg 
substance to be purrfied 

Duthie’s mtegrity, sympathy and kindness were 
apparent to all who met him, his friends knew his 
generosity, his concern for refugees and all who were 
oppressed, his appreciation of art and music and his 
courage and cheerfulness ın the face of prolonged 
ill-health CHARLES H Lack 


Mr John Cecil May, CMG, OBE 


By the death on September 10 of J C May, 
director of the Empire Cotton Growmg Corporation, 
tropical agriculture has lost one of its wisest and most 
distinguished administrators of agricultural research 
His background of geology and forestry at Oxford, 
and of the admunistrative service ın Nyasaland and 
Tanganyika, was singularly appropriate for the 
development of his life’s work m an mdependent 
corporation engaged in research m tropical terrt- 
tories His judgment and enthusiasm were largely 
responsible for the high standard of recruitment 
to the Corporation’s service, and his sympathy and 
understanding for the welfare of his staff in the 
diverse circumstances in which they work He under- 
stood the needs and difficulties as well as the respon- 
sibilitzes of government departments, and his breadth. 
of interest was the foundation of the co-operation 
between government officials and the research staff 
of the Corporation that has been so fiuitful ın the 
extension of the cotton crop m African territories 
His vision and grasp of practical needs and possrbilitaes 
enabled the Corporation to continue to provide staff 
for the Sudan when the Republic of the Sudan was 
established In plannmg the British contribution 
to techmeal services in the new Africa that 1s emerg- 
ing, his counsel will be sorely missed 

J B HUTCHINSON 


NEWS and VIEWS 


International Red Locust Control Service 


Tue last plague of the red locust, Nomadacris 
septemfasciata Serville, lasted from 1930 until 1944 
and affected most of Africa south of the equator 
Field mvestigations by British, South African and 
Belgian scientists revealed comparatively small out- 
break areas in Northern Rhodesia and Tanganyika 
In 1941 A P G Michalmore set up headquarters in 
Abercorn, Northern Rhodesia, and began preventive 
control of these areas, in 1945 H J Bredo became 
director of the International Red Locust Control 
Service This Service was established by mter- 
national treaty m 1949 and the first decade of the 
treaty was completed on August 5 this year At 
first, the idea was to watch for any upsurge of locusts 
in the outbreak areas and then to arrange control 
measures, but 1t became clear that events moved too 
quickly and the Service had to be constantly ready to 
attack Even so, swarms escaped from the outbreak 
areas in most years until operational research, mainly 
by Haydn Lloyd, led to the design of fully effective 
methods of control, usmg very light aircraft In 
1955 there occurred the largest upsurge ever recorded , 


1t was completely controlled No swarms have 
escaped since 1954 
Dr D L. Gunn, CBE 


Durna the period 1952-59 the director of the 
International Red Locust Control Service was Dr 
D L Gunn Educated at the High School and the 
University College, Cardiff, he was then for seventeen 
years at the University of Birmingham, first as 
assistant lecturer and finally senior lecturer m 
zoology There he became known for researches on 
the temperature and humidity relations of imsects 
and he collaborated with Dr Gottfried Fraenkel imn 
“The Orientation of Anmals” (Oxf Univ Press) 
Towards the end of the War, he was seconded to 
Kenya to study the behaviour of desert locusts in 
swarms, m relation to aircraft spraymg, and m. 1945 
with Douglas Yeo and a team from the Chemical 
Defence Experimental Establishment, Porton, he 
carried out the first attacks on adult locusts m Africa 
that used liquid msecticide sprayed from aircraft In 
1946 he became the first prmerpal scientific officer 
of the Anti-Locust Research Centre, then newly 
separated, under Dr B P Uvarov, from the Common- 
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wealth Institute of Entomology, and was responsible 
for starting and building up tts research programme, 
both m the Centre laboratory and extra-murally m 
universities In 1947, jomtly with H A F Lea 
(now chief locust office: of the Union of South Africa), 
he was responsible for successful aircraft spraying 
experiments against the red locust ın Tanganyika 
In 1950 he did field experiments m Somaliland and 
the Sudan which resulted m the complete replacement 
of wet bait by dry bait for controlling the desert 
locust with great economies m cost In 1952 he was 
appomted directo: of the International Red Locust 
Control Service , in the following years, this Service 
was completely reorganized, made effective, and 
cheapened to about half its earlier maximum annual 
cost Dı Gunn was appomted C B E in 1958 and 
he now leaves África to become director of the Tea 
Research Institute of Ceylon 


Mr C du Plessis 


Tae Council of the International Red Locust 
Control Service has invited Mr C du Plessis to 
become director, m succession to Dı Gunn Edu- 
cated at Oudtshoorn and at Grey University 
College, Bloemfontem, he lectured m zoology at 
Grootfontein College of Agriculture for six years 
and m entomology at Glen for four years before 
begmning full-time research on stall-borer at Kroon- 
stad Soon after the red locust plague reached 
South Africa, he began research under Prof J C 
Faure, publishing maunly in the science bulletins of 
the Department of Agriculture, and becommg 
increasingly mvolved in contro] as well In 1944, 
locust research, locust control, and admunistration, 
were combined under the newly enlarged post of 
chief locust officer, to which post Mr du Plessis was 
appointed He was 1esponsrble for contammg within 
the outbreak areas a prolonged upsurge of the brown 
locust from 1948 until 1954 , during this period, both 
control methods and admunistration were com- 
pletely revolutionized Representing South Africa 
on the International Red Locust Control Service 
Council for many years, he was elected president in 
1954 in succession to Mi G B Beckett, then 
Member for Agriculture ın the Northern Rhodesia 
Government He retired fiom the post of chief 
locust officer 1n December 1958 


Theoretical Mechanics at Southampton * 
Prof B Thwaites 


A THIRD cham of mathematics, with special refer- 
ence to fluid mechanics, has been created at South- 
ampton ‘The first holder of the chair will be Dr 
Bryan Thwaites Dr Thwaztes, after graduating ın 
Cambridge with first-class honours in mathematics, 
spent three years in the National Physical Laboratory 
and was then &ppointed lecturer at the Imperial 
College of Science and Technology 1n the Department 
of Aeronautical Engineering In 1951 he became 
assistant master at Winchester College but maintained 
his contact with university teaching and research as 
visiting lecturer m fluid mechanics at the Imperial 
College Dr Thwaites has been a member of the 
Performance Sub-Committee of the Aeronautical 
Research Council and is at present a member of the 
Fluid Motion, Engine Aerodynamics and Laminar 
Boundary Layer Panels of that Council He is 
chairman of the Aerofoil Theory Panel and editor of 
“Incompressible Aerodynamics” due to be published 
this year Huis name is familar m the form of the 
Thwaates flap and with his engineering interests 1b 1s 
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expected that his appomtment will strengthen the 
already existing ties between mathematics and 
engmeermg m the Umversity of Southampton 
Dr Thwaites’s wide cultural and teaching interests 
will be particularly welcomed ın the rapidly expanding 
University of Southampton 


Electrical Engineering at Southampton * 
Prof L G A Sims 


Dr Sms, head of the Electrical Engineering 
Department and senior lecturer ın electrical engineer- 
mg m the University of Southampton, succeeded the 
late Mr P G Spary m 1952, and he has now been 
made professor ın. the University Dr Sims studied 
under the late Prof William Cramp at the University 
of Birmmgham, graduating with first-class honours 
and a Bowen Research Scholarship in 1924 He 
obtamed his M Se with an award of a research prize 
He joined the Research Laboratories of the General 
Electric Co , Ltd , under the late Sir Clifford Paterson. 
Later he jomed the lecvuring staff of the University 
of Birmingham, and although primarily concerned 
with power engmeermg, and founding the first 
electronics laboratory, he was associated with the 
first successful television reception m Birmmgham 
recerved from the origmal London Baird transmitter 
Dr Sims initiated and directed researches at 
Birmingham upon the imcremental properties of 
magnetic steels In 1936 he was appointed head of 
the Electrical Engmeering Department of the 
Northampton Polytechnic m London On the power 
utihzation and supply side, Dr Sims was one of the 
first engmeers m Britam to be mterested in energy 
storage with the ac system and initiated research 
work upon electro-thermal storage methods He has 
held senior teachimg appomtments m Government 
Service both at the Royal Naval College, Greenwich, 
and the Royal Aircraft Estabhshment, Farnborough 
During the session 1957-58 Dr Sims was chairman of 
the Institution of Electrical Engimeers, Southern 
Centre His mam ambition ıs that he and his staff 
shall advance the prestige of the already well-known 
Electrical Engmeermg Department ın the University 
of Southampton, and laison work with large indus- 
trial concerns in different parts of Britain together 
with new electrical courses may lead to a system of 
postgraduate scholarships m. electrical engmeering by 
the time of the University centenary in 1962 


Physics at the University College of North Staffs - 
Prof D J E Ingram 


Dr D J E Ineram has been elected to the chair 
of physics at the University College of North Stafford- 
shire, in succession to Prof F A Vick, who has 
become deputy director of the Atomic Energy 
Research Establishment, Harwell (Nature, 183, 861, 
1959) Dr Ingram was reader in electromes at the 
University of Southampton, where he went m 1952 
to work with Prof E E Zepler, now president of the 
British Institution of Radio Engineers He took a 
first m physics at Oxford m 1948 and worked for 
three years under Prof B  Bleaney on magnetic 
resonance At Southampton he extended his work 
on microwave spectroscopy, gathermg together a 
team. of physicists, chemusts and electronic engineers, 
which has applied the techniques of electron resonance 
to a variety of problems in physics and chemistry 
This work has been particularly fruitful m studies of 
metallo-organic compounds, such as the hemoglobn 
molecule, in the investigation of breakdown processes 
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resulting from ultra-violet nradiation and ın detection 
of free iadicals m, various forms of carbon Dr 
Ingram has also been concerned with the study of 
maser and mavar problems, and with the use of 
electron resonance in applied electromes He ıs the 
author of two books on the applications of microwave 
spectroscopy to physics and chemistry, and has been 
one of the instigators of the formation of the 
Radiofrequency Spectroscopy Group 


Chair of Applied Mathematics at Cardiff: 
Prof P T Landsberg 


Da P T Lanpsserc, who has been appointed to 
the newly created cham of apphed mathematics at 
Cardiff, came to Britain from Germany in 1939 He 
followed his bachelor's degree m the University of 
London by a master's degree 1n the field of quantum 
mechanics, and ın 1947 he became one of the early 
membeis of Dr T E Alhbone’s staff at the Associated 
Electrical Industries Research Laboratory, Alder- 
maston He paiticipated in the semi-conductor 
interests of the Laboratory, concentrating on the 
theory of electrical bamiers The generosity of the 
Laboratory enabled him also to work at the same 
time for a Ph D degree under Prof H Jones on the 
effects of electron collisions on the soft X-ray emission 
bands of sodium, this investigation showed that 
there were long-range correlations among the electrons, 
1esultmg in an unexpected screening of the Coulomb 
interactions Since 1950, Dr Landsberg has been a 
lecturer m natural philosophy at Aberdeen, where his 
teaching interests have ranged from first-year prac- 
tical classes to statistical mechanics at an advanced 
level In 1956, together with his pupil, Dr I E 
Farquhar, he helped to re-open the subject of the 
quantum statistical ergodic and H theorems, which 
were thought to have been proved by von Neumann 
in 1929 and later improved by Pauli and Fierz, by 
showmg that they were based on an erroneous 
aigument Also in 1956, Dr Landsberg published a 
notable paper on the foundations of thermodynamics 
in “Reviews of Modern Physics”, and has a book 
appearing shortly m the same field He has mam- 
tamed his mterest 1n semiconductors, where his most 
iecent paper, with his pupil, Dr A R Beattie, shows 
that electron collisions can play-the dommant part in 
limiting the life-tume of excess carriers in indium 
antumomde From the agreement between his theory 
and the experimental findings, ıt appears that this 
substance may be the first semiconductor m which 
the life-trme has been made to approach tts theoretical 
maximum 


Festschrift for R E Snodgrass 


THe whole of Vol 137 of the Smithsonian Miscel- 
laneous Collections (Studies in Invertebrate Morph- 
ology Pp v+416+49 plates Washington, DC 
Smithsonian Institution, 1959) consists of a series of 
seventeen orginal articles by well-known entomo- 
logists from many parts of the world under the 
general title of ‘‘Studies in Invertebrate Morphology", 
and is published “ım honor of Dr Robert Evans 
Snodgrass on the occasion of his eighty-fourth birth- 
day, July 5, 1959” It ıs hard to thmk of R E 
Snodgrass as having reached this score Ho is the 
tough wny Mark Twain type of American, admurably 
depicted in a frontispiece made last year, his ready 
and shghtly caustic wit remains unimpaired, and he 
1s still turning out first-class work on the morphology 
of msects The book contams a sympathetic bio- 
graphical chapter by Dr Ernestne B Thurman, 
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illustrated with some of the highly professional comic 
drawings that Snodgrass produced in his early days 
The scientific articles mamtam a high standard 
throughout and many of them demonstrate the 
widespread influence exerted by Snodgrass as a 
morphologist But Snodgrass has always taught 
that “morphology must be mtimate with function” 
and it 1s appropriate that there are several good 
papers on insect physiology There is plenty of 
good material in the volume , but it 1s fitting that 
the best paragraphs of all (pp 17-18) should be those 
in which R E Snodgrass himself resumes his outlook 
on life in a few well-chosen words 


Sir Dorabji Jamsety: Tata (1859-1932) 


Tue leading architect ın the intellectual and mdus- 
trial renaissance of India Sir Dorab)i Jamsetjı Tata 
was born at Bombay on August 27, 1859, and was 
educated at Gonville and Cais College, Cambridge, 
and at the University of Bombay, where he graduated 
m 1882 On his father’s death, he became head of 
the company, Tata and Sons, the largest mdustrial 
concern m India In 1911 he established the Tata 
iron and steel works at Jamshedpur, and in the 
same year founded the Indian Institute of Science at 
Bangalore to prepare young Indians for the duection 
of modern large-scale industries and for mdustrial 
research He was knighted in 1910 and served as 
president of the Indian Industrial Conference ın 1915 
A great philanthropist who rendered help without 
distinction of caste or creed, he gave £25,000 to the 
University of Cambridge ın 1920 for the equipment 
of laboratories in the School of Engineermg (he was 
elected an honorary fellow of his college ın 1922) 
In 1931 he created as a memorial to his wife the 
Lady Tata Memorial Trust for research in any part 
of the world into diseases of the blood, and for work 
in India for the alleviation of human suffermg The 
last of his house, he died at Kissmgen m Bavaria on 
June 3, 1932 and was buried in the Parsi cemetery 
at Brookwood, Woking In 1945 the Tata Memorial 
Hospital was erected m the city of his buth 


National Science Foundation Review of Research 

and Development 

In a statement on Research and Development and 
Economic Growth (issued as No 18 by the US 
National Science Foundation in 1ts Reviews of Data 
on Research and Development), Dr A T Waterman 
said that the Foundation’s studies mdicated that 
national research and development effort currently 
stood at more than 10 thousand mulhon dollars, 
compared with less than 500 million dollars before 
the War, and had doubled since 1954 In terms of 
performance, industry accounted for about 70 per 
cent, Government about 20 per cent, and universities 
and other non-profit institutions for the rest m 
terms of finance Government accounted for rather 
more and industry for somewhat less than half 
Dr Waterman stressed the long-term significance of 
the economic umphecations of research and develop- 
ment, and besides the beneficial results which war 
expenditure on military research and development 
might have on the civilian economy, research and 
development could stimulate the under-developed 
economies of other countries It was the key to the 
two great challenges of the future the increasing 
opportunity to achieve our own potential growth 
and expansion and the urgent need to co-operate 
with the great under-developed countries of the world 
Of the 10 thousand milion dollars currently expended 
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on research and development, only about 6 per cent 
was on basic research In makmg a strong plea for 
more support of basic research, especially m colleges 
and universities, Dr Waterman said that this would 
ultumately reduce development costs by indicating 
the best fields of research The Federal Government 
was supporting research m academic institutions 
but wished to see industry increasing its support 
for such research as well as its support of basic 
research m its own laboratories Industry was the 
largest employer of scientific personnel, employing 
in January 1957 nearly two-thirds of the scientists 
and engineers ın the United States, including 528,000 
engineers, 152,000 scientists and 58,000 administrators 
of such activities, about a third of whom were 
engaged on research and development 


Scientific and Technical Personnel 


THE National Science Foundation of the United 
States has announced that at the request of the 
Bureau of the Budget it will be responsible for 
establishmg and maintammg a programme of 
national information on scientific and technical 
personnel This will cover their traming and 
utilization, compensation levels, supply and demand, 
and other related data The Foundation will organ- 
ize the register, co-ordinate and analyse all mforma- 
tion gamed, and ensure that the findmgs be made 
public Much of the mformation recommended will 
be produced by extending existing statistical records 
Other projects will have to be mitiated to meet the 
objectives of the programme The decision of the 
Bureau to ask the Foundation to organize the 
register arose from recent recommendations of an 
advisory panel on ‘Scientific Manpower Data Re- 
quirements’ The panel recommended a programme 
of fifteen projects, of which the most urgent were 
considered to be first an identification of scientific 
and technical occupations, secondly, a periodic 
survey of organizations employmg scientific and 
technical personnel, and finally, a periodic study of 
the demand outlook for various categories of scientific 
and technical personnel m each major activity The 
last item. would include analyses of employment and 
production growth trends and also the changmg roles of 
particular classes of scientific and technical personnel 


Productivity Measurement in Great Britain 


A REPORT by T E Easterfield (Department of 
Scientific and Industrial Research Productivity 
Measwement m Great Britam a Survey of Recent 
Work By T E Easterfield Pp u+79 London 
Department of Scientific and Industrial Research, 
1959) attempts to survey recent or current British 
studies of productivity measurement at the level of 
the individual factory, together with such other 
related work as seems particularly Jlummatıng 
Studies based on overall statistics of whole mdustries 
are included only where they throw hght on the 
problems of more detailed studies The report first 
briefly discusses the main purposes of productivity 
measurement overall economic analysis and plan- 
nng, planning, target setting and the forecasting of 
requirements of industries or firms , the spothghtmg 
of cases that stand out by reason of high (or low) 
productivity , and mvestigation of other factors 
that may affect productivity, and ther relative 
importance The main sections are the problem of 
multiple inputs, the problem of multiple outputs, 
the study of factors affecting productivity and the 
translation of results for practical application 
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Education in the Commonwealth 


A PAMPHLET, “Commonwealth Education The 
United Kingdom Contribution” (piepared for the 
Commonwealth Relations Office and the Colonial 
Office by the Central Office of Information Text by 
Duncan Ciow Pp 68+4 plates (London HM 
Stationery Office, 1959 ) 2s 6d), gives an impressive 
picture of what the United Kingdom is already domg 
in this field, to which, in the twelve years April 1946— 
March 1958, Britain contributed under the Colonial 
Development and Welfare Acts £35 million in giants 
and loans, of which £16 milhon were for primary and 
secondary education, £6 mullhon for technical and 
vocational education and £13 millon for lugher 
education The pamphlet biings togethei, moreover, 
facts about an effort which embraces also what is 
bemg done through the British Council for the 
welfare of the 7,000 odd full-time Commonwealth 
students in the United Kingdom, some of whom are 
numbered among the 728 traming as teachers in the 
United Kingdom and for the teaching of Enghsh in 
the Commonwealth There 1s a section dealing with 
the Colombo Plan tramees and with the 6,566 
Commonwealth students m United Kingdom tech- 
mical colleges, and another with the remaikable 
growth of Commonwealth universities between 1938 
and 1957, m which period the number of institutions 
has mereased by 50 per cent, them teaching and 
research staff has trebled and full-time students have 
nearly quadrupled No attempt is made to indicate 
the total cost to Great Britam, and, umpiessive as 1t 
1$, the pamphlet shows clearly enough how much 
more remains to be done and the opportunities which 
mterchange schemes, for example, offer for expansion 


Public Library Statistics in Great Britain 


“Sravistics of Public (Rate Supported) Libraries 
in Great Britain and Northern Ireland 1957-1958” 
(Pp 33 London Library Association, 1959 
7s 6d ) gives the number of public library authorities 
in the United Kingdom on March 31, 1958, as 569, 
serving an estimated population of 51,597,000 and 
holding & stock estimated at 68,600,000, approxi- 
mately 16 per cent bemg reference stock Issues for 
home reading are estimated at about 431,863,000, 
an increase of 12,435,000 on 1956-57, and total expen- 
diture was £17,522,000 compared with £15,906,000 in 
the previous year, of which £4,254,000 and £3,863,000 
respectively were expenditure on books Full-time 
non-manual staff numbered 12,990 compared with 
12,760 in 1956-57, and at least 1,870 part-time paid 
staff were also employed There are at least 32,755 
public library service points m the United Kingdom, 
including 569 municipal central hbraries and county 
headquarters, 1,333 full-tume branches, and 30,853 
part-time branches, centres, etc , as well as 200 mobile 
hbraries 


Instrument Construction 


THE Russian monthly Prboostioente, which 1s 
described as a “‘scientific, technical and production” 
journal, 1s bemg produced in an English translation 
under the title Instrument Conshuchon (No 1, 
1959 Translated from the Russian Pp 38 Pub- 
lished monthly Subseription £6 yearly post free 
(1710 dollars US A and Canada) Special rate of 
£3 yearly post paid (8 55 dollars US A and Canada) 
available to University and Technical College Lib- 
raries Single copies 15s each (215 dollars USA 
and Canada) London Taylor and Francis, Ltd, 
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1959), by the British Scientific Instrument Research 
Association for the Department of Scientific and 
Industrial Research It covers industrial instruments 
and instrumentation, automatic control and produc- 
tion engineering for precision work and affords a 
valuable insight mto current Russian practice m 
these fields The first number of the journal corre- 
sponds to the January 1959 issue of Pribor ostroenae 
and each issue of the English journal, because of tho 
time needed for translatmg and printing, will be 
published two and three months later than the 
corresponding Russian number The contents of the 
first number includes five short articles from the 
twenty-first congress of the Communist Party of the 
Soviet Union The articles pay tribute to Mr 
Khruschev’s report “Targets for the Development 
of National Economy of the USSR for the period 
1959-65", and deal mainly with various aspects of 
the extension of automation in industry m further- 
ance of the seven-year plan The more technical 
articles deal with the automatic control of ferro-alloy 
furnaces , a transistorized analogue computer , 
an electronic phasemeter with a range of — 180° to 
180°, and field magnets and magnetic lenses for 
cathode-ray tubes with cold cathodes Laboratory 
notes, and reviews and abstracts from the pages of 
the Czechoslovak journals, make up the remainder 
of the contents 


French Journal of Science Teaching 


Tre first edition of V Enseignement des Sciences has 
made its appearance (1, No 1, May-June 1959 
Hermann Pans 1,200 francs per annum), it is 
to be published five times a year The journal aims 
to cover a wide field of science mstruction and to 
publish as much original research as possible for the 
“amelioration of scientific studies” The first edition 
consists of 48 pages with seven plates, bold ime 
graphs and some amusing Lima line cartoons The 
mam article, the “Known Limits of the Universe", 
covers eleven pages and is well illustrated Articles 
follow on the importance of science m education, a 
report on the improvements m teaching at the 
Nancy school of mines, and modern mathematics 
and ther teaching An extensive review of Jean 
Perun's “Elements de la Physique" 1s eluded, also 
an interesting article on the philosophy of children 
which 18 based on Charles Rollm’s “Traté des 
Etudes” (1726) m honour of his memory Inquiring 
articles also occur on perceptions of geometry, ete 
The journal concludes with numerous short reviews 
and a section of general correspondence 


Atomic Energy in Australia 


THE contents of the December 1958 issue of Atomic 
Energy (2, No 1), the quarterly published by the 
Australian Atomic Energy Commission to keep 
industry and commerce mformed of progress in the 
field of atomic energy, includes an article by J L 
Symonds describing procedures for the commissioning 
period of the reactor Hofar , a review of reports made 
to the Second International Conference on the 
Peaceful Uses of Atomic Energy m Geneva durmg 
September 1958 on nuclear power developments in 
the various countries, and an authoritative dis- 
cussion of the power position m South Australia by 
S E Huddleston, assistant general manager of the 
Electricity Trust of South Australia He maintains, 
contrary to the statements of many writers, that 
South Australia 1$ not ın need in the immediate future 
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of nuclear power, largely because of the determuned 
and efficient use beng made of the power resources 
which are at present available The only economic 
coalfield m the state 1s at Leigh Creek, some 350 miles 
north of Adelaide, and m 1958, 694 million kilowatt 
hours were produced from Leigh Creek coal by the 
Electricity Trust This will be stepped up when new 
plant becomes available and ıt 1s expected that Leigh 
Creek coal will be fully exploited by about 1965 
The increase 1n demands for electricity indicates that 
1t will be necessary for South Australia to introduce 
nuclear power m 1970 but a decision to build an 
atomic power station there may not be made for 
another five or six years The future of nuclear power 
m Australia will be governed by the relative cost 
of generation from nuclear and conventional Sources , 
the relative capital mvestment involved , and the 
availability and reliability of nuclear and conventional 
fuel Mr Huddleston considers that South Australia 
will be the first of the States to need nuclear power 
and his careful review of the relevant factors as they 
affect South Australia may prove valuable ın assessing 
the value of mtroducing nuclear power into other 
parts of Australia 


The Australian Museum 


THE annual report of tho Trustees of the Austiahan 
Museum for the year ending June 1958 (Pp 19 
Sydney Government Printer, 1959) records with 
appreciative comment the iecempt of increased 
financial support from the Government It also 
states that the clearance of temporary buildings has 
been carried out and that the site 1s now ready for 
the new wing which will form the continuation of 
the northern frontage of the Museum for which 
working drawings have been prepared A generous 
gift by Sir Edward Hallstrom will enable the lecture 
theatre to be re-modelled and brought up to date 
and thus make it of more use to the rapidly develop- 
ing schools service Much field work has been carried 
out by members of the staff and ıt 15 interesting to 
note that the appomtment of a public relations officer 
has resulted m good pubherty m many media 


Sterra de Tamaulipas, Mexico 


BETWEEN 1945 and 1955 Dr MacNeish, now of the 
National Musoum of Canada, led three expeditions 
to the state of Tamaulipas 1n north-east Mexico, and 
m a new publication (Transactions of the American 
Philosophical Socrety New Series, Vol 48, Part 6 
Prolmmary Archæological Investigations m the 
Sierra de Tamaulipas, Mexico By Richard S 
MacNessh Pp 210 Philadelphia American 
Philosophical Society, 1958 5 dollars) he gives the 
results of his work in the Sierra de Tamaulipas, a 
range of hills m the south of the State It was not a 
favourable region for the development of elaborate 
cultures, although ıt was occupied for most of the 
time when the high civilizations of ancient Mexico 
were flourishing farther south The importance of 
this study, which 1s considerable, lies ın the evidence 
obtained from excavations m a dry cave for the 
cultivation of maize and squash on a small scale at 
the very early date of about 2500 Bc, in a mainly 
gathermg and hunting culture This is the earliest 
satisfactorily dated example so far known of cul- 
tavated maize, and a discussion of its botanical 
impheations was published by P C Mangelsdorf, the 
author and W C Gahnat ın Botanical Museum 
Leaflet, Harvard University, 17 (5), 1956 
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African Botany 

A VEGETATION Map of Africa m colour, with 
accompanying explanatory notes by R W J. Keay, 
and with a French translation by A Aubréville, 
has been published on behalf of l'Association pour 
l'Étude Taxonomique de la Flore d'Afrique Tropicale, 
with the assistance of Unesco (Oxford University 
Press (1959), price 15s m the United Kingdom only) 
The vegetation concerned ıs that which occurs 
south of the Tropic of Cancer The author explains 
that the aim of the map 1s to show the vegetation as 
it 18 to-day and not the presumed climax types He 
pomts out that the boundaries between the zones are 
seldom precise on the ground although, m the interests 
of clarity, they are thus represented on the map 
The name selected for any particular zone relates to 
the most widespread natural or semi-natural type of 
vegetation found within 1b Other necessary clarify- 
ing observations are also indicated 


‘Parsnip’ Dermatitis 

UxpzR this title B J Youngman has given an 
interesting account of various blisters and rashes 
caused by certam umbelliferous species, mM particular 
those of Heracleum and Pasiinaca (Kew Bulletin, 3, 
387, 1958) In one instance, boys who had been 
playmg with the giant species Heracleum mante- 
gazzanum, using the stout stems as swords and 
telescopes, developed such severe red rashes and, 
Jater, blisters, as to require hospitel treatment This 
species of ‘cow parsnip’, which may grow to a height 
of 12 f with hollow stems 4 m m diameter, 18 a 
native of the Caucasus Origmally mtroduced into 
Britam as a garden plant, 1t has now become natural- 
wed m waste places, along rivers, etc The author 
also discusses the edible, acrid, and vesicant properties 
of other species of Heracleum and of Pastinaca, to 
which the domestic parsmp (P satwa) belongs, and 
cites evidence of more or less severe dermatitis effects 
which have been traced to them She also recalls 
that some of the Umbellfere have not merely acrid 
and scalding juices or mgredients but are virulently 
poisonous, for example hemlock So far the toxic 
principles present m species of Heracleum, Pastinaca 
and other umbelliferous plants have not been isolated 
or identified 


The Mammals of Banff National Park, Alberta 


Iw 1885, an area of 10 square mules around the 
newly discovered hot sprmgs m the Bow Valley of 
the Alberta Rockies was designated as Rocky 
Mountam National Park This was Canada’s first 
national park Since that date the park boundaries 
have been altered several times, and the name has 
been changed to Banff National Park The present 
area of the park ıs 2,585 square mules It stretches 
for 210 mules along the eastern flank of the Rocky 
Mountan from latitude 50° 45’ to 52° 45° N The 
western boundary is the contmental divide Six 
mam mountain ranges, the axes of which he north- 
west-south-east, are contamed in the park <A 
survey of the mammals of the extensive area has 
been made by A W Banfield, who describes 17 
species in the Cordilleran fauna, 11 m the Boreal 
fauna, 7 m the Prae fauna, 1 species in the Tundra 
fauna, and 18 of uncertam affinities (Nat Mus 
Canada, Bull 159, Biol Ser, 57? 


The Ophitron 
THE GENERAL Execrric Co , Lap , announces that 
a compact microwave-generator embodying a new 
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focusing principle has been developed at its research 
laboratories The valve ıs an electrostatically 
focused backward-wave oscillator which has been 
named the ‘Ophitron’, after the Greek ophw, a 
serpent, the word being suggested by the undulating 
path of the electron stream flowmg along the structure 
The most strikmg advantages of the new oscillator 
are 1ts small size (61n long and $m diameter) and low 
weight (7 oz ), and m addition the ‘Ophitron’ system 
has been designed to be sumple to construct and to 
operate A single stamped-out periodic structure 
and two flat focusmg plates form the propagating 
path for the radio-frequency wave, and set up the 
periodic electrostatic field which focuses the electron 
beam The system has the fundamental advantage 
that the crests of the undulating electron beam are 
brought into the region of maximum radio-frequency 
field This feature gives good coupling between beam 
and wave, and leads to greater bandwidth than 1s 
obtamed with the equivalent magnetically focused 
backward-wave oscillator The present ‘Ophitron’ 
tunes electronically over at least a 40 per cent band 
in the 10,000 Me /s region A range of such valves 
is envisaged, covermg most important centimetre 
wave-length bands It 1s expected that the noise 
performance will be better than that of magnetically 
focused backward-wave oscillators due to the ion 
dramage from the electron beam mherent in the 
focusing method 


Non-Oxide Glasses 

AnsENIO trisulphide glass 1s well known as a useful 
material m the construction of optical parts trans- 
mrtüng m the mfra-red It suffers from a very low 
softenmg temperature compared with the normal type 
of oxide glass, and so far there 1s very little promise of 
harder glasses being prepared with sulphur or selenium 
asthe anion Some of these glasses are semiconductors 
of high resistivity, greater than 10° ohm/cm jem ? 
The Bell Telephone Laboratories have Just announced 
an mgemous application of glasses m this family 
which puts to practical use the low-softening point, 
the property which 1s undesired m the other present 
uses Glasses composed of varymg proportions of 
sulphur or selenum with arseme and thallium 
become very fluid at temperatures between 125° C 
and 350°C In this temperature-range the viscosities 
of the various glasses approximate to that of castor 
oil at room temperature These materials have been 
found to be eminently suitable for coating small 
electronic devices by dipping into the castor oil-like 
hqud At room temperature the materials are 
typically glass-like solids mert chemically to most 
reagonts except concentrated alkalis Several com- 
positions are said to resist oxidation in air to above 
250° C Initial experiments 1n coating semiconductor 
devices have shown considerable promise 


Joseph P Kennedy, Jr. Memorial Foundation 


A arT of one million dollars has been made by 
the Joseph P Kennedy, Jr Memorial Foundation 
for the establishment of the Joseph P Kennedy, Jr 
Laboratories for research on mental retardation, at 
the Massachusetts General Hospital One half of this 
gonerous gift will be spent on the construction of 
these Laboratories and the other half will serve as an 
endowment to provide contmuing operatmg funds 
This 1s the first of the endowed scientific researchships 
planned under the 1961 programme in observance of 
the 150th anniversary of the Massachusetts General 
Hospital 
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Royal Society Research Appointments 


Dr J S GILLESPIE, of the Department of Physiol- 
ogy, University of Glasgow, has been appointed the 
first Sophie Fricke Royal Society research fellow m 
the Rockefeller Institute, where he will work on mtra- 
cellular recording from mnervated smooth muscle 
This appointment 1s a new post which has been estab- 
lished by the Rockefeller Institute from funds left to 
the Institute by the late Miss Sophie D Fricke of New 
York City, who died on March 1, 1958 The trustees 
of the Rockefeller Institute have authorized use of 
the income from the fund for the triple purposes of 
fostering mternational understanding, tramıng scien- 
tists of exceptional promise and supporting significant 
research It is the intention of the Rockefeller 
Institute to appoint four research fellows each year, 
from France, Denmark, Sweden and the United 
Kangdom, the selection bemg made by the French 
Academy of Sciences, the Royal Damsh Academy of 
Sciences and Letters, the Swedish Royal Academy of 
Sciences and the Royal Society 

A Locke research fellowship has been awarded to 
Dr B G Cragg, of the Department of Anatomy, 
University College, London, to work at University 
College, London, on the connexion and physiological 
functions of certam nucle: ın the bram — Stothert 
research fellowships have been awarded to Mr W D 
Butt, of the Department of Biological Chemustry, 
University of Aberdeen, to work at the Molteno 
Institute of Biology and Parasitology, University 
of Cambridge, on intracellular hemoprotein com- 
pounds, to Mr R A Webster, of the Department of 
Pharmaeology, University College, London, to work 
at University College, London, on the pharmacology 
of tetanus, and to Mr J A Hunt, of Peterhouse, 
Cambridge, to work on the chemical structure of 
proteins 


Leopoldina Academy New Members 


Ir ıs announced that the followmg, with others, 
have been elected members of the German Leopoldina 
Academy of Natural Sciences, Halle Mathematics 
Section, Profs Herbert C Grotzsch (Halle) and Hans 
Schubert (Halle), Physics Section, Prof Otto 
Kratky (Graz), Geophysics and Meteorology Section, 
Prof Erik Herbert Palmén (Helsmk1), Chemistry 
Section, Profs Gunther Ruienacker (Berlin) and 
Wilhelm Treibs (Leipzig), Botany Section, Profs 
James Bonner (Calif), Wilham O James (London) 
and P Maheshwari (Delhi), Zoology Section, Profs 
A W Iwanow (Leningrad), E N  Pawlowsky 
(Leningrad) and Fritz Peus (Berlm) , and Geography 
Section, Profs Rudolf Kaubler (Halle) and Ernst 
Neef (Leipzig) 


University News London 


Pror W R NrsrETT, director of the Institute of 
Education, University of Leeds, has been appointed 
dean of the University of London Institute of Educa- 
tion with the title of professor of education in the 
University 

The followmg appointments to Univeisity reader- 
ships have been announced Dr D J Anderson 
(physiology 1n relation to dentistry), tenable at Guy's 
Hosprtal Medical School, Dr A Ashmore (experi- 
mental physics), tenable at Queen Mary College , 
Dr F Hobbiger (pharmacology), tenable at Middle- 
sex Hospital Medical School, Dr M B Shapiro 
(psychology), tenable at the Institute of Psychiatry , 
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J W Stewart (hematology), tenable at Middlesex 
Hospital Medical School, Dr D F Cheesman 
(biochemistry), m respect of his post at Bedford 
College, Dr A P Millman (mming geology), m 
respect of his post at the Imperial College of Science 
and Technology 


Southampton 


THe University has conferred upon Prof P Ford, 
professor and dean of economics, who is retiring on 
September 30, the title of professor emeritus Prof 
Ford will formally open the newly completed buildmg 
for the Faculty of Economics and the Ford Collection 
of Parliamentary Papers on October 14 M1 R G 
Woods, of the University Library, Cambridge, has 
been appomted deputy libiarian The title of senior 
lecturer has been conferred upon Dr G W A 
Fowles (Chemistry), Dr J P Jones (Aeronautical 
Engimeering) and Dr R A Pelham (Geography). 
The following lectureships are also announced: 
Dr A N Clements (physiology and biochemistry) ; 
Dr J Heading (applied mathematics), Mr R W 
Page (mechanical engineermg), Dr J R Rydzew- 
ski (cıvıl engineermg), Dr R G Scurlock (physics) , 
Dr E V Vernon (electronics) 


Announcements 


Mr J B ADAMS, at present director of the 
Proton-Synchrotron Group of the European Council 
for Nuclear Research near Geneva, has been appointed 
director of a new establishment to deal with controlled 
thermonuclear research The work ın this field now 
being done at Harwell, and some of the work 
now bemg done at the Atomic Weapons Research 
Establishment, Aldermaston, will be moved to 
this new establishment when its site has been 
chosen 


Tue Elmer A Sperry Award "foi outstandmg 
achievement m the field of transportation” will be 
presented in 1959 to the de Havilland Aircraft Co, 
Ltd, the creators of the world’s first jet passenger 
transport, the British-built Comet Formal presen- 
tation of the award will take place in New York later 
this year at a jomt meeting of the Institute of the 
Aeronautical Sciences and the Royal Aeronautical 
Society The award is sponsored by four engmeermg 
societies the American Society of Mechanical 
Engineers, the American Institute of Electrical 
Engineers, the Society of Automotive Engineers and 
the Society of Naval Architects and Marme 
Engineers 


AN international symposium on Algology will be 
held at the Indian Agricultural Research Institute, 
Pusa, New Delhi, during December 7-12, under the 
jomt sponsorship of the Indian Council of Agrı- 
cultural Research and Unesco Mam topics which 
will be discussed are nitrogen-fixing algae, edible 
algae and their mass culture Further information 
can be obtamed from the Unesco South Asia Science 
Co-operation Office, 21 Curzon Road, New Delhi, 
India 


EnRATUM With reference to the communication 
entitled “A New Method for working up Processing 
Mixtures contammg Anhydrous Alummium Chloride? 
(Nature, July 11, p 117) Dr T zéll states 
that a mistake was made m preparmg the English 
translation col 2, line 1, for *20 ml" read “25 
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CRYSTAL 


i bes presentation of the frontie: regions of modern 
physics to an audience with a variable apprecia- 
tion of scientific and mathematical ideas 1s, nevitably, 
a difficult task None the less, ıt 1s one which should 
not be shunned, unless we are inclined to assume the 
semantic barrier to be umpassable between the pure 
scientist and the educated pubhe In the realm of 
crystal physics with 1ts many facets, the choice of 
electron-states m crystals as a topic for a discussion 
by Section A (Physics) of the British Association at 
the recent meeting m York, did not mmimuze the 
difficulties of communication However, in the first 
lecture of the session, I attempted to wean the 
audience from a ‘billiard ball’ conception of atomic 
particles and, with little more than de Broglie’s 
hypothesis and the Bragg reflexion law to assist me, 
to carry them mto the mysteries of the energy-band 
theory of solids It was not too difficult to begin a 
discussion, of the wave behaviour of electrons in the 
ordered periodic-field of a crystal lattice, but the 
going became somewhat harder when the unavoid- 
able mtroduction of wave vector space occurred 
However, the vagaries of the effective electron mass 
were a little better appreciated by adding the visual 
aid of a bubble ın a spirit-level as an analogy of the 
positive hole It was mevitable that such treatment 
by analogy involved a considerable loss of rigour, 
but to me it proved to be a valuable exercise m 
transmitting the important results of the wave 
mechanical theory of solids without recourse to the 
mathematical buiding-materials allowable to the 
postgraduate seminar room 

The niceties of the band theory for electrons in a 
perfect crystal were soon disturbed by the reversion 
to practical situations The next phase of the lecture 
dealt with the various crystal imperfections, their 
effect on electron and hole behaviour and their 
importanee in semiconductor electronics Again, 
treatmg the matter non-rigorously in terms of simple 
electrostatic forces, brings the problem of donor- and 
acceptor-levels and types of lattice vacancies into a 
relatively famihar perspective, and in this instance 
introduced some of the ideas to be used ın the follow- 
ing lecture given by Dr V Hesketh 

Many of the mportant foundations of both experi- 
mental and theoretical solid-state physics were laid 
by the pioneer work of Prof R W Pohl and his 
research school m Gottmgen usmg the simplest 
of crystals, the ionic alkali halides For an audience 
raised by this stage of the proceedings mto the ‘thin 
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but bracing ai of wave mechanics, the appearance 
m a place of honour among beautifully coloured 
single-crystals of a familiar packet of common table- 
salt provided a ‘down to earth’ relief The theme of 
Dr Hesketh’s lecture was the alkali halide crystal as 
a model solid for investigation Such a claim appears 
to have been justified by the subsequent discussion 
Optical, electrical and other studies provide some of 
the most certam evidence on the nature of lattice. 
vacancies, single or in aggregation, m solid-state 
physrs to-day An important feature of this talk 
was the lmk which ıt indicated between such elec- 
tronic investigations and those concerned with 
mechanical properties and the role of dislocations m 
crystals A connexion with another interest of 
Section A, magnetism, was in evidence in the para- 
magnetic-resonance studies of alkali halides From 
the general discussion which followed the lecture 
there was a hint that a ‘North eye’ was bemg turned 
towards dislocations by those, like Prof L F Bates, 
who follow the motion of magnetic domains It 
was a pity that there was no opportunity to demon- 
strate other hnks which are rapidly bemg forged 
between different branches of solid-state physics and 
those under examination 

If one mught, 1n conclusion, offer an overall umpres- 
sion of this session m the proceedings of Section A 
at the York meeting, it 1s that the conditions of 
limited time and contact of the meetings have a very 
stultifyimg effect on any attempt to make an effective 
contribution to the communication of new physical 
concepts to a wider audience of educated people On 
this occasion, 1n spite of the central position occupied 
by wave-mechanical ideas in the session, 16 was not a 
mathematical but a time barrier which blocked the 
transmission of information Perhaps this will be 
borne 1n mind by the Association in framing a now 
position for itself as a most mportant medium for 
translation as well as transmission of scientific 
information From my own limited experience, there 
is no doubt that courses extended over the year, 
making use of the facilities offered by extra-mural 
departments of the universities and similar organiza- 
tions for further education, would provide a means 
of digestion for the strong meat of modern physics 
As a corollary, the lecturer must bend his rigour of 
thought to breakmg pomt so that he may admit 
famihar, though inadequate, analogies as carriers 
across the semantic obstacles 

G F J GARLICK 


SCIENCE BY THE UPPER FORM 


N innovation of Section X. (Assembly of Cor- 

responding Societies) of the British. Association, 
whereby a selected panel of young scientists of 
sixth-form status are able to present short papers 
on projects with which each has been connected, 
was contmued for the fifth successive year at the 
York meeting of the Association This year there were 
five speakers drawn from Yorkshire schools, each one 
representing a school team engaged on the acquisition 


of scientific knowledge in the field, under competent 
leadership 

Ampleforth College, York, led the way with a paper 
by M L M Wright on “Physiography and Scenery 
of the Isle of Eigg”, excellently illustrated by colour 
shdes showing the rugged grandeur of an isolated 
area along the western Scottish coast of only some 
twelve square miles m extent Life ıs hard for the 
humans living there, and precarious for plant and 
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animal life, dictated by Nature over countless years 
The object of the expedition was to study the ifluence 
of land formation and climatic conditions on the 
vegetation of the island, even to an investigation 
of soil-salt content, which was found to vary con- 
siderably at different levels, the highest percentage 
of salt bemg at 500 ft, with dimmishmg amounts 
down to sea-level Members of the party collected 
some 250 species of plant hfe, but no new records 
were discovered Further work in the area is to be 
undertaken. 

In a joint effort, the two speakers who followed 
(A N P Butland and P A Crossley, of St Peter's 
School, York) dealt with “Some Scientific Aspects 
of the River Ouse", the former confinmg himself to 
the work of the analytical chemist m connexion with 
water supply , a work in which he had taken part 
Methods adopted in order to detect any possible 
contamination were described, and the results 
obtamed at various points were given, from which 
ib was apparent that the purity of Ouse water 1s well 
safeguarded 

P A Crossley concerned himself with ‘foamimg’ 
m rivers and canals, a natural phenomenon the reason 
for which was explained, but m these days very much 
accentuated by the growing use of detergents The 
River Don was said to foam much more than the 
Ouse, the Trent shghtly less Excellent slides were 
shown to illustrate foammg along these rivers, with 
graphs to present results of investigations made 
Each speaker presented an mteresting picture of 
problems mvolved 

“The Sedges of Askham Bog" formed the subject 
of Shaun Firth's paper, excellently illustrated by 
colour slides The area investigated 1s well known 
to naturalists and close to York It carries a variety 
of sedges but, so far as the speaker knew, no systematic 
study of them had been carried out, terest having 
ranged only around the rarer species, such as the 
handsome Carex appropwquata In consequence a 
group of boys from Bootham School, York, including 
the speaker, undertook to remedy the omission 
The aim was to compile a full list of species and, if 
possible, “to account for the presence and perform- 
ance” of the sedges “We are aware,” remarked the 
speaker, “we have come nowhere near an exhaustive 
treatment of the subject what made our study 
of the sedges so enjoyable was the fact that new data 
came to light with practically every visit to the Bog, 
to upset our rashly formed theories and force us to 
observe further and thmk again" So this, ıt would 
seem, 1s but the mtroduction to a hitherto neglected 
subject 

The Bar Convent Grammar School, York, was well 
represented by Nancy G Proctor, who, afte: only 


THE MUSEUMS 


HE sixty-fifth annual conference of the Museums 
Association was held at Worthing durmg June 
15-19 The proceedmgs opened with an informal 
reception in the entirely re-organized Museum and 
Art Gallery and members were particularly interested 
in the additional accommodation provided by à new 
gallery, laboratory, workshop and storage space 
The Conference continued on the followmg day 
with an official welcome from the Mayor, Councillor 
Horace W Bradley This meeting, as the others, was 
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eighteen months residence m the City, has absorbed 
much of its history, having received an introduction 
by becoming an assistant to Mr Wenham, history 
master of St John’s College, York, who is carrying 
out an excavation under the ægıs of the two local 
archeological societies Thus Miss Proctor has m a 
short time been able to increase her knowledge of 
Roman antiquities, and to add this to her main 
interest m the archzological field which embraces the 
works of prehistoric man, in particular the study of 
promontory forts Her work in York, even of so short 
a period, enabled her to trace the City’s growth from 
the time when there was only an "insignificant 
wooden fort founded on the ste m 70 AD", 
and to describe graphically recent investigations 
which she and members of her school have under- 
taken 

Another well-known Yorkshire educational estab- 
lishment supphed both speaker and illustrator for the 
final paper, “The Seasonal Rhythm and Behaviour 
of the Birds of Bempton Cliffs’, the former in the 
person of Eileen Burton, and the latter Joanne 
Lattlefair, pupils of the High School for Gurls, Brid- 
hngton A bird-watchig group visited Bempton 
at weekly, or twice-weekly, mtervals during the year, 
where along an eight hundred feet stretch of the high- 
est chff, members studied the seasonal variation of 
population and the behaviour of six species of nesting 
seabirds—kittrwake and herring gulls, gannet, guille- 
mot, razorbill and fulmar petrel The date of the 
arrival of each species was carefully noted, together 
with time of egg laying and hatchmg, and departure 
A count made along 200 ft of the chff showed the 
kittiwake to be the commonest species present during 
May (915), followed by guillemot (543), razorbill (18), 
fulmar (15), gannet (13), and herrmg gull (5) Five 
gannet chicks were hatched and reared in 1959, and 
as a pair of this species nested on a new ledge there 
would appear to be hope for an extension of the 
nesting area, which is the solitary British mainland 
station, all others bemg found on islands A study 
was made of bird display at various times, methods 
adopted durmg time of incubation, and of the 
feeding of young, which gave Miss Lattlefar an 
opportunity of produemg drawings of remarkable 
quality, which were used to illustrate the talk m 
wall-charb form 

The Countess of Albemarle, president of Section X, 
occupied the chair throughout the meeting and ın her 
closmg remarks complimented the sixth-formers on 
their powers of observation, method of presentation 
and keenness ın the respective tasks undertaken, 
a tribute not only to the young people but to 
their teachers and leaders as well 

J A S STENDALL 


ASSOCIATION 


held in the spacious and attractive rooms of the 
Assembly Hall placed at the disposal of the Con- 
ference by the Corporation of Worthing 

Dr W E Swimton, British Museum (Natural 
Füstory) m his presidential address, after outhnmg 
tho early struggles of the Association, emphasized the 
value of television and urged both museums and art 
galleries to use 16 extensively It was, he said, the 
acceptable medium of to-day, ‘easy, lazy but direct’ 
There was abundant evidence that already ıt had 
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attracted people to visit museums and see the actual 
objects Dr Swinton emphasized the close relation 
between science and the arts and stated that whereas 
thirty years ago they were pleading for more science 
in museums, which were then chiefly artistic, in this 
scientific age there was some need for a reversal of 
the process 

The main subject of the Conference was museums 
and finance, mtroduced by Lord Rosse, chairman 
of the Standmg Commussion on Museums and Art 
Galleries After recalling the increase of grants from 
the government which had recently taken place, he 
emphasized particularly the need for more staff in 
museums ‘The present shortage of staff was both 
absolute, because there were not enough qualified 
people, and comparative, because museum rates of 
pay were not competitive with comparable profes- 
sions He felt that museums should not depend too 
much on the Exchequer but that local authorities 
and others should do their share Dr Barnett Stross 
hoped that curators would use the inereased grant of 
£15,000 made available through the Victoria and 
Albert Museum He felt that the chief needs of the 
museum movement were for staff of high status with 
adequate pay, a high standard of conservation and 
for more realistie purchase grants Sir Hamilton 
Kerr thought that two stages were necessary, an 
immediate first aid operation and secondly an expert 
committee to consider all the problems confronting 
museums in Britain Sir George Dyson outlmed the 
help that the Carnegie United Kingdom Trust had 
given to museums over the past thirty years, and 
Sir Phihp Hendy gave some strikmg facts of the 
magnitude of the loss suffered by the decay of private 
patronage since 1914 Sw John Hobhouse outlined 
the initial steps taken by the newly formed South- 
West Regional Council, and Mr E M Hutchinson, 
National Institute of Adult Education, was anxious 
that local authorities should use to the fullest extent 
the power to raise money that has already been 
vested in them 
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Ai the close of the discussion resolutions were 
passed endorsing the recommendations of the Stand- 
mg Commission relating to tax relefs on gifts and 
bequests which should be made apphcable to all 
museums, urging the Standmg Commission to form 
a Joint committee with the Museums Association to 
advise on all professional matters and requesting the 
Jomt Committee on Government Assistance to make 
a survey of existing conditions m museums and art 
galleries 

In a discussion on the country house and the 
museum, Mr R Romily Fedden, secretary of the 
Historic Buildings Committee of the National Trust, 
emphasized that the great country house with its 
contents formed a lvmg organism, and stated that 
the trust had close relations for expert advice and 
so on with museums Lord Methuen suggested that 
the Government might take over some of the empty 
great houses not too far from London and use them 
for showmg secondary pictures from the National 
Gallery He also advocated the co-operation of 
persons with specialized knowledge on local authority 
committees Mr Philip James, director of Waddes- 
don Manor, stated that the crux of the problem for 
using furnished country houses as museums was 
how to get as many people as possible round the 
house without destroying its atmosphere as a home 

At the annual general meeting Dr W E Swinton 
was re-elected president, Mr G L Conran was 
elected secretary and Sr John Rothenstem, editor 
Mr Charles Carter (Aberdeen), Mr R R Clarke 
(Norwich), Dr D Dilwyn John (Cardiff) and Dr Mary 
Woodall (Birmingham) were the newly elected profes- 
sional councillors and Sir Hamulton Kerr, the Institu- 
tional councillor The Earl of Rosse and Dr D B 
Harden were appomted as additional vice-presidents 
It was decided to hold the 1960 Conference at 
Stoke-on-Trent durmg July 4-9 

The concluding day was devoted to field meetings 
to inspect the historic and archeological wealth of 


Sussex 


THE INTERNATIONAL VETERINARY CONGRESS 


HE sixteenth International Vetermary Congress, 
held ın Madnd during May 21-27, was attended 
by nearly 2,000 members of the vetermary profession 
from all continents, meluding official delegates from 
fifty-two countries and more than one hundred from 
the United Kingdom ‘The Congress, under the 
patronage of the members of the Spanish Govern- 
ment, enjoyed the hospitality of the University of 
Madrid The inaugural general assembly and plenary 
session meetings took place in the large hall of the 
new and magnificent buildmg of the Faculty of Law 
The variety of the papers—about 400 in all—pre- 
sented durmg the Congress was very great They 
were concerned with physiology, nutrition, pathology, 
publie health aspects of anrmal diseases, food products 
and veterinary education A balanced review 1s not 
practicable here, but a few papers of greater general 
interest and a few more interesting papers presented 
by British delegations can be mentioned 
As a result of the extensive public interest and 
concern there has been considerable research and 
investigation into contamination of the Earth's 
surface with radioactivity, and its subsequent effect 


on faim animals, as well as on man and human food 
of animal origin It has been found that an extremely 
heavy environmental contamination with fission 
products would be necessary to produce any sig- 
nificant damage as a result of external exposure of 
faim animals to B- or y-rays The radiation exposure 
of farm animals from grazing ın contamunated areas 
presents no significant hazard to the animals, except 
perhaps in localities very close to test sites Cows 
contammated with radionuclides may become a 
potential hazard to man through milk, m which they 
are secreted in more significant quantities than m 
any other animal food product Papers on this 
problem were presented by American, German, Dutch 
and Swedish workers It was generally agreed that 
in order to be able to appraise continually the effects 
of fall-out from atomic-weapon tests, and of the 
discharge into air and water of waste from all plants 
where nuclear energy is produced and applied, it 1s 
necessary to make regular measurements of the radio- 
activity present in soil, water, am and food 

A role of the vetermary profession which has not 
yet been fully exploited ıs that concerning public 
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health, and particularly the problem of diseases 
which are transmissible from animals to man Nearly 
one hundred diseases are known to be so trans- 
mussible, and additional ones are still bemg found 
Some of these diseases are transmitted by direct 
contact of man with hve animals, others are trans- 
mitted indirectly to people through the consumption 
of milk, eggs or meat Diseases transmitted from 
animals to man are defined as ‘zoonoses’ At present 
there are many international groups or agencies that 
are concerned with the control of the zoonotic 
diseases, but still closer collaboration ıs necessary 
between the medical and the veterinary professions 
in protecting man from zoonoses 

One subject which has not before been discussed 
was that of blood groups of domestic anmmals In 
dogs, six distinct blood group factors are recognized 

As ıs the case with newly born babies, it 1s 
possible for newly born foals and pigs to die from 
hemolytic disease, which 1s a pathological condition 
resulting from the union of maternal antibodies with 
blood-group factors of the red cells of the foetus 

There were several interesting contributions from 
Great Britam Workers at the Research Institute 
for Animal Virus Diseases (Pirbright) reported new 
knowledge on lrving attenuated vaccines which gives 
hope of a method of combatmg foot-and-mouth 
disease ın countries where 1t 1s widely spread Foot- 
and-mouth disease is one of the most serious viral 
diseases affecting cattle in nearly every country of 
the world 

Workers of the Glasgow Veterinary School have 
reported successful trials with a vaccine produced 
agaist lung-worm infection, which causes great losses 
m cattle and sheep, Immunological basic work con- 
cerning parasites was reported by workers from Cam- 
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biidge They also demonstrated a correlation between 
unmunity and chemotherapy From the Cambridge 
Vetermary School there also came an important 
paper classifying respiratory diseases m poultry 

A paper on the international standardization of 
vetermary biological products was delivered by the 
director of the Vetermary Laboratory of the Mimstry 
of Agriculture and Fisheries 

At a charmimg ceremony during the Congress the 
president of the Royal College of Veterinary Surgeons 
presented honorary associateships, awards usually 
made durmg the Congress, to five emunent foreign 
veterinary scientists 

The Spanish people were the most hospitable hosts 
and, m addition to the well-organized scientific sıte 
of the Congress, they had prepared a very full pro- 
gramme of evening 1eceptions and other social func- 
tions that were greatly enjoyed and appreciated by 
the members of the Congress At the closing general 
session of the Congress an invitation conveyed by the 
German delegation to hold the seventeenth Inter- 
national Congress m Hanover, in order to celebrate 
there the centenary of the Congress which first 
started 1n Germany, was received with acclamation 
The first International Congress on animal diseases 
was held in Hamburg in 1863 It was initiated by 
an English veterinary surgeon, Prof John Gamgee 
The principal subjects of discussion durmg the fist 
congress were rinderpest, also called cattle plague, 
contagious pleuropneumonia of cattle and sheep pox 
All these diseases ceased to exist in Britain many 
years ago 

The vetermary profession combating many devas- 
tating diseases of anmmals plays an important part, 
not only in the improvement of the health of animals, 
but also the health of man M A Sorrys 


PLANT GROWTH REGULATION 


HE fourth International Conference on Plant 
Growth Regulation was held at the Boyce 
Thompson Institute for Plant Research, Yonkers, 
New York, during August 10-14 The Conference was 
sponsored jointly by the Institute and by the New 
York Botanical Garden and the Brooklyn Botanic 
Garden The programme was co-ordinated with the 
mnth International Botanical Congress held in 
Montreal, Canada, durmg August 19-29 
The Conference was attended by many imvited 
participants from seventeen countries The United 
Kingdom was represented by sixteen participants 
The iast conference was held at Wye College (England) 
in 1955, and before that conferences were held at 
the University of Wisconsin in 1949 and in Paris 
under the auspices of the League of Nations ın 1937 
The first day of the Conference was devoted to 
naturally occurring growth substances, the second to 
the gibberellins, the third to the synthetic auxins, 
and the fourth to other plant growth substances 
Chairmen of the various sessions included, Prof 
K V Thimann (Cambridge, Mass ), Dr H Burstrom 
(Lund, Sweden), Dr P W Brian (Welwyn, England), 
Prof F Lona (Parma, Italy), Prof R L Wam (Wye, 
England), Dr J Henderson (Tuskegee, Alabama), 
Dr P E Piet (Lausanne, Switzerland) and Dr J 
van Overbeek (Modesta, California) Major evening 
addresses were given by Dr Wilham J Robbins, 


director emeritus of the New York Botanical Garden, 
on the ‘“Expanding Concepts of Plant Growth Regula- 
tion”, and by Dr James Bonner (California Institute 
of Technology) on the “Probable Future of ‘Auxin- 
ology’ PRI 

In addition to the scheduled papers ample time was 
provided for discussion The papers presented and 
the discussion remarks will be published in book 
form by the Towa State College Press in May 1960 
Copies will be sent to each participant and will be 
available to others at nominal cost 

Among the new advances reported at the Con- 
ference was the isolation of a new class of auxins 
from Maryland Mammoth tobacco by Dr D G 
Crosby (Union Carbide Chemicals, South Charleston, 
West Virginia) and Dr A J Vhtos (Carom, Ltd, 
Trinidad, formerly at the Boyce Thompson Institute) 
About 10 mgm of active chemicals were obtamed 
from a ton of tobacco leaves and growing tips One 
of the chemicals was identified as 1-docosanol and 
the other as a long-chain fatty acid not yet fully 
characterized Bruce Stowe (Harvard) also presented 
results showmg the growth-promoting activity of 
long-chain aliphatic compounds 

Prof T A Bennet-Clark (University of London) 
reported on the effect of gravity on the distribution 
of auxins The metabolism of indole auxms ın plants 
was discussed by C H Fawcett, R L Wain and 
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F R Wightman of Wye College The isolation of a 
new acid from coconut milk which gives about half 
the stimulation produced by whole milk was reported 
by L H Wemstem, L G Nickell and W J Tulecke 
(Boyce Thompson Institute and Chas Pfizer) 

New concepts on the relation between structure 
and auxm activity with special reference to the 
requirements for reactions with necessary bmdmg 
sites were discussed m separate papers by Prof 
K V Thmann and Dr J van Overbeek Some 
physical chemical aspects of synthetic auxms with 
respect to them mode of action were presented by 
Prof V Freed (Oregon) 

This was the first international conference m which 
the gibberelhns were discussed The Japanese 
scientists who carried out some of the early work 
with the gibberellins, T Hayashi, J Kato and Yusuke 
Sumiki, were on hand to present their most recent 
results Dr P W Bran (Imperial Chemical Indus- 
tries, Welwyn), who was & pioneer in directing the 
attention of the Western world to the Japanese 
discoveries and who has been very active in this 
field, reported on new developments from his lab- 
oratory Evidence showing the probable widespread 
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occurrence of gibberellin-like substances m higher 
plants was presented by C A West (University of 
California) 

A feature of the Conference was a memorial dinner 
to the late P W Zimmerman (Boyce Thompson 
Institute), who with his associate A E Hitchcock 
first tested 2,4-D for its effect on plant growth and 
development Other chemicals first tested in his 
laboratory include mdolebutyi1c acid and I-naph- 
thaleneacetic acid as well as a variety of substituted 
derrvatives of benzoic acid and various substituted 
aryloxyacetic acids P W Zimmerman was origin- 
ally a member of the organizing commuttee for this 
Conference but became ill while on a busmess trip 
and died m August 1958 at the age of seventy-four 

Fmancial support for the Conference was given 
by the Rockefeller Foundation, the National Science 
Foundation, and fifteen industrial companies in- 
terested in agricultural chemicals George L McNew, 
managing director of the Boyce Thompson Institute, 
was chairman of the Organizing Committee for the 
Conference A J Vhtos was secretary of the Organiz- 
ing Committee and chairman of the Programme 
Committee Lawrence P MILER 


THE BRITISH RAYON RESEARCH ASSOCIATION 
OPEN DAYS 


HE British Rayon Research Association held 
the fourth of its annual open days durmg 
May 6-8 The total attendance was 900—1,000, a 


The recent work on the alkaline degradation of 
cellulose has considerably strengthened the con- 
clusions on the mechanism put forward previously 








marked increase on the two previous years in- This mechanism can be summarized in the following 
couraged by the favourable reception last year, the 1eaction sequence 

senior chemist and senior physicist 

agam gave short lectures, after CHO CH,OH CH,OH COOH 

lunch on each day, ilustiating | les. | | 

the relevance of the basic re- H—C—OH co co C(OH) CH,OH 
search to current problems in | | o | 

the textile industry Instead of HO—C—H HO x ids id CH, 
endeavouring to demonstrate all 

the work d the Association, a n—d_o (G)j, = H—C—O—(@),-—+ CH, — bon 
lmited number of current 1e- a acon at on molon ba, om 
searches on topical problems were | 

illustrated. rather more fully than CH,OH Usos bo 

usual, and ıt 1s beheved that this s (I) 

approadhi may haye poen, in Cellulose + HO—(G),  1sosaecharimie acid 


part at least, responsible for the 
very high attendance Two aspects 
of the work, namely, that on fluid beds' and that 
on vibration problems in spinning machinery, were 
not exhibited because of the desire not to inter- 
rupt this work at a critical stage of evaluation 

Durmg the past year the research programme of 
the Association has been critically reviewed par- 
ticularly in view of the improvements required in 
the finishing of fabiics constructed from continuous 
filament viscose and acetate yarns to enable them 
to compete with resin-treated cotton fabrics The 
emphasis on this work has led to a reduction m work 
on dyeing and on the photo-sensitized oxidation of 
cellulose and to the termmation of the work on the 
alkahne degradation of cellulose Concurrently with 
this, more attention 1s bemg given to research on 
the mechanical properties of textile fibres and to 
the study of the fine structure of crystallme polymers 
with the object of defining parameters which will 
characterize these polymers 


The intermediate (I) has now been isolated and its 
structure proved The alkaline rearrangement of (I) 
1s specifically catalysed by calcium and m lime water 
an almost theoretical yield of the isosaccharime acid 
1s obtamed The complex mixture of acids obtained 
with sodium hydroxide from this intermediate under 
the hot alkali-refinmg conditions used ın purification 
of wood pulp is very simular, qualitatively and 
quantitatively, to that obtamed from cellulose under 
the same conditions 

A considerable part of the resources of the Associa- 
tion are now directed to obtaming an understanding 
of the structure of textile fibres and attempting to 
correlate these with ther physical, and particularly 
their mechanical, properties On the chemical side 
a systematic study of the effect of known numbeis 
of specific cross-links in cellulose and of substituents 
1n specific regions, namely, crystalline or amorphous, 
of the cellulose on the mechanical properties has been 
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in progress durmg the past year The study of the 
formation of structure m solution-precipitated poly- 
mets 1s still m progress, but the first system examined, 
cellulose triacetate ın chloroform, has been iejected 
Polydecamethylene terephthalate in benzophenone 
appears to be a more suitable system Further work 
on the fine structure of cellulose has established that 
the mucrofibrillar structures observed in ‘“Tenasco’ 
and ‘Fortisan’ materials are not artefacts but are 
structural features of these matenals Their sig- 
nificance with regard to the physical properties 
of these materials has not, however, been estab- 
lished 

The determination of the amount of crystalline 
material m any crystallme polymer iequires special 
consideration for each case In the case of the de- 
termination of crystallinity m cellulose by X-ray 
methods the problem is to obtain the shape of the 
scattering of the amorphous component m which 
there 1s considerable oiientation, as there is always 
considerable overlap with the crystalhne reflexions 
An independent assessment of the shape of the 
amorphous scattering curve is bemg made by com- 
parmg the information which can be extracted from 
the X-ray diagrams of highly oriented rayon fibres 
with the entirely ‘amorphous scattering’ of freeze- 
dried cellotetraose, and of ball-milled viscose and 
native cellulose fibres (It 1s well established that 
ball milling will completely destroy the ciystalline 
structure) A study, by narrow-beam X-ray and 
othe: techniques, of the nature of spherulites in 
nylon and of thew effect on the mechanical properties 
of this material has been started 

It is difficult to find a new approach to under- 
standing the mechanical behaviour of textile fibies 
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A textile fibre 1s essentially a uniaxial solid and most 
measirements on. stress/strain ielations aie referred 
to this axıs In many applications, for example the 
evaluation of the stress system m a yarn, the be- 
haviow of the fibre m a direction perpendicular to 
this axis may be of equal importance The mechanical 
behaviour of an elastic sohd with axial symmetry 
should be completely characterized, withm the region 
of small strains, by five constants An attempt is 
bemg made to measure these constants on polymer 
films, which are more amenable to such measure- 
ments than fibres, and to study them dependence 
on orientation. 

The main emphasis in the Technological Department 
has been, and will continue to be, on quality In 
continuous filament yarns, periodic over-straining 
caused by madequate contiol of tension in winding 
processes can cause a variety of faults 1n cloth which 
often appear markedly only after dyemg Instru- 
ments have been developed for measuring processing 
tensions and the properties of filament yarns and 
these are now being marketed This type of work 
has absorbed a large amount of technological effort 
Certam weft-way types of cloth fault which occur 
as ‘shiring’ m continuous filament acetate fabrics and 
as ‘cloudiness’ m low construction nylon and ‘Tery- 
lene’ fabrics appear to be due to frictional effects 
between waip and weft yarns, and consequently, 
in the weaving research, more emphasis 1s bemg placed 
on these fiictional effects 

The number of staff 1s 266 This total 1s made up 
as follows research staff, 90, laboratory and tech- 
nical assistants, 77, engimeermg, diawing office and 
maintenance staff, 59, lbrary and administrative 
staff, 31, canteen staff, 9 L A WISEMAN 


NEW RESEARCH AND PRODUCTION FACILITIES OF 
CIBA (A.R.L.), LIMITED 


EW research laboratories, a new production 
plant and sales office extensions of Ciba (A R L ), 
Limited, at Duxford, Cambridge, were formally 
opened by Dr R Kappel of Ciba, Limited, on 
May 21 durmg the celebration of the twenty-fifth 
anniversary of the establishment of the Company 
The new laboratories are housed in an L-shaped, 
two-storied building of concrete and brick construc- 
tion with lage plate-glass windows giving the 
maximum. internal Jlumination in conformity with 
modern concepts in laboratory construction The 
new building, together with the existing research 
blocks, encloses three sides of lawn and shrub gaiden 
Internally, the use of teak, exposed facmg brick and 
white-pamted surfaces accentuates the functional 
character of the design of the building 
The upper floor of the new building re-houses the 
research and development depaitment, and the space 
thus vacated in the origmal buildings 1s bemg used 
for application and technical service work on wood 
adhesives With the additional laboratory space 
now available in the upper floor of the new block, 
the group of graduate chemists and then technical 
assistants in the research and development depart- 
ment are able to explore more thoroughly the current 
resins marketed by the Company, resins of the epoxy- 
resorcinol, phenol, urea and melamine types The 
work is concerned with the development of resins 


and hardeners for casting and laminating purposes, 
for chrp-board and wood-glue manufacture, as well 
as with specialized applications such as adhesives for 
metal bonding, printed circuits, high-temperature 
performance and a host of other uses The extreme 
variety of the applications to which these classes of 
resins may be put, and the differmg conditions under 
which they are employed, necessitate a contmued 
and intense search for modified and improved chemical 
properties and physical forms An mtegial part of 
the mvestigations undertaken by this umt is the 
testing of these new and modified materials, and the 
upper floor of the new building contains a test room 
well equipped with the necessary machines This 
depaitment maintains a close co-ordination with 
the other departments m. the organization concerned 
with the application of existing products There i5, 
m addition, a lecture room where frequent colloquia 
and lectures are given by scientists from the plastics 
and related industries and by scientists from the 
academic world 

The ground floor of the new buildmg contains the 
laborazories of the newly formed fundamental research 
department, which 1s devoted to the study of the 
synthesis of new plastie substances with improved 
mechanieal and electrical properties and with high- 
temperature and chemical stability The scope of tho 
work is not restiicted to adhesives, but embraces the 
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possible uses of plastics in many fields The new 
group ıs divided into seven teams, each of which 1s 
investigating some distinct aspect of the problem, 
ineludmg the synthesis of new raw matorials and the 
pursuit of new condensation and polymerization 
processes In addition to the usual equipment 
required for this type of work, the department has 
an analytical section where particular emphasis 1s 
given to infra-red and ultra-violet spectrophotometric 
and vapour-phase chromatographic analysis The 
ground floor also contains a central chemical and 
glassware store and a glass-blowmg room, and there 
18 easy access to the library, which has also been 
expanded to meet the increased requirements 

The addition to the research staff at Duxford 
brings the proportion of those employed m laboratories 
on research, application, formulation and quality 
control to twenty per cent of the total staff employed 
It 1s clear that the laboratory work can be greatly 
assisted by the use of modern and automatic equip- 
ment and wherever possible this 1s done, but the 
quality and quantity of these vestigations are stil 
dependent upon the individual skill, knowledge and 
efforts of the scientist and technician, and every new 
field entered necessitates an increase 1n the laboratory 
staff In contrast to this, the factory has repeatedly 
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The new Ciba (A R L ) research laboratories 


been able to inciease the volume of production 
without proportional inereases in the labour force 
employed, and this has been possible only by the 
continuous introduction of fully automatic processes 
An outstanding example of this ıs provided by the 
new plant, which is now in production, for the 
manufacture of epoxy resims—resins based upon the 
condensation of diphenylol propane with epichlor- 
hydrm This plant—although ıt has a working area 
of more than 16,000 square feet, several types of 
reaction vessel and ancillary distillation units with 
miles of prpe work and more than 500 valves—is 
maintamed by only three men per shift and has more 
than five times the capacity of the plant ıt replaces 
In the new plant the equipment has been designed 
with the view of minimizing fire hazards, the 
building itself 1s of concrete and glass with dished 
floors to contam spillages, 1s well ventilated and 
sited away from the tank farm for the inflammable 
solvents used m the process, and also from the 
accompanying control laboratory and switch-house 
These new facilities, continuing the programme of 
expansion of both research and production, demon- 
strate the rapid growth of the dustry and the faith 
of these who have determined this growth from the 
mocest beginnings of the early 1930s R F WEBB 


THE ATOMIC ENERGY AUTHORITY 
REPORT FOR 1958-59 


HE fitth annual report (pp vu+68+4 plates 

London HM Stationery Office, 1959 5s net) 
of the Atomic Energy Authority and the last to be 
issued over Sir Edwin Plowden's signature, who 1s 
bemg succeeded as chairman by Sir Roger Makims 
on January 1, 1960, covers the year ended March 31, 
1959 In that year work started on construction at 
Windseale of the advanced gas-eooled reactor proto- 
type, the last of the four Calder Hall reactors became 
critical on December 8, 1958, the first reactor at 
Chapeleross came into use for generating electricity 
on February 25, 1959, and the Authority’s staff 
increased from 30,341 to 35,260 No final decision 
has been reached regarding the transfer from Harwell 
to Winfrith Heath of the whole of controlled thermo- 
nuclear project The terms of the first contract for 


the supply of fuel for a nuclear power station overseas 
-—the Latina station of Agıp Nucleaie— were nego- 
tiated durmg the year The Industrial Group has 
been divided mto two groups development and 
engineering, under Sir Wilham Cook, and production, 
under Sir Leonard Owen, executive, as well as 
funstional, responsibilty has now been restored to 
the technical members of the Board 

The report reviews briefly progress made durmg the 
past five years in the application of nuclear energy, 
during which the first five large-scale nuclear power 
stations came mto operation besides Calder Hall 
and Chapelcross, the United States 60 MW  pressur- 
ized water reactor power station at Shippmgport, 
the French 30 MW  gas-cooled, graphite-moderated 
reactor power station at Marcoule and the USSR 
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100 MW graphite-moderated, water-cooled reactor 
power station m Siberia In the United Kingdom 
gas-cooled, graphite-moderated reactors developmg 
towards exit gas temperatures of 550°C and 750°C 
promise to lead to higher efficiency and ratings and 
& 30 per cent fall m capital costs of nuclear power 
stations 1s predicted with the development of the 
present mam types The application of radioactive 
isotopes continues to grow, includmg the use m 
industry of control mstruments based on radioactive 
isotopes, such as thickness gauges Total sales of 
radioisotopes and related products rose from £650,000 
to £800,000, the proportion exported remaining at 
about 60 per cent, to 55 countries Plans for the 
extraction of radiocesium from radioactive waste 
are being considered in the United Kingdom and the 
potential output amounts to tens of millions of curies 
per annum In raw materials, developments during 
the year confirmed that the present over-supply of 
uranium 18 likely to persist at least until the late 
1960’s, and the uranium requirements of the free 
world’s current miltary and civil programmes can 
now be met by mines already in production, and it 
seems likely that the forward price of uranium may 
fall below 8 dollars per pound 

Apart from its first aim of ensurmg the successful 
construction and operation of the nuclear power 
stations now under construction for the electricity 
boards, the Authority’s reactor development pro- 
gramme comprises extensive work on the develop- 
ment of more advanced types of reactor, the aim of 
which ıs to provide progiessively cheaper sources of 
nuclear power, and here the achievement of lower 
capital costs is a major objective Efforts are bemg 
made to develop ways of usmg as fuel the plutonium 
that will gradually become available from the 
burnmg of uranium in the early stations Beyond 
the natural uranium reactors two stages of develop- 
ment are envisaged Furst, the advanced gas-cooled 
reactor and the water-modulated reactors seek to 
attam lower capital costs by usmg slightly enriched 
fuel Secondly, the high-temperature gas-cooled 
reactor being developed at Winfrith Heath as a jomt 
project with other member countries of the European 
Nuclear Energy Agency, and the fast breeder reactor 
at Dounreay are characterized by both low capital 
costs and neghgible net fissile fuel consumption 
While the present type of gas-cooled, graphite- 
moderated reactor may command a market overseas 
where large stations are required, the report points 
out that considerable advances in nuclear technology 
will be required before smaller reactors (20-100 MW ) 
become competitive in normal circumstances The 
study of plutonium utilization ın reactors contmued 
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as well as reactor physics studies in several zero 
energy reactors 

The report summarizes further research on con- 
trolled thermonuclear reactions The mam object 
of the present experimental programme on Zeta and 
Sceptre III ıs to discover the reason for the excessive 
loss of energy to the torus walls during the current 
failure Work on smaller-scale gas-discharge devices 
was considerably expanded and some of the formid- 
able technological problems involved m building a 
thermonuclear reactor are bemg studied An Advisory 
Committee under the chairmanship of the Board 
Member for Scientific Research was set up in Decem- 
ber 1958 vo examine and keep under review all 
aspects of the Authority's research programme on 
controlled thermonuclear reactions, to advise the 
Member responsible for research policy on the merits 
of proposals for new work, and to make recom- 
mendations on changes in policy which seem 
necessary Other research and development work 
bemg carried out by the Research Group, the 
Industrial Group and the Weapons Group ıs also 
briefly summarized The first ranges from metallurgy, 
the physics of the solid state to work on particle 
accelerators That of the Industrial Group extends 
far beyond the Group’s laboratories, and extra- 
mural agreements between the Group and univer- 
sities, research associations and mdustry now accounts 
for about a tenth of the Group’s annual expenditure 
on reseaich and development That of the Weapons 
Group 1s illustrated by its examination of soluble 
chelate complexes of the alkalme earth metal ions 
and by its measurements of particle size, including 
use of a centrifugal system to merease the rate of 
sedimentation with the photo-sedimentometer 

Since its establishment in 1958 under the charman- 
ship of Sir Douglas Veale, the committee advising 
the Authority on the supply of specialized health 
and safety staff has had detailed consultations 
with many Government departments, hospitals, 
universities and industry An mterm report to 
the Authority recommended the mitiation of courses 
in radiobiology and radiological physics at selected 
universities and provision of studentships if possible 
for the 1959-60 academic year This recommendation 
has been accepted in principle by the Authority and 
details of the scheme are being worked out 1n collabora- 
tion with the University Grants Committee and the 
Department of Scientific and Industrial Research 
The amount of research and development work con- 
tracted out by the Authority continues to increase 
and more than three hundred professional staff and 
technical staff from mdustry have worked with 
Authority staff durmg the year 


THE INSTITUTE OF PHYSICS 


HE main sections of the thirty-ninth annual 

report of the Board of the Institute of Physics 
for 1958 (Pp 18 London Institute of Physics, 
1959), which was presented to the annual general 
meeting of the Institute on July 7, deal with member- 
ship, examunations, education and publications 
Durmg the year, 851 applications for election or 
transfer to the various grades of membership were 
received The total membership mereased by 415 to 
6,309, with a shght decrease m the number of 
subscribers (430 compared with 453 in 1957), but 


with fairly large mcreases in the associateship and 
student membership grades Seven technical colleges 
which had applicd for recognition as institutions 
possessing courses of study approved for the purpose 
of the membership regulations were visited by repre- 
sentatives of the membership and examinations com- 
muttee and six of the applications were approved 
In addition, the application by the Borough Poly- 
technic, London, for recognition of courses on which 
the Diploma of Technology in physics is awarded 
was granted Twenty-six of the eighty candidates 
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who presented themselves for the examination for 
the graduateship grade of membership were success- 
ful, twelve were university graduates and fourteen 
held the Higher National Certificate ın applied 
physics Forty-one colleges presented 637 candidates 
for the Ordmary National Certificate m applied 
physics and twenty colleges 246 candidates for the 
Higher National Certificate 

A jomt committee of the Institute and the Physical 
Society has been set up to inquire mto the post- 
graduate trammg of physicists and has held dis- 
cussions with university and industrial physicists 
The report on “The Teachıng of Mathematics to 
Physicists”, which was prepared by a jomt committee 
of the Institute and the Mathematical Association 
and published originally ın 1943, ıs now being revised 
The Institute was invited to give its views on the 
subject of grants to students, and the text of the 
memorandum submitted by the Board to the govern- 
mental committee under the chairmanship of Sir Colin 
Anderson was published in the January issue of the 
Institute's Bulletin 

Satisfaction 1s expressed in tho annual report ab 
the standard and increased circulation of the In- 
stitute’s older monthly, the Journal of Scowentfic 
Inst wmenis There was no significant change in the 
eireulation of the other monthly, the British Journal 
of Applied Physics, but both journals suffered a 
further declne m advertisement revenue New 
arrangements for selling advertismg space to become 
effective durmg 1959 and for widenmg the scope and 
content of the Britesh Jow nal of Applied Physics 
have been decided upon A new feature ın the 1958 
British Jounal of Appled Physws was the intro- 
duction, in the June and October issues, of a ‘New 
Books’ section which together contained reviews of 
87 books The type size of the Bulletin was reduced 
for the 1958 volume This resulted m a considerable 
saving in paper, but the 366 text pages, comprising 
twenty-five articles and fifty-two book reviews, etc , 
contained more material than the 404 pages of the 
previous volume 
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The first annual dinner of the Institute was held 
on March 26, 1958, at the Savoy Hotel, London, when 
267 members and guests were present 

The Institute maintams nme branches and seven 
specialist groups ın Great Britam, and two branches 
overseas, m Australia and Malaya respectively The 
activities of these sections are briefly described in 
the annual report, together with extracts from the 
reports of the Board's representatives and nominees 
on jomt and other committees and organizations 
The South Australan Division held the sixth 
Australan instrument exhibition m Adelaide during 
August 19-22, at the same time as the Adelaide 
meeting of the Australia and New Zealand Associa- 
tion foi the Advancement of Science The second 
Einstem Memorial Lecture was delivered in October in 
Adelaide by Prof B J Bok, who took as his subject 
“Stellar Evolution" The London and Home Counties 
Branch held a jomt meeting m March with the 
London Section of the Royal Institute of Chemistry 
on the subject of science and society, and the South- 
Western Branch jomed with the Education Group 
in a three-day conference m Apiil at the University 
of Bristol on ‘‘Physics in Schools" The Electronics 
Group and the Midland Branch collaborated in a 
one-day symposium during April on some applications 
of solid-state physics 1n computers and automation, 
and in September the Group held a two-day confer- 
ence on “Solid-State Memory and Switching Devices” 
at University College, London The Non-Dest1uetive 
Testmg Group held its summer meeting m Paris 
jointly with the Société Francaise de Métallurgie, 
when the subject of discussion was “The Utilization 
of Physical Properties for Studymg Relationships 
between the Constitution Structure and Service 
Behaviour of Metals” 

At the general meeting of the Institute, the follow- 
ing were elected to take office on October 1 President, 
Sir George Thomson, Vice-President, Dr J M A 
Lenihan, Hon Treasurer, Dr J Taylor, Hon Secre- 
tary, Prof F A Vick, and New Ordinary Members 
of Council, Dr V E Cosslett and Mr L Rotherham. 


SOME INTERNATIONAL GEOPHYSICAL YEAR 
ACHIEVEMENTS 


HE Royal Society has issued under the above 
title a small pamphlet constituting an interim 
statement at the end of the observational phase of 
the International Geophysical Year The pamphlet 
contams short notes, avranged under the fifteen sub- 
ject fields, of statistical details of the work done and 
of mmportant new deductions so fai made from the 
International Geophysical Year observations Some 
features of special mterest are as follows 
Meteorology Ozone observations at the Royal 
Society base, Halley Bay, Antarctica, show an 
annual variation in total ozone content with a sharp 
increase in early summer markedly different from 
the variation over the Arctic where there are smooth 
rises and falls about an autumn minimum 
Geomagnetism Halley Bay ıs found to have been 
most advantageously srted for 1esording geomagnetic 
disturbances as ıt ıs the only antarctic station just 
outside the zone of greatest concentration of iono- 
spheric currents In one magnetic stoim the range 
of the fluctuations in horizontal force reached the 


enormous value of one-sixth the average value of 
horizontal force 

Ionosphere Halley Bay has recorded 1emarkable 
features ın the diurnal variation of ionospheric 
electron density in winter The noon value in 
winter exceeds that at noon m summer and 1s ten 
times that at midnight In summer the diurnal 
range ıs small with a mmimum at midnight These 
variation types change over suddenly near the 
equinoxes 

Solar actwity United States ionospheric observa- 
tions made by rocket reveal the existence of a power- 
ful flux of sola. X-rays at the tıme of a solar flare 
This X-ray flux produces the merease in D-level 
ionization which in turn affects longaange radio 
communieations 

Cosmic radiation Cosmic ray measurements made by 
Van Allen with the United States artificial satellites 
have, as 1s now well known, revealed the existence of 
an intense belt of cosmic 1adiation surrounding the 
Earth 
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Oceanography | British. ships have observed directly 
the deep ocean currents of the North Atlantic usmg 
the ‘Swallow’ acoustic signallmg float which can be 
set to drift at the required depth One of the currents 
measured was a southward one below the Gulf Stream 

Nuclear radiation The existence of the Inter- 
national Geophysical Year network of nuclear 
sampling stations m Europe permitted a detailed 
study to be made of the diffusion of radioactive 
material released by the Windscale nuclear reactor 
accident m November 1957 

The full prescribed observational work ceased with 
1958 and the main task of the present and future 
is the study of the observations made during the 


NATURE 


605 


year It 1s, however planned to continue some 
observations, apart from those which are part of 
regular meteorological, etc, services, durmg 1959 
under the title “International Geophysical Co-opera- 
tion 1959” 

The International Council of Scientific Unions has 
foimed special committees to co-ordinate further 
international work in antarctic research, oceanic 
research and space research 

A further possibility 1s the makmg of a magnetic 
survey on & world-wide scale during the next sunspot 
minimum for comparison with the magnetic observa- 
tions made durmg the maximum period with which the 
International Geophysical Year was tumed to coimneide. 


RADIO FIELD-STRENGTHS IN THE TROPICS 


T ıs well known that radio-communications con- 
ducted by waves which are propagated by 
reflexion. from the 1onosphere are critically dependent 
on the properties of the layers of 10nized. gas which 
transmit and attenuate the signals The regular 
observation of the characteristics of the ionosphere 
at stations distiibuted widely over the Earth's surface 
has made ıt possible to understand and explain many 
phenomena which were obscure even ten years ago 
The International Radio Consultative Committee 
has, among its other studies, been investigating 
many technieal problems mvolving the propagation 
of radio-waves by way of the 1onosphere, and of 
these a most mmportant one 1s that of tropical broad- 
casting, for which high-frequency waves are much 
more effective than medium waves on account of 
the very high atmospheric noise-Jevel present ın most 
tropical regions Unfortunately the attenuation of 
the signals ın the higher-frequeney bands 1s much 
greater during the day than is usual at higher latı- 
tudes and the reflecting layers are also less stable 
Thus the problem of providing an adequate signal-to- 
noise ratio ıs considerably more difficult in the tropics 
The past studies of the International Radio Con- 
sultative Committee had shown that the standard 
methods of computing the field-strength of sky-wave 
signals were considerably in error at low latitudes , 


but ıt also became clear that the additional basic 
data obtamed in recent years provided an explanation 
of many of the discrepancies disclosed In a report* 
by W R Piggott, recently published by the Depart- 
ment of Scientific and Industrial Research, Radio 
Research Station, this subject 1s reviewed with the 
aid of an analysis of the problem of identifying the 
most effective type of ionospheric reflexion for 
particular circumstances This report shows that 
some of the difficulties ın interpreting the results of 
field-strength measurements at low latitudes have 
been due to changes in the dominant mode of 10no- 
spheric propagation, and the consequent variations 
in the attenuation of the waves, and the angle of 
elevation at which they arrive at the receiver "The 
rate of advance of knowledge of thus subject depends 
on the continual interplay of practical observations 
with theory, and it ıs hoped that the publication 
of this report, together with its presentation at 
the Plenary Assembly of the International Radio 
Consultative Commuttee recently held ın Los Angeles, 
will encourage radio research workers in low latrtudes 
to investigate ther wave-propagation phenomena 
1n more detail 


* Department of Scientific and Industrial Research Radio Research 
Special Report No 27, The Calculation of the Median Sky Wave 
Field Strength ın Tropical Regions By W R Piggott Pp 38 (Lon- 
don HM Stationery Office, 1959) 2s 6d net 


BRITISH BOOKS AND FOREIGN MARKETS 


N reply to a series of questions in the House of 
Commons on June 22 regarding the supply of 
British books and periodicals overseas, Dr C Hill, 
the Chancellor of the Duchy of Lancaster, made a 
long statement which was circulated m Hansard 
The study of ways and means of mcreasing the flow 
of British books and periodicals overseas has now 
been completed Recognizing that British books can 
do much to help other peoples to understand our 
way of life and that they make a very real contribu- 
tion to the life and thought of other nations, the 
statement pomts out that there 1s an ever-increasing 
demand for reading-matter in English, and we must 
do more to promote the flow of British reading-matter 
overseas Other countries are already producing large 
amounis of well-produced attractive literature which 


1s easy to read and imexpensive and is aimed par- 
ticularly at Asian and African countries Although 
in 1958 exports totalled nearly £24 million, or almost 
two-fifths of the turnover of the United Kingdom 
book trade, several countries mmpose, for currency 
reasons, substantial restrictions on imports of British 
books and periodicals and our exporters cannot make 
further headway in these markets Low individual 
incomes in many countries and the lack of effective 
hbrary and other distribution systems are also major 
difficulties 

Accordingly, the Government has decided to take 
five steps to promote the export of British books and 
periodicals 

(1) To enter into negotiations with various countries 
with the amm of establishng schemes operating 
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broadly on the Imes of the British book export 
schemes which were established during the War and 
m the mmediate post-War period 

(n) To promote the production of low-priced 
editions of a range of British books for sale m certam 
countries where there 1s a large unsatisfied demand 
for such books This will call for substantial Govern- 
ment expenditure 

(Qu) To authorize a further expansion of the British 
Counei's library services in several centres and of 
the Council’s resources for presentations of books 
and periodicals abroad on which the Counei this 
year expects to spend in all about £650,000 

(iv) To assist, through the British Council, m the 
development of library systems in some Colonial 
territories, including the establishment of central 
libraries, regional branches, book vans and book boxes 

(v) To co-operate with publishers ın measures to 
enable them to merease their circulations m some 
of the more difficult markets overseas 

Parhamentary approval for the expenditure 
mvolved will be sought at the earliest convenient 
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opportunity and it will be necessary to proceed m 
consultation with the Governments of the Common- 
wealth and foreign countries concerned, and Dr Ill 
promused to inform Parlament as soon. as agreements 
had been concluded In reply to a further question 
Dr Hil said that the increase m the British Council's 
resources would be concentrated on scientific and 
technical books, but the schemes to be negotiated 
with countries where import restrictions prevent the 
flow would cover a wide range of books He hoped 
that in the next year ıt would be possible to reach 
up to 2 million copies of low-priced books This 
would be done ın association with the publishers who 
own the copyright of the books concerned and would 
involve Government aid to narrow the gap between 
the economic price and what could be paid m the 
countries of reception Replying to specific questions, 
Dr Hil said that British book exports in 1958 to 
India were recorded in the Trade and Navigation 
Accounts as £424,427, to Pakistan £39,950, to Ceylon 
£15,732 and to Israel £9,473 Dr Hull estimated 
the mereased expenditure as about £500,000 next year. 


FORESTRY IN NEW ZEALAND 


HE annual report of the director of forestry of 
New Zealand for the year endmg March 31, 
1958, ıs of more than usual interest in that ıt 1neludes 
& general historical review of both departmental 
activities and general land use and admumustration, 
covering the past forty years The need for such a 
review had been particularly stressed by the Minister 
of Forests (Mr Tinkatene) and was prompted also 
by the meeting of the British Commonwealth Forestry 
Conference which had been held in the country 
durmg September—October 1957 The Minister hım- 
self (a Maori) contributes a prologue recognizing that 
the great forestry effort involved in creatmg a very 
large acreage of exotic softwood plantations, mainly 
of Pinus radiata from Califorma, by the quick pro- 
duction of an alternative supply of essential timber, 
has saved a large remnant of the native forest at 
the same time he calls for much greater attention to 
the maintenance of this forest, especially for its 
value m protecting soil and conserving water The 
disastrous consequences of the denudation of the hill- 
sides ın the form of soil erosion and then extensive 
floods are all too widespread and serious to be 
ignored any longer Quoting two specific examples, 
he suggests that the Urewera mdigenous forests ın 
Noith Island, largely ın Maori ownership, might in 
the national interest have to be managed primarily 
for soil stabilization and water retention, not timber, 
while ın the hills behind Canterbury, all land more 
than 3,000 ft high might have to be taken out of 
pastoral use, even the city itself ıs now threatened 
by flood devastation It must be encouraging to 
the Forest Service to have this official backmg, which 
is combined with full recognition of the essential 
need of stable finance for the necessary research work 
and for remedial measures 
The visit of the Commonwealth Conference stimu- 
lated the preparation of a number of research papers 
covering many of the lines of activity which have 
called for special attention of recent years Some of 
the topics dealt with are also currently promment 
elsewhere, especially where softwood plantations 
play an important part, such are problems in 
genetics, and the relation between sylvicultural treat- 


ment and market requirements in iespect of both 
dimensions and quality (whether for timber or pulp) 
There are also problems of the later management and 
regeneration of the plantations, as ın the United 
Kingdom Durmg recent yeais, a good deal of 
thought has been given to the management and 
regeneration of the natrve forests, both those with 
important softwoods, notably kauri (Agathes australis) 
and the va110us species of Podocarpus, and the ‘beech’ 
forests (Nothofagus spp) Encouraging progress 1s 
bemg made but rates of development are, of course, 
very slow compaied with those of the mtroduced 
conifers, and, as already noted, these forests have 
other functions to fill as well as timber production 

The Commonwealth Conference appomted a special 
committee to report on New Zealand forestry In 
the report, as Resolution 6 of the Conference, alarm 
1s expressed at the poor condition of the remaming 
indigenous forest as a result of past explortation, and 
expansion of iesearch programmes is urged, the 
publication of Volume 1 of the “National Forest 
Survey of New Zealand” for these forests ın 1953 
18 commended, as ıs also the extension of the survey 
to protection forests 

It may be noted that damage to the native forests by 
introduced animals, above all red deer and opossums 
but also wild goats and pigs, 19 still a really serious 
problem, so much so that there 1s a special division 
to deal with ‘noxious animals! To remforce shooting 
operations m the natural forests, bounties are paid 
for animals killed outside The numbers killed m the 
year in what do not claim to be more than ‘holding’ 
operations are striking, namely, 55,000 deer, 28,000 
goats, 4,000 pigs and 4,000 chamois by the State 
alone The opossums are mostly killed outside the 
ieserves, 900,000 in the year (after more than a 
mulhon ın 1956) 

The control of noxious animals was only taken 
over by the Forest Service two years ago and there 
1s a strong case for a similar taking over of soil 
conservation and river control, so that the troubles 
can be dealt with at thew source instead of trying 
to remedy them after the damage has already been 
done, as ıs currently happenng 
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There is still a big exotic planting programme, 
8,744 acres having been added im the past year 
The major features are the clearmg and replanting 
of former failures, notably those with Pinus scopu- 
lorum, à mistaken choice, and the extension of the 
work on to the coastal sands of the North Island 
which are unsuitable for agiiculture, where the 
plantations will not only be productive ın themselves 
but will also protect the fields from sand encroach- 
ment 

The annual report of the New Zealand Forest 
Research Institute for the same year ending March 31 
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(Pp 100 Welington Government Printers, 1958) 
amplifies many of the points referred to above, and 
ib also looks back over its first decade of work, 
expressing the feeling that ıt 1s now well established 
as a fully co-ordmated research centre, with an 
advisory committee representing both mdustry and 
all related research oigamizations The graduate 
staff now numbers nearly fifty with a comparable 
number of technicians, but the Commonwealth 
Conference thought that there is still need for an 
increase on both the forestry and forest products 
sides H G Campion 


UBIQUINONE AND VITAMIN E 
By Dr THOMAS MOORE 


Dunn Nutritional Laboratory, University of Cambridge and Medical Research Council 


So time ago we noticed? the presence in the 
livers of rats of an alkah-labile substance with a 
sharp absorption band at 275 mu For the purpose 
of studying the distribution of vitamm E m the body 
the rats had been given diets which were only barely 
sufficient m vitamm A This restriction was intended 
to elimmate the strong spectroscopic absorption of 
vitamm A at 328 mp, and so allow the measurement 
of vitamm E by its weaker absorption? at 294 um 
In the body-fat of rats given wheat germ, rich m 
vitamin E, the presence of this vitamin was readily 
detected In the liver, however, the detection of 
vitamin E was made difficult by the absorption at 
275 mu which has already been mentioned 

We were reminded? of these early observations by re- 
ports by Lowe, Morton and Harrison! of fractions fiom 
the livers of rats deficient m vitamm A which adsorbed 
at 275 mp, with other maxima at 233, 283 and 332 mp 
These workers thought, at the time, that abnormal 
steroid products had been formed as the result of the 
&vitaminosis We confirmed the presence of a band 
near 275 mp m liver extracts of rats deficient in 
vitamm A Saponnfication of the lver-fat with hot 
alcoholic potash caused the band to disappear, but 
1b survived the same treatment when applied to the 
liver tissues Presumably the tissues protected an 
unstable substance against oxidation The band dis- 
appeared from solutions which were treated with 
85 per cent sulphuric acid, were aerated, or stored 
for 37 days at — 10°C , ıb survived treatment with 
digitonin Sterol-free extracts of unsaponifiable 
matter, made by the direct saponification of the 
tissues, were neither fluorescent under ultra-violet 
radiation nor chromogenic in the antimony tri- 
chloride test By paper chromatography evidence 
was obtained of the presence of two substances with 
absorption maxima at 275 mu One had a single 
sharp band at this position, but the other had also 
an mflexion at 330 mp Both substances were faintly 
yellow, but had no selective absorption m the visible 
Bands at 272-275 mu. were also found in liver extracts 
from rats which had been cured of avitaminosis A, 
from normal sexually immature rats, and from a 
normal pig and guinea pig 

The existence of two substances, with their mam 
absorption maxima at the positions observed. by us’, 
was also reported by Heaton, Lowe and Morton! 
The names substance 4 and substance C were given 
Both had their absorption maxima at 275 mp, but 
C differed from A in having a sharper inflexion at 


330 mu , both substances Æ and C were found m the 
livers of normal animals, although the concentration 
of substance C in the liver of normal rats was much 
lower than 1n the hvers of rats suffermg from vitamin 
A deficiency A and C were also found in various 
tissues other than liver, and m different species,¢ 

Further extensive mvestigations by the Liverpool 
school, reviewed by Morton’, have led to the isolation 
of substance A It 1s not a sterol product, as first 
expected, but a derivative of I-methyl-5,6,dimethoxy 
p-benzoqumone In view of 1ts wide distribution the 
name ubiquinone was given The striking feature of 
its structure is a long unsaturated side-cham, com- 
prising 50 carbon atoms, attached at the 2 position 
Sunilar conclusions as to the constitution of 
ubiquinone, otherwise known as Q 2755 or mito- 
quinone’, have been reached in America’? According 
to Lester, Crane and Hatefi!!, ubiquinone 1$ only one 
of a whole new series of quinones, which vary in 
the natme of the side-cham 

Some workers! consider that ubiquinone plays an 
Immportant part in tissue oxidations Others??? have 
ascribed a similar role to vitamm E The roles of 
both vitamm E and ubiquinone m heart muscle 
preparations have been reviewed by Slater, who has 
suggested that the question whether there is a 
chemical or functional relationship between the two 
substances deserves mvestigation 

Vitamin E and ubiquinone have common properties 
m bemg soluble m fats, m bemg capable of under- 
gomg reversible oxidation or reduction, and m bemg 
unstable to alkaline saponification m the presence of 
oxygen They differ m vitamim E bemg found m 
anımal tissues mainly in the reduced state, whereas 
ubiqumone ıs mainly m the oxidized state Regardmg 
thew distribution, ubiquinone has been found mamly 
in mitochondria, whereas vitamin E can be stored in 
the body-fat! Smce vitamm E is a potent anti- 
oxidant, ıt might possibly intervene ın the meta- 
bolsm of ubiquinone by protecting ıt against 
irreversible and destructive oxidation 

It was of mterest, therefore, to inquire into the 
effect of vitamin E deficiency on the concentration 
of ubiqumone im the tissues The prelimmary 
evidence on this pomt! may now be re-examined on 
the basis of pure ubiquinone having E (1 per cent, 
lem )¥ at 272 mu = 167 A rough estimate of the 
concentration of ubiquinone, without allowance for 
the possible presence of substantial amounts of sub- 
stance C, may be calculated from the difference 
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Fig 1 Absorption spectrum of an extract of the heart of a rat, 
deficient in vitamin EH The presence of ubiquinone ıs indicated 
by the maximum at 276 mp 


240 


between the absorption of the extracts at 275 my. 
before and after saponification On this basis the 
liver of a rat which had been kept for four months 
on a diet deficient in vitemm E contained about 
320 ugm of ubiqumone per gm The liver of a rat 
which had been kept for two or four months on a 
diet contaming 60 per cent of wheat germ, and there- 
fore rich in vitamm E, showed little difference from 
that of the deficient animal with 270 and 290 pgm 
per gm of ubiquinone, respectively 

These early values for liver have now been supple- 
mented by results, obtamed by the co-operation of 
Dr I M Sharman and Miss Margaret Smith, on 
rat's hearts The hearts were taken from piebald 
males, which had received a diet deficient m vitamm 
E for eight months The severity of the deficiency 
was demonstrated in all the animals by the de- 
generation of their testes Since vitamin A does not 
accumulate m the heart in more than traces, 1t was 
unnecessary to restrict the intake of this vitam, as 1s 
advisable when the liver 1s to be exammed for 
ubiquinone The hearts were digested ın alcoholic 
potash in the presence of pyrogallol as an additional 
protective agent", and the fraction containmg 
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ubiquinone was extracted with ether In spectro- 
photometric examunation the maximum at 275 mu 
seomed sharp enough to provide a rough indication 
of ubiquinone contents without further refinement of 
the extract A typical curve is shown in Fig 1, from 
which 15 will be seen that there was no mflexion at 
330 mu, the position mdicative of substance C For 
four deficient rats, ubiqumone concentrations of 
977-365, mean 338 pgm per gm of heart, were 
found Four simular rats, which had been given the 
same diet but with adequate doses of dl-«-tocopheryl 
acetate, had ubiquinone concentrations of 303-371, 
mean 331 ugm per gm of heart No evidence of an 
absorption maximum at 294 mp, mdicative of 
vitamin E, could be seen m heart extracts from 
either the rats deficient or adequate m vitamin E 
This was m lme with our early experience! that the 
detection of vitamm E m hver extracts ıs prevented 
by ubiqumone even when vitamin A 1s absent 

In these investigations, therefore, there was no 
indication of any relationship between the ubiquinone 
contents of the tissues and the vitamin E status 
Morton? has reached the same conclusion, but his 
evidence has not yet been published 
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MECHANISMS OF RESISTANCE OF ADULT HOUSEFLIES TO THE 
INSECTICIDE DIELDRIN 


By F P. W WINTERINGHAM and A HARRISON 


Pest Infestation Laboratory, Slough, Bucks 


ENDING the successful syntheses! at this Labora- 

tory of the msecticides labelled with carbon-14, 
the absorption, metabolism and excretion of the sul- 
phur analogue labelled with sulphur-35 (II) of dieldrin 
(I) by dieldrin-resistant (E) and susceptible (S) adult 
housefhes (Musca domestwa) have been studied 
Adults of the S-stram were from the normal labora- 
tory stock Pupæ of the R-stram were obtained 
through the kindness of Dr J R Busvine and 
originally collected at Omdurman (Sudan)? The 
first generation of R-adults at this Laboratory 
(March 1957) displayed little resistance to topically 
apphed I but after breeding through 6 generations 


on larval food containing I at a final concentration 
of 150 ppm the adults were highly resistant to 
either I or II when applied topically m acetone 
There was evidence of only a slight initial loss in 
resistance ın adult R-fles after breeding through a 
further 19 generations m the absence of I 

The radioactive insecticide (II) was applied topic- 
ally to the dorsal thorax m 2 41 acetone to individual 
R- and S-adult flies while under mild cyclopropane 
anesthesia and the flies kept 1n fresh air at 25° C with- 
out food or water for 3hr Signs of poisoning appeared 
in S-fües alone towards the end of this period The 
flies were confined ın groups of 10 or 20 to 1-m strips 
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Q) (I1) 
of Whatman No 1 paper by means of shallow glass- 
covered cages so that almost all the excreta and vomit 
were collected on the paper Control groups were 
similarly set up ın which the anı had been sealed to 
prevent excretion The difference between the 
radioactivities recovered on the normal and control 
papers thus represented net excretion , radioactivity 
of the control paper represented contamination by 
mechanical contact with the fles, vomit, eto After 
3 hr the insects were anssthetized and rmsed m 
acetone to remove unabsorbed insecticide Heads, 
thoraxes and abdomens were separately homogenized 
and extracted with acetone ^ Acetone-msoluble 
metabolites were assayed in the extracted tissues 
Unchanged msecticide and metabolites were determ- 
med by radio-paper chromatographic techniques 
Only unchanged msecticide was recovered from fires 
which had been killed by heat before the experiment 
except for a small fraction present m all extracts 
which behaved as the sulphone of II under the 
conditions of paper chromatography used and is 
beheved to arise largely through atmospheric oxida- 
tion The results of experiments ın which 2 ugm of 
labelled II was apphed to adult fhes (50 males +- 
50 females) are collected m Table 1 This dose was 
lethal to all S-flles but mnocuous with respect to 
R-fhes The results were determmed as **S-radio- 
activity, corrected for decay, self-absorption, ete, 
and expressed as a percentage of the dose applied 
After 3 hr all the S-flles became prostrate and 
ceased to excrete, but metabolism of the absorbed 
insecticide contmued for several hours, the metabolites 


Table 1 FATE OF (8) SULPHUR ANALOGUE OF DIELDRIN 3 HR 
AFTER TOPICAL APPLICATION TO DIELDRIN RESISTANT (R) AND SUS- 
CEPTIBLE (3) ADULT HOUSEFLIES AT A DOSE OF 2 “GM PER INSECT 





R-strain 
Per cent 
applied dose 


S-siram 
Per cent 
applied dose 





Lost by volatility ofinsecticide* during 
treatment, manipulation, etc 

Unabsorbed from cuticle 

Unchanged insecticide ın head 

Unchanged insecticide in thorax 

Unchanged insecticide in abdomen 

Acetone-insoluble metabolites in head 

Acetone-insoluble metabolites in 
thorax 

Acetone-insoluble metabolites 1n 
abdomen 

Unchanged insecticide excreted 

Water-soluble metabolites excretedt 

Water-insoluble metabolites excreted 

Unchanged insecticide lost by mech- 
anical contact and vomit 
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Total effective detoxication stored 
metabolites -- excreted metabolites 
and insecticide as per cent dose 
absorbed 
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38 35 








* Determined by difference, but 1n one experiment a loss to the air 
of the insect chamber was demonstrated radiometrically 
-t Not sulphate 


(III) 


accumulating mamly m,the abdomen Resistant 
flies, on the other hand, continued to excrete their 
metabolites Thus, seahng of the anus had little 
effect on the accumulation of metabolites m the 
abdomen of the S-fly but a marked effect on that of 
the R-fly as shown graphically m Fig 1 

Some experiments were made with a non-insecti- 
cidal compound labelled with bromium-82 (III) so 
that metabolism and excretion of a related compound 
by S- and R-fhes could be compared m the absence of 
toxic effects These experiments mdıcated that over 
a 24-hr period both strams excreted similar propor- 
tions of the unchanged compound together with small 
similar proportions of water-soluble metabolites 

These experiments strongly suggest that resistance 
of the R-fles to dieldrin 1s not due to lack of cuticular 
penetration, or to a gross difference ın the rates of 
excretion or metabolism of the msecticide by the 
S- and R-insects An efficient defensive mechanism 
18 certamly operatmg in the R-insect during the first 
3 hr because, towards the end of this period, the 
S-msect rapidly succumbed and there were signs of 
an irreversible lesion such as an exhaustive burst of 
respiration and fall of tissue o-glycerophosphate 
Other experiments at different dosages (0 37-5 ugm 
msecticide/msect), or of different duration (0 3-24 hr ), 
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Fig 1 Accumulation of sulphur-35 metabolites 1n the abdomens 

of adult houseflies exposed to 2 ugm dieldrin-?8 analogue 

O---O, excretion possible, @—@, anus sealed, excretion 
not possible 
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or with an mdependent pair of S- and R-strains have 
led to the same conclusions 

By chemical assay March, Metcalf and Baich 
(Metcalf, R L , personal communication) were unable 
to find any difference m cuticular penetration or 
in the apparent disappearance of absorbed dieldrin 
from the susceptible and resistant houseflies 

The protective mechanism may be confined to 
particular sites, which involve only a small fraction 
of the absorbed insecticide For example, Yamasaki 
and Narahashi® found some evidence of a lowered 
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sensitivity to dieldrm of the exposed thoracic ganglion 
of resistant houseflies which did not mvolve detoxica- 
tion in other tissues 

These experiments are part of an vestigation mto 
the mechanisms of dieldrm resistance in Diptera, 
supported m part by a research grant from the 
World Health Organization Full details will be 
published elsewhere 
t Brooks, G T,J Chem Soc , 3693 (1958) 


2Busvine, J R , Nature, 174, 783 (1954) 
3 Yamasaki, T , and: Narahashı, T , Botyu-Kagaku, 28, 146 (1958) 


MOLECULAR SHAPE AND THE PHYSICAL PROPERTIES 
OF MUCIN 


By R A. GIBBONS 


National Institute for Research in Dairying, Shinfield, Reading 


PITHELIAL muem is an important secretion 
having somewhat unusual physical properties, 
and it has been shown, in two instances, that the 
materials responsible for these physical properties 
are so-called ‘neutral’ mucoids of the blood group 
substance type!  Lattle 1s known at present of the 
molecular form of this class of compound, but 
evidence has been obtamed, mamly fiom flow- 
birefrmgence measurements, mndicatmg that these 
particular mucoids are molecules of the ‘random-coul’ 
type! It is of interest to re-examme some earher 
work on mucoids of this type m the hght of this 
result In particular, the physico-chemical data 
on the human blood group mucoids of Morgan and 
co-workers? may be re-considered These specimens 
were isolated from the same source and carefully 
purified usmg similar mild techniques, they differ 
in molecular weight over the range 2 6 x 10° to 
18 x 105 but the chemical differences between 
them are, from the physico-chemical pomt of view, 
munor ‘They may thus be taken to represent a 
homologous polymer series, somethmg difficult to 
find elsewhere 1n the field of mucoid chemistry 
Of the relationships known to exist between 
members of a homologous polymer series of random 
coils, two may be tested uemg published physico- 
chemical data The relationship between sedimenta- 
tion coefficient at infinite dilution, s,, and M, the 
molecular weight, should be of the form s, = A+ 
B4/M, where A and B are constants? Further, 


[S 18) ] (c = concentration) should be indepen- 
dc jc-o 


dent of M as the following considerations will show 
Burger's equation for the variation of sedimentation 
rate of suspension of spheres with dilution has been 
found applicable to a number of polymers at low 
concentrations‘, as 1s reasonable in that the random 
coil molecule in translation approximates well to an 
impermeable sphere’, due to the large amount of 
solvent ıb entrams withm ıb 

= So) 
1+Anv 
number of molecules per unit volume, and writing 


Ne 
M for n, where N 1s Avogadro’s number, we have 





Taking s = , where A 1s a constant‘, n 1s the 





i + ANev ,80 that d(1/s) = ANv Remembering 

8 8 89M dc 80 

that s, = MO — vp) and v = faë lwhere a 1s the 
N 6r, 3 


effective radius of the molecule and the other symbols 
have their usual significance, we may write the 
differential SUNSET DUE. 

M? (1 — eg) 
series m the same solvent, M 1s proportional to the 
square of any lmear dimension of the molecule’ 


For a homologous polymer 


a’ 
Hence M 18 constant m these conditions 


The values of s%,y and aus) given m Table 1 , 
z c 
were obtamed by extrapolation of the graph of 


i agamst c to c — 0 A lLmear extrapolation was 
made although ın the case of the first and third speci- 
mens quoted Imearity 1s not good The values of 
d given m Table 1 are thus averages between 

c 
c = 0and c = 1 per cent, furthermore, different 
degrees of polydispersity in the samples will cause 
some variation m the slopes observed, so that there 
is reasonable agreement with theory Linearity 
between s, and yM 1s good The conclusion that 
these mucoids are of the random-coil form may be 
drawn with some confidence 

It 1s mteresting to note that the physical properties 
of muem may be reasonably interpreted on tho basis 








Table 1 SEDIMENTATION COEFFICIENTS AND MOLEOULAR WEIGHTS 
OF MUCOIDS 

0 d(1 

5500 * 105 M VM Sal) x10-1* 
89 26 x 105 509 9 0 72 
91 27 x 10* 519 6 0 75 
100 3 2 x 10* 565 6 0 91 
123 4 6 x 105 678 2 0 80 
25 0 18 x 10° 1841 6 0 95 








* cin gm /100 ml 
Data from Kekwick (ref 2) and Caspery (ref 2) 
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of what 1s already known of the properties of random 
col molecules Epithelial mucm frequently gives 
rise to two phases in water, a rather dilute swollen 
gel phase and an aqueous phase which 1s almost pure 
water The gel phase displays visco-elastie or plasto- 
elastic rheological properties and may also show the 
Weissenberg effect These properties are entirely 
consistent with those of a random coil polymer below 
its O.pomt The gel phase may be dispersed to give 
& viscous solution by raismg the pH, or the tempera- 
ture, or by addmg to the solvent a third component 
(for example, urea, calerum ions) Agam, this 
behaviour 18 to be expected of a random-coil polymer 
if 16 contams potentially negatively charged groups, 
and if the solute-solvent interaction parameter® is 
increased by the addition of the third component 
The physical properties of solutions of random-coil 
polymers have been extensively studied, and a good 
deal of the theoretical thermodynamic background ıs 
available, a full exposition is given by Flory* A 
consideration of this work may be of some value m 
the interpretation of the biochemistry and biophysics 
of mucous secretions, and attention 1s invited to three 
points (1) The molecular weights of mucoids may 
be determmed from sedimentation coefficients and 
intrinsic viscosities, the latter bemg a more readily 
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and more precisely determmable parameter than the 
more usual diffusion constant Moreover, axial ratio 
as usually evaluated from the frictional ratio ıs not 
meaningful with respect to this type of molecule 
(2) Where mucoids are modified by chemical treat- 
ment or by enzymes and a fall m viscosity 1s observed, 
this has usually been mterpreted as a depolymeriza- 
tion Some caution ıs required here, sınce the change 
in viscosity may be largely due to chemical changes 
which alter the thermodynamic interaction para- 
meter, or the related molecular expansion factor, and 
not necessarily to depolymerization (3) The degree 
to which the molecule 1s coiled up (that is, the mole- 
cular expansion factor) may effect the availability 
of antigenic sites on a mucoid molecule to antibody, 
and may be a factor concerned m its immunological 
reactivity 

This work is part of à progamme supported by 
the Population Couneil, Ine, Rockefeller Institute, 
New York 
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AN ASSOCIATION BETWEEN ABO BLOOD GROUPS AND FERTILITY 
IN A NORMAL AMERICAN POPULATION 


By Dr. T. EDWARD REED 


Department of Human Genetics, University of Michigan 
AND 


DR J H AHRONHEIM 
W. A. Foote Memorial Hospital, Jackson, Michigan 


HE possibility of fertihty differences associated 
with ABO blood group phenotype has been 
investigated in married couples in two populations??, 
using couples unselected with respect to ther fertihty 
In 161 white American couples who had completed 
ther famulies, fertility differences associated with 
blood groups could not be demonstrated! Such 
differences were found, however, m 1,429 Japanese 
couples of varymg ages? A study of the fertility of 
1,290 marred English men and 1,319 married 
English women, age fifty years or more, failed to 
demonstrate an association between individual 
fertility and ABO blood group? We wish to record 
here observations on 558 white American couples 
in which fertility differences associated with blood 
gioups do appear to be present 
The present data were obtamed from an mvestiga- 
tion carried out for other purposes In the wintei of 
1950-51 a mass blood groupmg (ABO and Rh) pro- 
giamme was carried out m Jackson County, Michigan, 
on 48,652 mdividuals by the Michigan Civil Defense? 
72 per cent of the inhabitants of the city of Jackson 
(pop 51,088 ın 1950) were included in this programme 
Blood from venepuncture was used and the ABO 
phenotypes were determined both by cell typmg and 
back-typmg of isoagglutmms In addition to ABO 
and Rh status, the name, address and religion were 
recorded for each individual For 64 per cent of the 
individuals, the date of birth was also noted , about 
50 per cent of these persons were less than 15 years 


of age Family relationship was not recorded 

Afterwards, for the present analysis, the information 
on each individual was transferred to an IBM 

punch card and these cards were sorted by exact 
street address Whenever two or more persons 
having the same surname, street number, and street 
name in the city of Jackson were found, the city 
directory was consulted to determine if two of the 
persons were husband and wife If this was the case 
and there were other mdividuals of the same surname 
at this address, age relationships were examined to 
see whether these individuals could reasonably be 
children of the husband and wife Unless there was 
some definite mdication, such as appropriate dates 
of birth, that this was so, the mdividual was not 
counted as a child of the couple Three thousand 
six hundred and twenty-eight ‘famulies’ were found 

Home interviews of 90 randomly chosen couples 
were made in the spring of 1958 to test whether these 
*famihes!' had been ‘constructed’ successfully The 
true number of children born by the time of the blood 
grouping to 53 couples 1n which the wife was born m 
1910 or later was 79, the number m our ‘famulies’ 
was 66, of whom 62 were correctly assigned, l was 
adopted, and 3 (all in one Negro family) were born 
out of wedlock but probably were the biological 
children of the couple For couples whose wives are 
in this age-range ıt ıs therefore probable that about 
80 per cent of the actual children are correctly 
recorded 
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DISTRIBUTION OF 568 MATINGS BY ABO BLOOD GROUP* AND NUMBER OF CHILDREN— WHITE PROTESTANT COUPLES IN WHICH THE 


WIFE IS 30-39 YEARS OF AGE 





















































Mating Mating Number of children (= z) Total Total Mean S E of 
Compatibihty (d x 9) number of | number of number of mean 
0 1 2 3 4 5 6 7 8 couples children children 
i oxo 21 40 31 17 7 3 — — — 119 196 1 647 0 114 
OxA 19 21 38 22 3 5 — = — 108 200 1 852 0 122 
OxB 6 6 6 1 — = = — — 19 21 1 105 0 215 
Compatible O x AB — 3 — 2 = — — — — 5 9 1 800 0 490 
AXA 18 28 22 14 4 2 — = — 88 140 1 591 0 132 
À x AB 1 1 3 1 — 1 = — — 7 15 2 148 0 595 
BxB Quo mg ie UO se tme. MS Se 4 10 2 500 0 289 
Total 65 99 102 59 14 11 — — — 350 591 1 689 0 066 
Axo 17 22 45 18 7 2 8 1 1 116 237 2 043 0 140 
A xB 3 5 8 4 2 1 = = — 23 46 2 000 0 274 
BxO 1 4 8 8&8 — — — — — 21 44 2 095 0 194 
Incompatıble BxA 7 5 5 — 1 1 1 — — 20 30 1 500 0 387 
ABxO 1 3 4 2 — = — — — 10 17 1 700 0 300 
AB x A 2 3 6 4 = = = = — 15 27 1 800 0 262 
AB x B — — 3 ————— — 3 6 2 000 — 
Total 31 42 79 36 10 4 4 1 1 208 407 1957 0 097 
All matings 96 141 181 95 24 15 4 1 1 558 998 1 789 0 055 
*Matings d B x $ AB and d AB x 9 AB did not occur 
This communication reports on 558 couples which geneous Since all possible matmgs mvolvmg AB 


are Protestant, non-Slevie m surname, non-residents 
of the well-defined Negro district, and ın which the 
wife ıs m the 30-39 year age group The first three 
iestrietions reduce racial heterogeneity and ensure 
that, m the absence of natural selection, the prob- 
ability that a given child was meluded im this study 
should be practically independent of the blood groups 
of his parents Various sources of error should also 
be independent of parental blood group (blood groups 
were not used m matchmg children and parents) 
The number of children recorded should therefore 
be proportional to the true number and valid com- 
parisons of relative fertility can be made Women 
of completed fertility would ordinarily be preferable, 
but in these observations, they appear to be less 
fertile because ther children often no longer reside 
m the parental home and so are missed 

The distribution of couples by blood group and 
number of recorded children ıs given ım Table 1 
Analysis of variance of number of children, after 
suitable transformation of variable to correct for the 
non-normal distribution, can be used to test whether 
blood groups are related to fertility This analysis 
1s presented ın Table 2 The transformation used 
y = Vz + l, where æ is the number of children 
gives a distribution which does not differ significantly 
from the normal Bartlett’s test indicates that 
the variances of y m the various matings are homo- 





Table 2 ANALYSIS OF VARIANCE OF y* = Va +1, WHERE 7 IS 


NUMBER OF CHILDREN 
Matings including AB individuals are omitted 

















Degrees | 
Item o: Sumsof | Mean F ratio P 
freedom. | squares | squares 
Males 2 0 2819 0 1410 0 910 2025 
Females 2 0 3061 0 1531 0 988 > 0 25 
Interaction 4 2 2658t | 0 5665 3 057 «001 
Between 
matings 8 2 8538 0 3567 2 303 « 0 025 
Within 
matings 509 78 8653 0 1549 — — 
Total 517 81 7191 0 1581 — — 

















* Analysis of variance of x 1s similar, giving an interaction F of 
3 242, P < 0 025 

Tf Obtained by subtraction The value obtained by fitting con- 
stants 1s 2 2908, giving an interaction F of 3 697 


individuals are not represented, the analysis of 
variance was made on the 518 matings distributed 
among the 9 mating types involving A, B and O 
individuals 

It ıs seen that the two main effects, males and 
females, are not significant, but that interaction 
(between males and females) is significant at the 
l per cent level This suggests that the significant 
difference between matmg types in fertility 1s a 
property of the serological mating type and is not 
due to blood group differences among males or among 
females The biological mterpretation of this result 
18 not obvious, however, since (Table 1) the serologic- 
ally incompatible matings (those in which the husband 
has an agglutmogen lacking ın the wife) are signific- 
antly more fertile than the compatible matings 
(P < 0 025, 2 tail test) In the Japanese study? the 
reverse was true, suggesting that ABO mcompat- 
bility 1s mmportant ın Japan, but in the previous 
American study}, although significant differences 
were not found, the incompatible matings were more 
fertile It is not clear why this apparent difference 
between Japanese and American populations should 
exist The facts that (a) ABO mcompatibility 1s 
known to be a protection agamst Rh hemolytic 
disease of the newborn’ and (b) 15 per cent of the 
American couples of the present study were of the 
mcompatible mating type ¢(Rh+) x 9(Rh—), while 
almost all the Japanese couples were (Rh+) x 
(Rh +-), do not explain this difference This 15 shown 
by the fertilities of the following two types of couples 
m the present study RA compatible and ABO 
compatible, 1 7114-0 072, Rh compatible and 
ABO incompatible, 2 047 + 0 109 These means 
differ significantly at the 0 01 level 

These results will be presented in more detail 
elsewhere We wish to thank the authorities of the 
Michigan Civil Defense for permission to analyse 
these results This study was supported by grant 
AT (11-1).4085 from the United States Atomic 
Energy Commission 
1Reed, T E,and Kelly, E L, Ann Hum Genet , 22, 165 (1958) 
? Matsunaga, H,and Itoh, S , Ann Hum Genet , 22, 111 (1958) 


3 Benett, T H , and Walker, © B V, Ann Hum Genet , 20, 299 


1 Ahronheım, J H, J Amer Med Assoc , 14%, 1034 (1051), Amer 
J Chn, Path , 21, 387 (1951) 


ë Levine, P, Hum Bol , 80, 14 (1958) 
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TABULAR COMPARATIVE DATA FOR THE LOW- AND HIGH- 
TEMPERATURE STRAINS OF CHLORELLA 


By Dr CONSTANTINE SOROKIN 
Department of Botany, University of Maryland, College Park, Maryland 


HE isolation of unicellular high-temperature 
algae began in Texas in 1951! Some characteristics 

of the high-temperature strains are scattered m several 
publeations!-5 To give-a unified picture they are 
presented in Table 1 together with the unpublished 
results It cannot be too strongly emphasized that, 
for a particular strain, cell characteristics are strongly 
influenced by external conditions both prior to 
(preconditionmg) and durmg actual measurements 
With many factors affecting cellular characteristics, 
only an attempt can be made to present results 
obtained under specified conditions for two strams 
each representative of a distinct biological group of 
algae Emerson strain, representmg the group of 
low-temperature algae, and Chlorella 7-11-05, repre- 
senting the group of high-temperature algae 

A detailed description of the technique of studymg 
characteristics depicted in Table 1 has been given m 
previous publieations**5 Only a few remarks are 
m place Results of respiration and photosynthesis 
were obtamed m manometric experiments of short 
duration with cells from liquid stock cultures grown 
under constant apparently optimal growth conditions 
for each stram After a 20-min temperature adjust- 
ment period, readmgs were taken for 30 mm and 
calculated as the rates of the process per 1 hr Growth 
results were obtamed m experiments of long duration 
Inocula from the same stock cultures as used for 
manometric experiments were transferred into test- 
tubes and subjected to conditions specified in Table 1 
An extended time and several transfers were often 
required to allow cells to pass the adjustment period 
The actual measurements m individual experiments 
continued for a time sufficient for optical density of 
the algal suspension to rise from about 0 07 to 0 7 
Incandescent bulbs were used as a source of light 
in growth and photosynthesis measurements For 
both strains the iluminance m growth studies, as 
measured at the level of growth vessels, was 1,600 
ft -candles and m photosynthesis studies was about 
2,000 ft -candles 

Temperature optima for growth, indicated in Table 
l, were obtained for both strains at 1llummance above 
the hght-saturating point It should be emphas- 
ized that at lower hght mtensities the optimum 
for growth moves to lower temperatures and the 
upper limit extends to higher temperatures Tempera- 
ture optima and upper temperature limits for respira- 
tion and photosynthesis are higher m short-time 
manometric experiments than those for growth 
However, ıt could be demonstrated that the depen- 
dence of metabolic characteristics on temperature 
is a time phenomenon With the progress m mano- 
metric experiments the optima and maxima usually 
move to lower temperatures 

For endogenous respiration the importance of the 
trme factor 1s augmented by the dependence of the 
rate of the process on the amount of respirable 


material left m algal cells Even under optimal con- 


ditions the time 


falling rates 


Table 1 


TEMPERATURE CHARACTERI 


Chlorella pyrenovdosa 


course of endogenous respiration, as 
Observed m manometric experiments, 
Our attempt to obt 
endogenous respiration of cells, 
grow under optimal conditions, 
values—close to those of gluco 

Values for the rates of gluc 
synthesis and growth are 


1s described by 
am values for 
as they intensively 
produced much higher 
Se respiration 

ose respiration, photo- 
much more stable if 


STICS OF Two STRAINS oF 





Characteristic 


Unit of measurement 





(1) 


(2) 





Temperature optimum 
for 


growth 
photosynthesis 
endogenous 
respiration 
glucose respiration 


Upper temperature 
limit for 
growth 
photosynthesis 
endogenous 
respiration 
glucose respiration 


Growth rate at hight 
saturation 
at 25°C 


at 39° C 


Growth rate at half 
saturating ligat in- 
tensity 

at 25° C 


at 39° © 


Rate of apparent 
photosynthesis at 
light saturation 

at 25° © 
at 39° C 


Rate of apparent 
hotosynthesis at 
alf saturatıng light 





at 39° C 
Rate of endogenous 

respiration 

at 25° C 

at 39° C 


Rate of glucose 
respiration 


Saturating light in- 
tensity for growth 
at 25° C 
at 39° C 


Saturating light 1n- 
tensity for photo- 
synthesis 

at 25° © 
at 39° C 





deg C 


a 
ao 


deg C 





» 





number of doublings 
per day 


number of doublings 
per day 


mm ? 0;/mm ?cells/hr 


mm ? Q,/mm ° cells/hr 


mm *Q,/mm ?cells/hr 


mm ? 0,/mm ?cellg/hr 


ft -candles 


ft -candles 

















Strain of Chlorella 
Emerson | 7-11—05 
(3) (4) 
25-26 38-30 
32-36 40-42 

30 40-42 
30 40-42 
29 42 
39 45 
above 45 | above 50 
above 45 | above 50 
31 30 
— 92 
24 23 
— 70 
43 47 
rapidly 170 
declining 
32 30 
— 115 
18 20 
14 55 
45 8 
16 18 
500 500 
— 1,400 
400 500 
— 1,600 
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measured under optimal conditions for growth This 
1s true also for the high-temperature strain at 25° C 
It 15 noticed that at 25°C the rates of growth, respira- 
tion and photosynthesis are close or shghtly higher 
for Chlorella 7-11-05 than for the Emerson stram 
However, if compared at a temperature optimal for 
ther growth, the Emerson stram has about 3 
doublmgs and Chlorella 7-11-05 more than 9 doublings 
of cell material per 24-br period With further 
refining of the technique, 10 doubhngs per day are 
readily obtamable This gives an 8-fold increase of 
cell material for a 24-hr period for the Emerson 
strains and 1,000-fold mncrease for Chlorella 7-11-05 
The rate of photosynthesis m the high-temperature 
algae 1s 4 times higher at hght saturation than m 
low-temperature algae and 3 6 trmes highor at half- 
saturation For growth the corresponding figures 
are 3 and 2 9 

The greater productivity of higher-temperature 
algae in comparison with low-temperature strains 18 
due to the ability of the high-temperature algae to 
use higher temperature and illummance levels This 
18 indicated by much higher positions of hght-saturat- 
mg pomts for growth and photosynthesis in the 
higher-temperature algae The suggestion, that for 
the low-temperature strain the saturating lght 
mtensity for growth is shghtly higher than that 
for photosynthesis and for the high-temperature 
strain the relationship 1s reverse, 1s probably of 
no significance smce the determmation of hght- 
saturating intensity mvolves some degree of approx- 
imation 
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A most general characteristic of the high-tempera- 
ture algae is thew higher responsiveness to the 
merease (within limits) m temperature and m meident 
light energy In this respect they actually are higher- 
effiaency algae The term ‘efficiency’ here is an 
expression of two processes—the absorption of the 
modent energy and conversion of the absorbed energy 
mto the product which 1s used for measurmg the rate 
of the process Its pragmatic usefulness 1s based on 
the fact that ıt describes the performance of the 
organism at high levels of temperature and hght 
energy The highest levels of the meident energy 
are of utmost importance for the organism 
of high productivity capable of usmg temperatures 
and hight mtensities which are of no use if not 
harmful for the low-efficiency (low-temperature) 
strains 

The work has been supported by grants from the 
Office of Naval Research 

Many helpful contributions by Drs Jack Myers, 
Robert W Krauss and Hugh G Gauch durmg the 
course of mvestigations or in reviewing the manu- 
script are gratefully acknowledged 

Contribution No 2970, Maryland Agricultural 
Experiment Station, Scientific Article A 729 
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PHOTOCHEMICAL AND STEREOCHEMICAL PROPERTIES 
OF CAROTENOIDS AT LOW TEMPERATURES 


By STAFF OF THE BIOLOGICAL LABORATORIES OF 
HARVARD UNIVERSITY, CAMBRIDGE, MASS 


N this series of articles we report the results of 

measurements carried on in this laboratory over 
the past six years They mvolve the absorption 
spectra of carotenoids and haplo-carotenoids (vita- 
min A, retinene) at temperatures between 25° and 
— 196°C The most important single result of these 
measurements 1s to demonstrate that coolmg such 
molecules relieves certam instances of steric hindrance 
(antramolecular overciowding’)!, with large effects 
upon the absorption spectrum and other properties 

The first communication records three observations 
which, though all made with retinene, have some 
general interest — (1) the abnormally large changes 
exhibited by the absorption spectrum of a sterically 
hindered cw carotenoid on cooling , (2) the capacity 
of a carotenoid to undergo cis-trans isomerization at 
low temperatures in a rigid solvent , and (3) a more 
specific observation, a new instance of reversible 
photobleaching 

In the second communication we examine further 
the first of these phenomena, and show that the 
absorption spectra of all-trans and unhindered-cvs 
configurations of retimene, vitamin A, vitamm Ags, 
lycopene and B-carotene exhibit parallel changes on 
cooling , whereas those of sterically hindered con- 


figurations of these molecules display the abnormally 
large changes first observed with retinene alone The 
third communication discusses the significance of 
these observations 


(I) Photochemical Behaviour of Retinene 


By Dk LAWRENCE JURKOWITZ 


Iw these experiments retinene (vitamin A aldehyde, 
C,H.,CHO, Fig 1) was dissolved in the mixtures 
of ether, isopentane or isohexane (3-methyl pentane) 
and alcohol (5 5 2) called EPA and EHA? Such 
solutions were brought to temperatures close to that 
of liquid nitrogen (— 196° C), at which EPA and 
EHA become so highly viscous as to form what are 
essentially clear glasses 

The measurements were made in a Dewar flask 
designed by Dr R CO C St George, mounted in a 
special housmg which could be substituted for the 
standard cell compartment of a Beckman DU 
spectrophotometer The Dewar flask was siveied 
throughout except for a clear band at the level of 
the light path, serving as window It was made of 
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NP 1$0-a isosb neo-a 


Fig 1 Structural formula of all-trans retinene Above and below 
the formula are indicated the positions of the cw linkages in 
known geometrical isomers Unhindered isomers below 1830-4 
(9-c15), neo-a (13-c1), and 1s0-b (9,13-die1s) Sterically hindered 
isomers above neo-b (11-c1s) and neo-c (11, 18-dacu) 


‘Pyrex’ glass, and had a high transmission only for 
wave-lengths longer than about 320 mu The Dewar 
was blown in the form of an H, with two vertical 
chambers connected by a horizontal section One of 
the chambers held the absorption cell Liquid nitro- 
gen could be added from time to time through the 
other chamber without disturbmg the absorption 
vessel, and this also provided an additional store of 
the coolant, which for this reason needed to be 
replenished less often The absorption cell could be 
lowered and raised, mto and out of the light path of 
the spectrophotometer , and all measurements were 
made with the cell alternately ın these positions 
That ıs, all absorptions were measured relative to 
the absorption of the Dewar flask without the 
absorption cell in position The level of hquid nitro- 
gen was at all times below the absorption cell, and 
hence out of the path of hght A ‘blank’ correction 
was obtamed by measuring separately the absorption 
spectrum of the cell contamung solvent alone under 
the same conditions A further correction mvolves 
the contraction of the solvent at low temperatures 
EPA and BHA were observed to contract famly 
regularly on coolmg Their volume at — 190? ıs about 
0 77 of that at room temperature The temperature 
of the solution m the absorption cell was followed 
continuously with an iron-constantan thermocouple 
immersed in ıt 

Al wradiations were performed with a high- 
pressure mercury are lamp (General Electric AH5, 
250 watts) mounted so that its radiation, having 
passed through a ‘Lucite’ cell contammg a layer of 
water 2 5m thick, could be focused with a glass lens 
dnectly upon the solution m the absorption cell 
The full radiation of the arc was employed, but 
enough glass lay between the lamp and the absorp- 
tion cell to exclude wave-lengths shorter than about 
320 mp 

(1) Relief of sterio hindrance at low temperatures 
Retmene owes its absorption spectrum to the pos- 
session of five double bonds—four m the side-cham 
and one m the attached rmg—all in some degree of 
conjugation with one another and with the terminal 
carbonyl group (Fig 1) The molecule exists m a 
variety of geometric configurations—cts—trans isomers 
—the most prevalent of which have been isolated, 
and them configurations established by synthesis‘ 
These include the all-trans isomer, the relatively 
unhindered 9- and 13-monocis, and 9, 13-dzczs isomers , 
and the sterically hindered 11-cvs, and 11, 13-d«cs 
isomers (Fig 1)! The hindered 11-cvs isomer (called 
also neo-b) has a special mterest, smce this con- 
figuration of retmene and retinene, serves as the 
chromophore of all the known visual pigments? 

The absorption spectrum of all-trans retinene at 
room temperature consists of a smgle broad band, 
maximal m EPA at about 373 my. (Amax ) and with a 
molar extinction coefficient, emax, of 47,600 (Fig 2) 
Brought to about — 185°, the absorption spectrum 
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still displays no fine structure, but Amax moves 
about 14 mu toward longer wave-lengths, and emax, 
rises about 10 per cent Also the long wave-length 
toe or tail of the band is drawn m toward shorter 
wave-lengths Such changes are characteristic of 
polyenes brought to low temperatures (cf ref 6, 
also following communication) 

The same experiment performed with the sterically 
hindered 11-czs isomer yields a very different result 
(Fig 2, right) A primary consideration that governs 
the behaviour of such molecules is the degree to 
which they achieve coplanarity, that is, to which 
they succeed in lying flat Only when coplanar can, 
ther systems of alternate single and double bonds 
come into full conjugation, the condition in which 
the absorption spectium hes at longest wave-lengths, 
displays the most detailed fine structure, and has 
the largest maximal and integrated extinction Any 
loss of coplanarity—any twisting of the system— 
results m a loss of conjugation, with corresponding 
losses of extinction and fine structure, and usually 
also a shift of spectrum toward shorte wave. 
lengths 

A cw linkage at position 11, smoee ib brings mto 
conflict the H atom on carbon 10 and the —CH, 
group on carbon 13, prevents coplanarity, causing a 
twist in the molecule at this level The result (Fig 2) 
is a considerable degradation of spectrum at room 
temperature, evident maimly in the depression of 
Emax to 26,400—only 0 555 the emax of the all-trans 
isomer Amaz also hes at slightly shorter wave- 
lengths than m the all-trans isomer (at 369 my), a 
remarkably small change compared with other 
hindered cis polyenes’ 

On coohng to temperatures near that of liquid 
nitrogen, both Amax and emax change so greatly as 
to approach the values observed in all-trans retinene 
at these temperatures  Amax shifts to about 385 mu, 
and emax increases to about 43,000 (Fig 2, right) 
That 1s, whereas cooling to — 185° raises the emax of 
all-trans retinene about 10 per cent, ıt raises that of 
ll-e*s retinene 62 per cent These changes are 
entirely reversed on warming It should be noted 
that the temperature to which we have brought 
these solutions 1s arbitrary, further cooling pre- 
sumably would result m a further approximation of 
the 1l-cıs to the all-trans spectrum 

It is as though cooling to about — 185° had 
largely relieved the steric hindrance associated with 
a ces hnkago in position 11 This mterpretation of 
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Fig 2 Absorption spectra of all-trans and 11-czs_retinene, at 

room temperature and at that of liquid nitrogen Cooling raises, 

the emax of the all-trans isomer 9 per cent, and that of the hin. 
dered 11-cw isomer 62 per cent 
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$ 
Fig 3 Geometrical isomerization of retinene by light at a low 
temperature in a rigid solvent (1) Absorption spectrum of 11-cis 
retinene in ZH A at room temperature (2) Same at the tempera- 
ture of liquid nitrogen, the solvent is vitrified (8) Irradiated 
1 min in the cold (4) Returned to room temperature, in the 
dark ‘The rise of zmax 1n the cold, accentuated in the warm, 1s 
associated with the isomerization of the hindered 11-ci5 isomer to 
a steady state mixture of all possible isomers, primarily all-trans 


the observations 1s pursued further m the com- 
munication which follows 

(2) Crs—-trans isomerization Retinene ıs isomerized 
by sımple exposure to light Begmning with any 
single geometric isomer, this process ends with the 
production of a steady-state mixture of all possible 
isomers, the proportions of which vary with solvent 
and other conditions, but the major component of 
which is usually all-trans® 

It occurred to us to ask whether this process would 
be inhibited by low temperatures, perhaps because 
ib includes a thermal component?, or by bemg 
carried out m a rigid solvent, which might restrict 
the necessary rotation about double bonds It should 
be noted that geometric isomers of retmene in the 
crystallme state are not isomerized, even by long 
exposure to bright sunlight (It must be conceded 
that our expermnents to date leave ıt undecided 
whether this ıs owing to the crystalline state itself, 
or to failure of hght to penetrate the crystal The 
specific extinetion of retinene is so high that at 
(max the intensity of light is cut to 1 per cent after 
penetrating only about 0 12u of the pure substance, 
so that the interior of even a small crystal might 
scarcely be affected by even a long and intense 
irradiation. ) 

In the present experiment we used 11-czs retmene, 
which, bemg a hmdered isomer and relatively un- 
stable, isomerizes almost completely and with a 
particularly large change of extmetion®” A solution 
of ll-cs retmene m HHA was brought to about 
— 187°, and uradiated for 1 mm (Fig 3) The 
extinction rose about 16 per cont, max roemaming 
almost unchanged On warming the product to 
room temperature, these changes were magnified 
compared with the spectrum before irradiation, the 
extinction had risen 1 5 times, and Amas had shifted 
about 5 my toward longer wave-lengths, arriving close 
to the Amax of all-trans retmene These are the 
changes that characteristically accompany the isomer - 
ization of neo-b retinene to the steady state mixture 
of isomers, primarily all-trans 

All-trans 1etinene behaves very differently under 
these conditions On irradiation m HHA for 1 min 
at about — 185°, the extimction of this isomer falls 
about 2 per cent, and on re-warmmg to room tem- 


NATURE 


August 22, 1959 


VoL 184 


perature, the spectrum compaied with that before 
radiation had fallen 1 3 per cent m extinction, with 
no appreciable change in max Once agam, this 
behaviour 1s characteristic of the isomerization of the 
all-trans isomer to a mixture containing small amounts 
of cis isomers, all lower in extimction 

It may be concluded that nerther the low tem- 
perature nor a rigid solvent mhibits the geometric 
isomerization of this molecule The process appears 
to go about as well ın these circumstances as at 
room temperature Apparently the 11g:d solvent 
leaves the molecule sufficient ‘elbow room’ to allow 
free play for the rotations mvolved in geometric 
isomerization 

(3) Reversible photo-bleaching In this experiment, 
all-trans retinene m EPA was brought to the tem- 
perature of liquid nitrogen, and exposed to the full 
iadiation of the mercury arc As stated earlier, 
however, only wave-lengths longer than 320 my 
penetrated to the sample It should be noted that no 
particular precautions were taken to exclude oxygen 
or water vapour 

The effects of the irradiation are shown in Fig 4 
In 30 mm the maximum extinction, at 387 my, had 
fallen to about 60 per cent, and ın another 30 mm 
to about 20 per cent of its initial value Small new 
maxima had appeared at about 350 and 412 my 

On re-warmung this solution to room temperature, 
the absorption rose again, not indeed to its original 
height at room temperature, yet to 87 per cent of 1t , 
and Amax returned approximately to its origmal 
position Some of the fall in final extinction is 
caused by isomerization, owmg to the irradiation, 
from the all-trans configuration to the steady state 
mixture of isomers already described , the remainder 
probably mvolves some destruction of pigment 

The major change ın this experiment, however, 
was the photo-bleaching at low temperature, reversed 
(except for the concomitant isomerization) on re- 
warming to room temperature The same phenomenon 
has been observed also with all-trans retanene dıs- 
solved in HH amme (ether, 1sohexane, triethylamine, 
5 5 2) On irradiation at about — 187°, the 
extinction falls, and a new maximum develops at 
about 350 my and a mmimum at about 368 mu 
Again, on warming, these changes are largely 


Retinene in EPA 


(2) 
M all-trans -192° to - (85^ 


Molai extinction x 10-4 


(4) 
irradiated 60 min 
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Fig 4 Reversible photobleaching of retinene at low temperature 
in a rigid solvent (1) All-trans retinene in EPA at room tem- 
perature (2) Same brought to liquid nitrogen temperature 
(3) Irradiated 30 min in the cold, emax falls 40 per cent (4) Ir- 
radiated 30 min longer, ¢fmax has fallen 80 per cent (5) Re- 
warmed to room temperature in the dark Most of the original 
extinction 18 regained, what has been lostis due mainly to the 
light having isomerized the all-trans retinene to a steady state 
mixture of cvs and trans forms 
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reversed, the band at 350 my. disappearing, and the 
retinene band rismg to nearly its original height On 
the other hand, similar experments with retinene; 
dissolved m EPA and EH amine have not displayed 
photo-bleaching 

This photo-bleaching of 1etmene resembles somo- 
what, m the character of the spectral change, the 
production of a metastable (triplet ?) state in chloro- 
phyll by exposure to a brief, very intense flash of 
hght? The present product, however, appears to be 
too long-lived to represent a triplet state It may 
correspond rather to the formation of a pan of fiee 
radicals or 10ns, trapped m the rigid solvent, but able 
to recombme on warming to reconstitute normal 
retinene In this regard the reversible photo-bleaching 
of retinene may 1esemble another mode of photo- 
bleaching of chlorophyll, discovered some years ago 
by Porret and Rabmowrtch"*, yet which demanded a 
degree of exclusion of oxygen probably not achieved 
in the present experiments 


(2) Cis-trans Isomerism and Steric Hindrance 


By JOHN N. LOEB, PAUL K. BROWN 
and Pror GEORGE WALD 


Havine observed one instance m which cooling to 
the temperature of liquid nitrogen largely abolished 
the degradation of spectrum associated wath a 
sterically hindered cvs hnkage, we wished to learn 
how general this phenomenon may be, and how 
related to other aspects of molecular geometry With 
this object in view, we have exammed the spectra of 
geometrical isomers of retinene, vitamin A and A,, 
lycopene and 8-carotene at room temperature and at 
that of hquid nitrogen The procedures were as 
already deseribed, except that for the measurement 
of vitamin A we used a quartz Dewar flask and 
quartz absorption cell m place of the ‘Pyrex’ vessels 
used otherwise 

(1) Retanene The most extensive set of geometric 
isomers of known constitution now available ıs 
offered by the stereoisomeric retmenes We have 
already described the changes of spectrum on cooling 
the all-trans and the hindered 11-c1s isomer In the 
present experiments these measurements were ex- 
tended, and similar measurements performed with 
the relatively unhindered 9-c2s, 13-ces and 9,13-decrs 
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isomers (Fig 1)% These measurements are sum- 
marized in Table 1, and the changes of oxtinction 
with temperature are shown in Fig 5 

As already noted, the all-trans isomer on cooling to 
about — 185° C exhibits a displacement of Amax of 
about 14 my, toward longer wave-lengths, and a 118e 
Of emax of about 10 per cent Very nearly the same 
changes are displayed by all the unhindered cis 
isomers , so that they, together with the all-wans 
isomer, show on this degree of cooling an average 
displacement of Amar of 13 mu, and an average rise 
Of emax of 11 per cent This correspondence in 
behaviour 1s evident ın Fig 5 m the close parallelism 
of the lines describing the change of semax with tem- 
perature for these isomers 

The extraordmary behaviour of the ll-c»s isomer 
is especially evident m this context To examine 
this more closely we have measured the spectra of 
all-trans and ll-c»s retmene at intermediate tem- 
peratures between 25° and — 185°C , the variations 
Of zmax over this temperature range are included in 
Fig 5 

On cooling all-trans retmene, emax rises linearly 
over the entire iange of temperatures The 11-czs 
isomer exhibits altogethe: different behaviour  Hav- 
ing begun at room temperature far below that of any 
of the other ces isomers, the emax of ll-e:s ietinene 
rises so rapidly on cooling that by the temperature of 
liquid nitrogen ıt has become higher than that of the 
unhindered. 9,13-dzcıs isomer, and as high as those of 
the unhindered 9- and 13-monocw isomers One 
would expect that having achieved this position, 
Emax Should continue to rise at still lower tem- 
peratures im parallel with the rise of the unhindered 
cts isomers, yet this would demand a considerable 
decrease in slope, of which there is no hint in the 
data of Fig 5 Indeed, the rise of semax ın the 11-ces 
isomer proceeds in two stages, each lmear with tem- 
perature, a relatively slow change from room tem- 
perature to about — 100°, and a considerably more 
rapid further change to about — 185° The sig- 
nificance of the break in the curve and change of 
slope 18 not yet clear, but ıt makes all the more 
problematical the course of this function at still 
colder temperatures 

Incidentally, these measurements show that the 
effects of cooling are 1egular and contmuous They 
go primarily, therefore, with the change of tem- 


Table 1 EFFECTS OF COOLING UPON CAROTENOID SPECTRA 




















Room temperature — 185° to — 195° 
Ratio of emax | Shift of Amax 
7 Geometrie isomer Emax Amax Emax 7 max (cold/warm) (cold —warm) 
(x 1073) (my) (x 107-5) (my) (my) 
Retinene 
All-trans* 47 6 373 517 387 1 09 14 
9-crs 39 7 366 441 379 111 13 
13-08 38 8 366 43 5 380 ! 112 14 
9, 13-dices 35 6 360 39 9 371 111 11 
(Retinene,, all-trans) 42 0 392 45 5 409 1 09 17 
11-evs (hindered)t 20 4 369 43 0 384 5 1 63 155 
-Carotene 
All-trans} à 137 58 451 5 184 469 34 175 
15-monocs 98 3 447 140 465 1 42 18 
(Lycopene, all-trans)t 186 472 272 484 1 46 12 
11, 11'-dacts 46 2 403 184 452 5 90 49 5 
Vila A 

Scc ME | m | is | gs 
"Vitamin A, acetate, all-trans 39 5 
Neer : nm 34 3 318 48 7 332 5 42 145 














* Averages from three sets of measurements 
+ Averages from four 
ł Avelages from two 


$ For carotene and lycopene, £m» and Zmax are of the ‘middie’ maximum, that of next-to-longest wave-length 
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Retinene isomers 
52 
all-trans 
48 
44 
1. 
e 
m 
x 
g 
9 40 
3 
q 
* 
Q 
3 9,13-dicis 
'o 36 
E 
32 
!i-cis 
(hindered) 
28 
24 





—200 —100 0 
Temperature (deg C ) 


100 


Fig 5 Ruse of maximum extinction (max ) of geometric isomers 
of retinene on cooling to liquid nitrogen temperature The all- 
trang and unhindered ci isomers exhibit parallel changes, Emax 
rising on the average 11 per cent In the hindered 11-czs isomer, 
Emax Tises 1n two linear stages, a total of 62 per cent The sig- 
nificance of the break 1n the latter function 1s not known 


peratuie and not with vitrification of the solvent, 
which becomes apparent only at very low tem- 
peratures, below — 160° 

It ıs a strikmg characteristic of the 11-ces isomer 
that though its stencally hmdeed configuration 
greatly depresses emax, 1t has little effect on maxs 
which ıs displaced from the all-trans position no more 
than in other monocis configura- 
tions By the same token, cooling 
has no greater effect on the Ama, of 
the 1l-es isomer than on the 
others Furthermore, the change 
of Amax with temperature for this 
as fo. the other isomers 1s simple 
and linear, with no evidence of 
such a break as appears in the 
function for emax 

(2) B-Carotene The spectrum of 
all-trans B-carotene (Cy.H;,, Fig 6) 
exhibits three absorption maxima 
in the visible region, the central 
one of which has the highest 
extinction (Fig 7) These maxima 
constitute vibrational fine structure 
superimposed upon a broad absorp- 
tion band which represents a single 
electronic transition from the ground 
to the first electronically excited 
state On cooling to the tempera- 
ture of liquid nitrogen, the spectrum 


CH; 


H. 
CN 
C, Lj 


HC ^ SÉ 


^ 


Fig 6 
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Structures of all-trans 8-carotene and lycopene 
hydrocarbons differ mainly in that lycopene 18 straight-chain, whereas f-carotene possesses 
terminal f-10none rings 
owing to steric hindrance between the methyl groups at 1, 1’ and the H atoms at 8, 8’ 
so causing à large loss of conjugation of the ring double bonds with the straight-chain 
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as a whole ıs displaced toward longer wave-lengths, and 
the fine structure ıs greatly accentuated, five maxıma 
now being distinguishable Now also the absorption 
maximum of longest wave-length has the highest, 
extinction Ordmamly ın carotenoid spectra the 
band of next-to-longest wave-length ıs highest , 
and this maximum also can most readily be compared 
with cases in which no vibrational fine structure 
appears, the entire absorption taking the form of a 
single, broad band For these reasons our measure- 
ments are summarized ın Table 1 and Fig 8 m terms 
of the central maximum A more significant mdex 
is the area under the entire absorption band A 
comparison. on this basis 1s shown in Table 2 (below). 

On cooling to about — 185°, the central maximum 
m allirans Q-carotene is displaced about 17 my 
coward longer wave-lengths, and rises 32 per cent in 
extinction Similar measurements were made upon 
all-trans lycopene, CyoH;,, the straight-chain isomer 
of B-carotene (Fig 6) with simular results (Table 1) 
On cooling, its central maximum was transposed 
about 12 my toward longer wawve-lengths, and the 
extinction rose 46 per cent 

As an example of an unhindered monocis B-ca1otene, 
we have examined the 15,15’-monocis isomer (heie- 
after called 15-cvs), prepared synthetically"? Such a 
centially placed czs-linkage causes a maximum 
bending of the molecule, and 1s associated with a 
particularly tall ‘ces-peak’* m the near ultra-violet at 
about 340 mp The emax of 15-ces B-carotene 1s only 
71 per cent as high as that of the all-trans isomer , 
but on cooling to about — 185°, this spectrum under- 
goes parallel changes (Fig 8) Once agam dmax 18 
displaced 16 my toward longer wave-lengths, and 
zmax lises 42 per cent. As in the retinenes, coohng 
has about the same effect on the unhindered cas 
isomer as on the all-trans configuration 

15-monoces B-carotene offers a particularly good 
opportunity to examine the effects of coolmg upon a 
cis-peak At room temperature the cis-peak of this 
molecule consists of a single band, maximal at about 
335 mu in EPA, and with emax 58,500, almost 60 per 
cent as high as the mam absoiption band On 
cooling to about — 185°, the maximum moves to 
about 340 mu—a shift of about 14 mp, slightly less 
than in the main band—and emax 1ises about 9 per 
cent—very much less than in the main band This 
difference ın the effect of cooling on emax 1s probably 
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Tig 7 Absorption spectra of all-trans and 11,11'-dweis -carotene 
1n EPA at room temperature and at that of liquid nitrogen. On 
cooling, the maximal extinction of the ‘middle’ band (that of 
next-to-longest wave-length) rises 31 per cent in the all-trans 
isomer, and 188 per cent in the hindered cis isomer The spectra 
measured ın the cold display five distinct maxima, representing 
transitions from the 0 vibrational level of the ground electronic 
state to five vibrational levels a the first electronically excited 
state 


not very sigmificant , in both cases the area of the 
band remains practically unchanged (cf Table 2) 
On the whole, ıt may be concluded that the effect 
of cooling 1s much the same on the cis-peak as on 
the long-wave-length absorption 

As m the retinenes, however, a hindered cw isomer 
behaves very differently As example of such a form 
we have exammed 11,11’-deces B-carotene, prepared 
synthetieally!s This molecule contams, symmetric- 
ally placed, two hindered cw linkages like that of 
ll-cs 1etinene The absorption spectrum in the 
visible iegion is greatly degraded at room tem- 
perature, consisting of a single broad band displaymg 
no fine structure, with ema, only 33 6 per cent 
as high as that of all-trans B-carotene, and Ama, 
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Naess 
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Fig 8 Effect of cooling on the maximal extinction of geometric 

isomers of 6-carotene The emax recorded is that of the ‘middle’ 

(next-to-longest wave-length) band ‘The changes in the all-trans 

and unhindered 15 eis isomers are nearly parallel The hindered 
cis isomer exhibits a much larger change 
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displaced about 50 mu toward shorter wave-lengths 
(Fig 7) On cooling to about — 185°, this spectrum 
changes out of all proportion with the all-trans and 
15-cw isomers gmax rises 2 90 times, approaching 
close to the ema, of 15-monocts carotene (Table 1, 
Fig 8), and dmax 18 displaced 49 5 mu towards 
longer wave-lengths In addition, the spectrum in 
the cold exhibits all the fine structure characteristic 
of unhindered isomers of B-earotene As with 11-ces 
retmene, there 1s every appearance that cooling to 
this degree has almost wholly ieheved the steric 
hindrance 

(3) Vetamin A The attempt to perform similar 
measurements with vitamin A (CH 4 0H,0H) en- 
counters special difficulties These measurements 
must extend further into the ultra-violet than with 
the other polyenes , hence we transferred to a quartz 
Dewar flask and quartz absorption cel Unfor- 
tunately also, a laige solvent ‘blank’, and con- 
sequent rmpairment of the accuracy of measurement, 
develop below 330 my 

What 1s more troublesome ıs that vitamin A fluor- 
esces strongly at room temperature, and brilhantly at 
the temperature of liquid nitrogen In the Beckman 
spectrophotometer as ordmarily employed, much of 
the fluoresced hight 1s picked up by the photocell, 
and recorded as if ıt were a decrease of extinction 
The error so mtroduced 1s neghgible at 100m tem- 
peratuie, but considerable in the cold, both because 
of the increased fluorescence, and because the need 
to open the slit of the spectrophotometei widely at 
short wave-lengths greatly increases the radiation 
incident on the solution In ou first measu ements, 
having done nothmg to temper this effect, we were 
surprised to find that, unhke all the other polyenes 
measured, vitamun A appeared not to rise in extinc- 
tion on cooling In the later measurements to be 
deseribed, we imserted a Jena UG-1 filter, which 
tiansmits hght only between about 320 and 400 mu, 
between the Dewar flask contamung the absorption 
cell and the photocell, so temoving at least the visible 
fluorescence This helped somewhat to bring the 
measurements on vitamm A into line with those on 
other polyenes, but was not wholly adequate, since 
fluorescence in the near ultra-violet stil reached the 
photocell 

The absorption spectra of all-tans and 11-cw 
vitamin A, measured in HPA at room temperate 
and in the cold, are shown 1n Fig 9 The changes ın 
Ama, and extinction which occur on cooling are 
summaiized m Table 1 and Fig 10 
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Fig 9 Absorption spectra of all-trans and 11-cis vitamin A at 

room temperature and at that of liquid nitrogen Cooling raises 

émax Of the all-trans isomer 4 per cent, and that of the hindered 
€i$ isomer 42 per cent 
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Fig 10 Effects of cooling on smax of all-trans and 11-cis vitamin 
A and all-trans vitamin A, Vitamin A, fluoresces so intensely 1n 
the cold that it appears to absorb less than 1s actually the case 
The change 1n emax exhibited by vitamin A, 18 probably more 
nearly correct for both all-trans molecules The hindered co 
vitamin A, exhibits a much larger change, though here again the 
change 1s under-estimated PE of strong fluorescence in the 
co 


—200 


When the all-trans isomer is cooled, Amax 18 dıs- 
placed about 9 5 my toward longer wave-lengths 
The absorption band acquires also a degree of sym- 
metry that is lacking at room temperature, shoulders 
appearmg on each side of the maximum, reminiscent 
of the three-banded structure of the polyene hydro- 
carbons The extinetion meanwhile rises only about 
4 per cent, perhaps owing to the under-correction for 
fluoresced light already noted From this pomt of 
view some special interest 1s attached to the behaviour 
of all-trans vitamin A. which does not fluoresce 
strongly , on cooling, 1ts extinction rises 14 per cent 
(Table 1, Fig 10) 

As with the other polyenes examined, the hmdered 
11-czs isomer of vitamin A exhibits special behaviour 
Cooling this isomer shifts Amax only slightly more 
than imn all-trans vitamim A, or A», as was the case 
with the retmene isomers, but emax rises 42 per 
cent, and would probably have risen more if the 
fluorescence had been adequately controlled Where- 
as the extinction of ll-cws vitamin A ıs only 66 per 
cent of that of the all-trans isomer at room tem- 
perature, m the cold its extinction rises to 90 per 
cent of that of the all-trans isomer, with simultaneous 
development of comparable evidences of fine struc- 
ture, in the form of mflexions lymg at both sides of 
the maximum 

Conclusion This examination of the absorption 
spectra of all-trans and czs isomers of retinene, 
Q-earotene, lycopene and vitamms A and A, shows 
that whereas all-trans and unhindered cts 1somors 
exhibit parallel behaviour on cooling, sterically hm- 
dered ces isomers exhibit abnormally large changes 
of spectrum, mcluding very large increases of oxtinc- 
tion, as though cooling had largely or completely 
relieved the hmdrance 
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(3) Discussion 
By Pror GEORGE WALD 


THE unique feature of the carotenoids 1s that they 
possess conjugated systems of alternate single and 
double bonds in hnear array This arrangement not 
only lends them colour—a propeity of all extensive 
conjugated systems—but also the capacity to undergo 
large changes ın shape through ces-irans isomeriza- 
t;:0n4^ In other types of pigment, natural and 
synthetic, the conjugated systems are mamly bound 
m rings, and hence held rigidly in position Exposure 
to hght ıs one of the most general means for causing 
cts-trans isomerization, and the relatively un- 
restricted capacity of carotenoids to change their 
shape m the light 1s probably the maim reason for 
their special position m animal and plant photo- 
reception!’ 

The absorption of hght goes with the possession of 
partieularly mobile electrons, associated not with 
single atoms or bonds, but with the conjugated 
System as a whole" In valence bond theory this 
special electronic mobihty 1s embodied in the concept 
of resonance or mesomerism the molecule is 
regarded as a hybrid of all the possible electronic 
configurations that can be associated with a given 
constellation of atoms In molecular orbital theory, 
the same effect 1s achieved with the concept of over- 
lappmg zx-orbitals, occupied by electrons which 
move more or less freely through the entire conjugated 
system. 

Resonance, or the presence of x-electrons (which- 
ever semantic one prefers), lowers the energy required 
to raise an electron from the ground state to tho first 
excited state, hence poismg the absorption at 
relatively long wave-lengths, and also greatly 
increases the probability of such transitions, with a 
consequent mtensification of absorption These are 
the properties that characterize a pigment 

The spectra considered in the present experiments, 
except for a passing reference to the czs-peak of 
B-carotene, represent such tiansitions from the 
ground to the first electronically excited state Fine 
structure, when evident, 1s caused by superimposed 
changes of vibrational state (Fig 12) 

The most significant aspects of these spectra are - 
(1) Their wave-length range, a measure of the energies 
involved in the electronic transition (Fig 12), 
through the relation AH = Nhy = Nho[X = 2 854 x 
107/A, m which AZ, the energy of the transition, 1s 
expressed in gram calories per mole of quanta, and AX 
mmy (2) The width of spectrum and detail of fine 
structure In goneral, a narrow spectrum and sharp 
fine structure are signs of the simplification of 
vibrational changes Any increase in the variety of 
such changes, through the overlapping of bands, 
tends to broaden the spectrum and to wash out 
detail (3) The area under the absorption band, when 
it 18 plotted on a frequency scale (ferdy) This ıs a 
measure of the probability of the electronic trangi- 
t:0n!5 If the absorption band ıs reasonably sym- 
metrical and lacks fine structure, the product of 
emax and the half-width of the band (emax ^v) 
does nearly as well, but these conditions are not 
usually fulfilled by carotenoid spectra Emax itself, 
though frequently involved m theoretical discussions, 
has httle physical meaning, and offers only a rough 
hint of whether the band area has changed 

For conjugation to be strong, the atoms which 
compose the conjugated system must lie approx- 
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imately ma plane It ıs only then that r-orbitals 
can overlap or resonance occur! Any departure 
from coplanarity—any twisting of the system— 
mterferes with conjugation to a dogree depending 
upon the angle of twist?! The result 1s to depress 
the probability and usually to increase the energy 
of the lowest order of electronic transitions, so 
decreasmg the area of the longest wave-length 
band, and usually shiftmg ıt toward shorter wave- 
lengths 

Simple bending of the conjugated chain, even 
though imn a plane, also affects the absorption. spec- 
trum  Polyenes absorb most strongly when the 
electric vector of the hght ıs parallel with the long 
axis of the conjugated cham A polyene m the all- 
trans configuration 1s lmear (except for the regular 
zigzageing between carbon atoms) and is at its 
longest extension (Fig lla) In this state its absorp- 
tion 1s concentrated m a single electronic transition, 
and hes at relatively long wave-lengths Any bendmg 
of this structure, such as 1s caused by a cs linkage, 
shortens it, and at the same time opens & new axis 
of absorption at right angles to the mam axis (Fig 
11b) The result ıs a decrease m the area, and usually 
the height, of the mam absorption band, and the 
appearance of a new absorption band (the cts-peak), 
associated with the new absorption vector, lying at 
shorter wave-lengths and polarized at right angles to 
the mam band?! 

Mulhken’.¢has derived the approximate expression, 
Emax CCP, in which J ıs the length from tip to tip 
of the conjugated system The greatest shortening 1s 
caused by a central crs Imkage, which bends the whole 
system at an angle of about 120°, shortening xt to 
about 87 per cent (that 15, cos 30°) of rts all-trans 
length (Fig 11b) By Mulhken's formula this should 
dimmish Emax to 75 per cent of the all-trans value 
The available measurements tend to show somewhat 
larger decreases of max (compare all-trans and 15-cis 
B-earotene m Table 1) Furthermore, a cs lnkage 
anywhere in the cham shifts Amax 4-6 my toward 
shorter wave-lengths", an effect that 1s not a neces- 
sary consequence of simple bendmg m a plane 
Perhaps both departures from expectation are caused 
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Fig 11 Diagram to show the absorption vectors of such con- 
Jugated systems as are present 1n the carotenoids The conjugated 
system of an all-trans carotenoid 18 coplanar throughout and at 
its longest extension An unhindered cis linkage bends the mole- 
cule, shortening the fundamental vector, and opening a new 
absorption vector polarized at right angles to this, responsible for 
the c-peak A hindered ct linkage both bends and twists the 
molecule, resulting in absorptions corresponding not only to the 
main and eis-peak vectors, but to the ‘pat tial chromophores’ 1nto 
which the conjugated system 18 divided by the breakin coplanarity 
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Fig 12 Energy diagram of all-trans b-carotene, constructed 


from the data of Fig 7 (left) ‘These results are re-plotted on a 
frequency scale at the top of the present figure The flve maxima 
that appear in the cold represent transitions from the 0 vibrational 
level of the ground electronie state to five equally spaced vibra- 
tional levels (about 4 k cal apart) of the first electronically 
excited state The energy of the 0-0 transition 18 59 1 k cal per 
mole in the warm, and 56 5 k cal in the cold In the warm a 
few transitions go from higher vibrational levels of the ground 
state, particularly short transitions of this type, shown here 
with broken lines, are responsible for a long-wave-length tail 
on the absorption band, which 18 lost 1n the cold (This difference 
doesnoemergein the present spectra, though apparent ın general ) 
Ihe areas under the successive maxima are an index of the 
transition probabihties In both warm and cold, the 0—1 transition 
18 most probable Similar energy diagrams, differing only in 
numerical detail, can be drawn for 15-cs and (cold) 11,11’-dreas 
B-carotene, and for lycopene 


by the small twistimg that may also be associated 
with ‘unhindered’ cts Imkages (see below) On the 
other hand, as already noted, such theoretical argu- 
ments are properly pursued on the basis, not of 
zmax, but of the area of the absorption band 

In a sterically hindered cvs linkage, the overlap of 
projecting groups causes a large departure from 
coplanarity At such a pomt, as already said, tho 
conjugated system 1s both bent and twisted (Fig llc) 
The bend, as always, ıs associated with a decrease in 
the fundamental absorption, and the appearance of 
& cw-peak In addition, the twist causes a partial 
break m conjugation, which to some degree divides 
the whole system into two shorter segments— 
‘partial chromophores’ Associated with the latter 
are subsidiary bands, lymg at shorter wave-lengths 
than the fundamental band, and overlapping with 
the c»-peak, the mam band, or both, depending on 
the lengths of the segments 

It can be concluded that the absorption Spectrum 
offers a variety of indices of molecular structure 
tho linear co-ordinates of the conjugated system, its 
complexity of vibrational states, whether i$ hes bent 
or straight, whether twisted or in a plane With 
these notes as background, we may discuss the effects 
of coohng on the absorption spectia 

General effects of cooling Cooling resulted in the 
same geneial pattern of changes in all our all-trans 
and unhmdered ces carotenoids Many of these 
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Table 2 EFFECTS OF COOLING ON THE AREAS OF ABSORPTION BANDS 
Relative area 
Ratio of areas 
Carotenoid Room — 185? to (cold/warm) 
temperature — 195? 
Unhwdered, species 
Retinene, all-trans 320 317 0 99 
9-cis 306 313 102 
B-Carotene, all-trans 695 654 094 
15-monocis 404 484 0 98 
eis-peak 286 274 0 36 
Lycopene, all-trans 835 834 1 00 
Vitamin A, all-trans 293 310 106 
Vitamin Ag, all-trans 324 315 097 
Hundered species 
Retinene, 11-¢18 171 241 1 44 
Vitamin A, 11-e7s 193 264 137 
| B-Carotene, 11, 
11'-dwiws 292 529 181 | 








Relative areas, ın arbitrary units, of the fundamental absorption 
bands, plotted on a scale of molar extinction versus frequency, that 
38,fe, dv 


changes had been noted earher in studies of. diphenyl- 
polyenes* They include — (1) displacement of the 
spectrum toward longer wave-lengths, (2) ema 
rises, and the absorption band nariows, its area 
does not change (Table 2), (3) fine structure may 
appear, or be accentuated , (4) the long-wave length 
tail of the absorption band is abbreviated, so that 
usually ıt cuts off at shorter wave-lengths than in 
the warm 

These changes have à common basis, which can 
most readily be undeistood with reference to such a 
typical example as all-trans p-carotene, the energy 
diagram of which is shown in Fig 12 Above the 
energy diagram are the absorption spectra from 
which 1t was derived, the curves of Fig 7 (left) re- 
drawn on a frequency scale 

The fundamental absoipt:on band of £-carotene, 
as is apparent in the spectrum measured m the cold, 
possesses five maxima, representing transitions from 
the zero vibrational level of the ground electronic 
state to five vibrational levels of the first electronic- 
ally excited state The five absorption maxima are 
equally spaced, 1,430 em -! apart, corresponding to 
differences in the vibrational energy levels averaging 
408 kcal per mole The three peaks that appear 
in the warm clearly correspond to the first three 
peaks ın the cold spectrum, and have almost the 
same spacmg That is, ın both cold and warm, the 
first five vibiational levels of the fist excited state 
are equally spaced about 4 k cal apart 

The absorption peak of lowest frequency measures 
the energy change corresponding to the 0-0 tansi- 
tion At room temperature this peak occurs at 
20,700 em-! (AH = 59 1 kcal), m the cold ıt has 
shifted to 19,780 em-! (AE = 56 5 kcal) Thats, 
coolmg the molecule has lowered the energy of the 
first electronic excitation by 2 6 k cal , accounting for 
the displacement of the spectrum towards the red 

Though ın the cold the highest extinction appears 
in the first band (0-0 transition), if the areas under 
the vibration bands are measured, these are seen 
to be largest in both the cold and warm in the second 
(‘middle’) band (0-1 transition) Such areas are an 
index of the relative probabilities of the various 
transitions, indicated imm Fig 12 below the energy 
diagram The 0-1 transition 1s most probable at all 
temperatures 

All these featuies of the energy diagram, except 
for small numerical differences, aie shared by 15-cvs 
and 11,11/-diczs B-carotene (cold) and by lycopene 

At room temperature a small fraction of molecules 
is at higher vibrational levels of the ground state, 


NATURE 


August 22, 1959 voe. 184 


fiom which transitions to the upper state involve 
smaller increments of energy, and hence longer wave- 
lengths of absorption A few such transitions are 
shown in Fig 12 with broken lmes A scattering of 
particularly short transitions of this kind accounts 
for the long wave-length tail on the absorption band 
in the warm In the cold, vutually all transitions go 
from the zero vibrational level of the ground state, 
and this tailis lost (Our measurements on B-carotene 
do not show this difference, though I think that more 
detailed measurements would have revealed ıb It is 
apparent m many of our other spectra ) 

Why do all polyene spectra that have been exam- 
ined rise ın extinction, that ıs, sharpen in structure, 
and shift toward the red on eoolng? The shift 
towards the red, as just said, 1s an expression of the 
lowering of the transition energy between the ground 
and first excited state It may be supposed that m 
the warm, molecular motions, in part the result of 
collisions, bend and twist the conjugated system from 
moment to moment so as to produce effects that re- 
semble statistically those of cts linkages, hindered and 
unhindered In the cold and in a rigid solvent, the 
molecule is subjected to less deformation, and can 
maintain relatively undistuibed 1ts most extended 
and planar conformation Such a view rases no 
serious energetic difficulties, for the mean thermal 
kmetic energy at room temperature 1s about 0 9 
k cal per mole (3/2 RT), which 1s of about the right 
magnitude to produce the minor bendings and inter- 
ruptions of conjugation that would account for the 
displacement of spectium toward shorter wave- 
lengths and the fall of extinction. and broadening 
that we observe inthe warm The effects of warming 
can mumue those of a ces linkage only qualitatively , 
for an actual cos hnkage 1s fixed ın position in all 
molecules of one species, wheieas warming causes 
transient and fluctuatmg effects, different m all 
members of the molecular population 

It seems to me that this hypothesis involves several 
theoretical consequences that should be mentioned, 
though they do not emerge in the present measure- 
ments If it 1s true that the molecule achieves more 
perfect conjugation in the cold than m the waim, 
this should result in an meieased resonance energy, 
and a consequent lowermg of the ground state as 
well as the first excited state Furthermore, one 
should expect the area of the absorption band to be 
larger m the cold than ın the warm, just as it is 
larger in the all-trans than in c»s configurations , as 
Table 2 shows, withm the accuracy of the present 
measurements, the areas are the same at 100m tem- 
perature and in the cold Fimally, I think one should 
expect to find higher absorption in the warm in 
the ultra-violet, owmg to contributions from new 
absorption vectors and partial chromophores Perhaps 
more detailed investigation will uncover all these 
effects 

Cooling and steric hindrance It was shown above 
that sterically hindered cis carotenoids exhibit 
abnormally large changes of spectrum on cooling, as 
though lowering the temperature had relieved the 
hindrance emaz rises, and Amax shifts toward the 
red, so as to approach the properties of an 
unhindered czs molecule 

More significant than either of these effects 1s the 
behaviour of the area of the absorption band As 
shown in Table 2, though the areas of the main 
absorption bands of all-&ans and unhindered cis 
carotenoids are approximately the same m the warm 
and cold, those of 1l-czs retinene and vitamin A 
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Fig 18 Three sources of intramolecular steric hindrance en- 
countered in carotenoids (a) Hindrance between methyl groups 
on a f-10none ring and a hydrogen atom on the side-chain ‘What 
18 believed to be the prevalent s-trans orientation 18 shown here 
(b) Hindrance between H atoms at an ‘unhindered’ crs linkage 
It 1s only when H 1s given a van der Waals radius of 1 2 A that 
the overlap shown here occurs At a radius of 0 85 A or less 
there would be no hindrance (c) Hindrance between a methyl 
group and H at a hindered cts linkage Only this last type of 
hindrance appears to be appreciably reheved by cooling 


increase about 40 per cent, and that of 1l,ll'-d2e:s 
B-carotene increases Just twice as much, about 80 per 
cent, on cooling to lquid-nitrogen temperature 

Such molecules present three sources of steric 
hindrance (Fig 13) (a) overlap between the methyl 
groups on C, of the 1mg and the H atom on Cs, 
causing a twist between the ring and sde-cham??, 
(b) overlap between H atoms at an ‘unhmdered’ cs 
hnkage This 1s small, 1f it exists at all, yet 1s some- 
times held responsible for the small shifts of spectrum 
toward shorter wave-lengths and some of the decrease 
of extmetion that characterize such linkages“ , 
(c) overlap of an H atom with a methyl group at 
such hnkages as ll-cos 

Of these three types of hndianco, only one appears 
to be reheved by coolmg (a) Cooling does not change 
appreciably the hindrance between ring and side 
chain, as shown by the fact that 1t has parallel effects 
on B-carotene, which possesses two 10none rings, and 
lycopene, which has none (Tables 1 and 2) (b) Cooling 
does not 1elieve whatever overlap of H atoms may 
exist at ‘unhindered’ ew lmkages, as shown by the 
fact that 16 has parallel effects on unhindered cis and 
all-trans carotenoids (c) It can be concluded that 
cooling relieves specifically the steric hindrance at 
such lmkages as 11-ces 

What 1s the mechanism of this effect ? The geo- 
metry of molecules involves two kinds of dimension 
the distances between bonded atoms, expressed in 
the bond radn, and the distances at which non- 
bonded atoms and groups begm to repel one another, 
expressed in the van der Waals radu Instances of 
intramolecular steric hmdrance seem as though they 
should mvolve van der Waals radu These aro 
generally estimated to be about 08A larger than 
the bond radu?! ‘Yet estimates of mtramolecular 
over-crowding made on this basis tend to predict 
larger effects than are observed , and values smaller 
than the van der Waals radu, perhaps at times 
approaching the bond radu, may be more applicable 
(cf ref 24) 

I would suppose that the repulsion 1adius 1s made 
up not only of the space occupied by atomie struc- 
tures, but includes also to a degree the space swept 
out by atoms and groups m their thermal stretching, 
bending and twisting motions. In this sense the close 
approach of such groups must give rise to a soft 
rather than a hard hindrance It 1s equivalent, not 
to the contact between rigid surfaces, but rather to 
a fluctuating mterpenetration of ‘Lebensraume’, that 
involves considerable ‘give’ 

I would suppose that lowermg the temperature, 
by quieting down the thermal stretching, bending 
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and twisting motions of attached groups, effectively 
contracts ther van der Waals radu This ıs the same 
type of effect that we have already invoked with 
regard to the conjugated cham TIt 1s this effect that 
I think 1s primaaily responsible for the relef of steric 
hindrance on coolmg 

Why are hmdrances of types (a) and (b) m Fig 13 
not relieved by coolng ? 

The hindrance between the rmg and side-cham is 
probably considerably ‘harder’ than at an 1l-cs 
lnkage, because, ın the s-trans configuration shown 
m Fig 13, two methyl groups are m conflict with an 
H atom, and the rmg holds these methyl groups 
more rigidly than would a straight chain? 

The assumed hindrance between H atoms at an 
‘unhindered’ ces linkage requires further considera- 
tion Such hindrance exists if hydrogen ıs assigned 
the full van der Waals radius of 1 2A , but this 
value 1s probably too large to be applicable in tho 
present mstance ^ Braude has suggested that the 
onset of spectrally detectable effects owing io steric 
hindrance comeides better with a van der Waals 
radius of about 0 6 A for hydrogen™, even if one 
expanded this to 0 8-0 9 A , no conflict would exist 
at an unhindered ces linkage, and the problem of 
relieving 16 by cold or otherwise would not arise On 
the other hand if this ıs a source of hindrance, one 
would not expect ıt to be relieved appreciably by 
coolmg, fo: the stretchmg and bendmg energies of 
bonded hydrogen atoms are so large as scarcely to 
be activated even at room temperature? 

For this 1eason also tho relief of hmdrance on, cool- 
ing at such a Lhnkage as ll-ew cannot appreciably 
involve the H atom, and must be ascribed almost 
entirely to the contiaction of the effective van der 
Waals radius of the methyl group 

Implications and consequences The assumption 
that the effective van der Waals radu contract con- 
siderably at low temperatures can be tested further, 
and made quantitative with the help of these and 
other kinds of measurement In particular, X-ray 
crystallography at low temperatures should yield 
valuable mformation concerning the variation of van 
der Waals 1adu with temperature, and whatever 
molecular distortions accompany such changes (I 
understand that such measurements have been made 
by W N Lipscomb at Minnesota and by Fankuchen 
at Brooklyn Polytechnic Institute, both of whom 
inform me m personal communications that cooling 
seems to have only very small effects on bond radu, 
and should have its principal effects on the distances 
of intermolecular and intramolecular contact ) 

One interesting result of our observations 1s that, 
in the two mstances m which measurements were 
made at intermediate temperatures (Fig 5), emax 
rose linearly as the temperature was lowered, though 
m the case of 1l-cw retinene an abrupt change in 
slope occurred a5 about — 100°, the reason for which 
1s not known The solvent 1s still highly fluid at this 
temperature, and contmues so until below —150° 

The temperazure at which our measurements 
stopped was arbitrarily that of hquid nitrogen At 
this temperature, as already noted, ll-cis retanene 
has achieved as high an emax as an unhmdered 
mono-cis isomer ‘That is, 1b behaves as though its 
steric hindrance were entirely relieved , and judging 
from Figs 8 and 10, this must be nearly the case 
also with 11,11'-decws B-carotene and ll-ew vitamin 
A Once the hindrance 1s gone, one should expect 
any further rise of max with lowering of the tem- 
perature to have the same slope 1n all these molecules 
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The only data adequate to bear upon this point are 
those mvolving ll-ec:s retinene m Fig 5, and here 
there 1s no mdication that this expectation will be 
realized The slope of the funeuon would have to 
break very sharply to a lower value at temperatures 
just below that of hqmd nitrogen, for emax. of the 
hindered cw molecule not to rise rapidly above that 
of unhindered cvs forms, a phenomenon we would be 
hard put to explain 

From this pomt of view the band areas shown m 
Table 2 are more reassuring At — 190°, 1l-cw 
retinene has a band area still only 0 77 as great as 
that of 9-ces retmene 11,11’-drcrs B-carotene has a 
band area higher than that of 15-monocis carotene, 
as ıt should, smce two cs lnkages tend to com- 
pensate each other, bending the molecule less, and 
usually for this reason depressing the extinction less 
than one central cs hnkage!* Perhaps, therefore, as 
in other aspects of this problem, the argument 
encounters difficulties m terms of emax that are 
avoided when one considers instead the band area 

The observation that steric hmdrance is partly or 
wholly reheved at low temperatures has a curious 
consequence The twisting of the molecule occasioned 
by steric hindrance may, if sufficiently large, cause 
observable optical activity, depending upon whether 
the twist 1s to the right or the left In all but highly 
hindered molecules, smce, as noted, such hindrances 
are ‘soft’, racemization occurs rapidly at room tem- 
perature, and ordmarily the single optical 1somers 
cannot be isolated In several instances of large 
hindrance, however, racemates have been resolved, 
and the enantiomorphs are relatively stable?” Our 
observations suggest that cooling such a single 
optical isomer, by decreasing the hmdrance, might 
remove the barrier to racemization We should then 
observe the strange phenomenon of a chemical 
reaction, & racemization, activated by lowermg the 
temperature This possibility should certamly be 
examined 

Changes of absorption spectrum similar to those 
wo have observed on cooling carotenoids in solution 
are observed im the warm when these and other 
pigments are embedded m sold or quasicrystallme 
structures So, for example, spectra of the visual 
pigments—all of which are retinene-protems—exhibit 
a displacement of Amax several mp. toward the red, and 
rise of extinction, when measured in the retme or in 
suspensions of whole or fragmented outer segments 
of rods? The latter are quasi-crystallino structures, 
in the sense that many of ther molecules, mcluding 
the visual pigments themselves, are oriented relative 
to one another? Tho same relations mvolve the 
spectra of the chlorophylls measured in cells or 
chloroplast suspensions, compared with them spectra 
in solution®® ‘Tn all these cases the spectrum im cell 
particles appears to differ from that measured m 
solution ın much the same way that spectra at low 
temperatures m rigid solvents differ from those at 
room temperature Perhaps m solid structures, as m 
the cold, the quieting of thermal motions and relief 
from colhsion permit these pigments to mamtam a 
less disturbed condition of linearity and coplanarity, 
with the consequent increase of target length and 
improvement of conjugation that yield the observed 
spectral changes 

These mvestigations were supported in part by 
grants from the Rockefeller Foundation and the U 8. 
Office of Naval Research We are mdebted to Dr. 
H H Inhoffen for a gift of 15,15'-c«s B-carotene , to 
Dr O. Isler for gifts of 11,11’-decews B-carotene and 
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vitamm A, acetate; to Prof L Zechmeister for 
lycopene; to Dr. W. Oroshnik for 11l-czs vitamin A 
and retinene, and to the Organe Research Labor- 
atory of Distillation Products Industries, Rochester, 
New York, for supplies of 9-ces, 13-cxs and 9,13-dtc2s 
retinene 

(Dr Jurkowitz—now at the University of 
Chicago Chnics—performed these experiments m. the 
summer of 1955, following his first year at medical 
school Mr Loeb, now a third-year student at Har- 
vard Medical School, was an undergraduate at the 
time of these experiments (1956-57) ) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, October 19 


ILLUMINATING ENGINEERING Society (at Caxton Hall, Caxton 
Street, London, S W lat6pm-—Mr L J Davies “The Generation 
of Light” (Golden Jubilee Lecture) 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W C1), at 6pm—Prof E G Boring (Harvard University) “The 
Psychology of the History of Science” (First of three lectures on 
“The Pattern of Modern Psychology” )* 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 10 associa- 
tion with GRANADA TV NETWORK (at the Guildhall, London, E C 2), 
at 830 pm —Dr Edward R Murrow Second of the Inaugural 
Series of the Granada Lectures on the theme of “Communication in 
the Modern World" 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
A ah at 830 pm —&$ir Charles Darwin FRS ‘“Darwm the 
raveller” 


Tuesday, October 20 


UNIVERSITY COLLEGE (in the Anatomy Theatie, Gower Street, 
London, W C1), at 115 pm—Dr A W Stoner “The Differences 
between English and American Universities” * 


ROYAL INSTITUTE OF CHEMISTRY (Joint meeting with the Soury 
East ESSEX TECHNICAL COLLEGE SCIENTIFIC SOCIETY, at the South 
Hast Technical College, Longbridge Road, Dagenham, Essex), at 
On c D Chisman “The Education and Training of 

hemusts”” 


Wednesday, October 21 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W 1), at 5 30 pm—Mr K P 
Lanneau  ''Gas-solids Contacting in Fluidized Beds” 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at 1 Bird- 
cage Walk, Westminster, London, S W 1), at 6pm—Mr P Hamer 
"Present-day Feed-water Treatment for High-Pressure Boilers” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SEOTION (at King's 
College, Strand, London, W C 2), at 630 pm —Dr D D Davies 
"Recent Advances 1n Plant Biochemistry" 


Thursday, October 22 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W C 1),at115pm—Prof L § Penrose, FRS “Human 
Chromosomes” * 


PHYSICAL SOCIETY, OPTICAL GROUP (in the Science Museum Lecture 
Theatre, South Kensington, London, S W 7), at 2 pm —Discussion 
on the Stockholm Conference 


UNIVERSITY COLLEGE (in the Eugenics Theatre, Gower Street, 
London, WC1),at6pm—Dr B Cheng “Some Aspects of Space 
aw" 


ROYAL SOCIETY OF MEDICINE, EXPERIMENTAL MEDICINE AND 
THERAPEUTICS SECTION (at 1 Wimpole Street, London, W 1), at 
5 30 pm —Prof Sir Hans Krebs ‘Biochemical Aspects of Ketosis” 
(W E Dixon Memorial Lecture) 


ILLUMINATING ENGINEERING SOOIETY (at the Institution of Civil 
Engineers, Great George Street, London, SWi1) at 6 pm —Dr 
W H Glanville, FRS "Light and Road Safety” (Golden Jubilee 
Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULICS GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm — 
Discussion on “Effect of Cavitation in Hydraulic Machinery” 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W C1), at 6pm—Prof È G Boring (Harvard University) ‘The 
Genesis of Modern Psychology” (Second of three lectures on “The 
Pattern of Modern Psychology” )* 


SOCIETY OF CHEMICAL INDUSTRY (at the Royal Institution, 21 
Albemarle Street, London, W 1),at 6 80 p m —Prof H Mark (USA) 
teeta) Progress ın Polymer Chemistry” (Baekeland Memorial 

ecture 


OIL AND OOLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (joint 
meeting with the OILS AND Fars GROUP of the SOCIETY OF CHEMICAL 
INDUSTRY, at the Royal Society of Tropical Medicine and Hygiene, 
26 Portland Place, London, W 1), at 7 pm—Dr W OC Ault (Phila- 
delphia) “Polymers and Plasticisers Derived from Fats” 


Friday, October 23 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 
9 pm—Sir Norman Kippmg ‘How Can We Help Underdeveloped 
Countries ? 


Saturday, October 24 


BRITISH PSYCHOLOGICAL Society (in the Gustav Tuck Theatre 
University College, Gower Street, London, WC 1), at 235 pm — 
Prof Edwin G Boring “The Role of the Zeitgeist in the History 
of Perception” 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appointments on or 
before the dates mentioned 

RESEARCH ASSISTANT (with a special interest in electronics or 
fluid mechanics) for work in the Hydrauhes Laboratory—The Pro- 


Tenor of Cıvıl Engineering, The Queen's University, Belfast (Octo- 
er 


and positive ion bombardment—The Deputy Registrar, The Univer- 
sity, Edgbaston, Birmingham 15 (October 81) 

SENIOR LECTURER IN ELECTRICAL ENGINEERING at the University 
of Tasmania, Australia—The Secretary, Association of Universities 
h Commonwealth, 36 Gordon Square, London, W € 1 
(Australia, October 31) 

SENIOR LEOTURER (with a Special interest in ecology, plant physio- 
logy or genetics) IN AGRICULTURAL BOTANY in the Department of 
Plant Science, anterbury Agricultural College, University of New 
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MASS MEDIA OF COMMUNICATION AND SCIENTIFIC DEVELOPMENTS 


YN his Rede Lecture, “The Two Cultures and the 

Scientific Revolution", Sir Charles Snow pointed 
out that a knowledge of science among the public 
was one of four essential conditions if Britam was 
to meet the challenge of the scientific revolution and, 
by seizing the opportunities that revolution offers, 
avoid a steep decline m our standard of living This 
knowledge was necessary not only for politicians and 
administrators but also for the whole community, 
who should know enough science to have a sense of 
what the scientists are domg This mvolves, as Sir 
John Cockcroft has pomted out, a definite effort to 
remove the language barrier between the public and 
the scientist, which makes ıt difficult even for those 
who are aware that science affects the life of the 
community to understand how science works and its 
umpheations for the community Sir John thought 
that in the everyday busmess of admmustration 
scientists had mostly succeeded in their effort to 
explain their work m plam language to politicians, 
Civil servants, diplomats and busmess men, but 
this 1s only a part of the problem of communication 
It ıs no less portant that science should be better 
understood by the man in the street 

This 18 m part a problem of formal education. 
Inereasmgly i6 ıs also a matter of using effectively 
the ways of communication at our disposal, and 
this means especially the mass media of the popular 
Press, sound broadcasting and television Only if 
wide and effective use 1s made of these media can 
we hope to keep the public sufficiently mformed 
about scientific and technical advances for such dis- 
coveries to be put to either personal or public use, 
and, no less important, for the possibilities of abuse 
to be eliminated or mmimuzed Nor 15 this entirely a 
matter of appropriate techniques or of the standard 
of pubhe education We need to know much more 
about the way m which scientific information reaches 
the public and how much of it really penetrates 
to the publie consciousness , and about the general 
attztudes, or even prejudices, regarding science and 
scientists which certamly exist m the minds of the 
pubhe 

These questions have been examined m a series of 
surveys sponsored by the National Association of 
Science Writers, Inc , of the United States (Five Long- 
view Road, Port Washmgton, N Y ), and although 
the reports relate strictly to the United States, 
ther findings and conclusions are unlikely to be 
entirely mvalid m Britam The surveys pomt to 
obstacles which exist no less in Britam than in the 
United States and they suggest ways m which com- 
munication could be improved here also, and dangers 
which threaten in differmg degree rather than in 
differing kmd Moreover, while a simular survey ın 
Britain might not establish the existence of a large 
reservoir of interest 1n science reporting, with readers, 
listeners and viewers prepared to surrender other 
news and entertamment features to become better 


mformed about science, it might well disclose the 
existence of sufficient mterest to halt the present 
lowermg of standards Indeed, failure to do so 
would provide a damning mdictment of our educa- 
tional system and pomt to an early decline to a 
third- or fourth-rate power 

The first of these reports, ‘Science, the News and 
the Public’, describes a sample survey of 1,919 
American. adults, selected to represent a cross-section 
of the public, conducted by the Survey Research 
Center, University of Michigan, and also sponsored 
by New York University, to ascertam who get 
what science news, where they get ıt and what they 
think about it The second report, ‘The Public 
Impact of Science ın the Mass Media", describes a 
nation-wide survey conducted by the same Center 
and supported by a grant from the Rockefeller 
Foundation with the specific objectives of ascer- 
taming the size and composition of the major mass 
media audiences, how science news fits mto the news- 
reading patterns of the newspaper audience, and the 
conceptions and attitudes of the public relating to 
science and scientists, determming the size and 
characteristics of the science audiences of the media , 
describing the content of science news which has been 
read, heard and seen , obtamung the science audiences’ 
evaluation of the way in which science news 18 
presented , analysing the social and psychological 
factors that affect the consumption of science news , 
examining the effect of differential wording of science 
news items on the level of reader mterest, and 
estimating the distribution of science information 
among the public This survey was based on a pilot 
study m 1955 of a non-random sample of 200 
respondents ‘The third report, ‘Satellites, Science 
and the Pubhe’’, describing & national survey of the 
impact on the public of early satellite launchmgs, 1s 
a follow-up of the mam survey It was conducted a 
year later, and 1t 1s focused on the changes revealed 
m the answers to questions regarding the Earth 
satellites put before and after the launching of the 
first satellite 

The first report provides evidence that in the 
United States the mass media could reasonably 
merease the present cover of scientific developments, 
and ıt ıs argued that, with inoreasmg numbers of 
students m high school and college, many of whom 
will be studyimg science, there should be a great 
expansion in the demand for science coverage m the 
channels of popular communication Much of the 
information ın the mass media does reach the public 
mind, and on the evidence of this survey an 1mpres- 
sive amount of this science mformation is retamed 
The report once again directs attention to the room 
for mprovement in the popular reporting of scientific 
developments, but beyond the observation that 
reporters and serrpt-writers, given more traming and 
time m assignments, would be able to provide more 
details, greater background, better interpretation 
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and, possibly, higher accuracy, the report does not 
pursue this important theme It ıs conceded that 
such changes might help to correct present dis- 
tortions m the public mage of science and scientists 
and promote the idea that they are part of, not 
divorced from, contemporary Irving, but the con- 
clusion stands that science 1s not constantly covered 
in the United States and that Americans lack m- 
formation on which to decide intelhgently public 
matters involving science, scientists, and possibly 
their own existence 

These conclusions are substantially supported by 
the larger study Available evidence suggests that 
even allowing for a possible boom m science news 
stimulated by the launching of Earth satellites, the 
mass media are transmitting only a microscopic part 
of the supply of scientific mformation potentially 
available Since 76 per cent of the sample could 
recall one or more science items they had read or 
seen recently, 64 per cent recalling at least one 1tem 
from the newspapers, 34 per cent from magazires, 
13 per cent from radio and 41 per cent from tele- 
vision, ib would seem that the demand has been 
greatly under-estimated 

In the United States the mass media together cover 
all but 1 per cent of the private dwelhng umts of the 
country and at least a quarter or a third of every 
social category uses three media Papers appear to 
be the primary source of general views, and while the 
greatest change in the media used during the past 
decade has been the rapid spread of television, the 
written media have held their audiences well The 
combined science audience appears to include three 
out of four adults, and newspapers are the most 
important source of science news and radio the least 
Papers, magazines and television are mutually supple- 
mentary as sources of science news, but radio 1s weak 
both as a primary and secondary source Newspapers 
appear to take a key role m transmitting both science 
and medical news to this large science audience and 
there 1s generally a positive reaction towards science 
as 1t 18 presented in the mass media 

The report then analyses m a separate chapter 
more particularly the newspaper audience, the 
magazine, radio and television audiences being con- 
sidered m a followmg chapter While ıt 18 clear that 
science news 18 not read solely by the intellectual 
éhte, the survey suggests that reading of non- 
medical science news is associated with a cosmo- 
poltan and rather mtellectual orientation towards 
news content, while medical news tends to be read 
by those with a more personalized local pomt of 
view Education and income-levels are reflected in 
science reading of both types and also in the extent 
to which actual news items are recalled Even m the 
social categories least prone to read science news, a 
sizeable minority is reached by the presentation of 
science in the Press 

As regards magazmes, the survey pomts to a rela- 
tively élte audience compared with the other media, 
and m general magazme readers of science in the 
United States appear to be highly satisfied with the 
way their medium presents science The newspaper 18 
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the most important supplementary medium for these 
readers The radio audience of science, however, 
appears to be scanty, and although the audience is 
spread very evenly through the population, the com- 
pleteness and accuracy of science news on the radio 
receive adverse comment Agam, the newspapers 
provide much supplementary mformation for this 
group ‘Television has not yet challenged the lead of 
the newspaper, and its potentialities for the trans- 
mission of science news are regarded as largely 
unexplored, but there is evidence ın this report that 
a good deal of care will be required m developing this 
field 1f science mformation 1s to be presented without 
exaggeration and distortion 

Subsequent chapters consider briefly the forms 
and channels m which science news 1s presented m 
relation to effective presentation, but the data are 
too scanty for more than tentative evaluations of 
presentation to be made The evidence indicates 
that additional interest 1s more readily stimulated 
the more a person ıs already interested in science, 
but nevertheless more vivid or stimulatmg presenta- 
tion does affect those who are not already mterested 
or trained in science Education in science 1s, how- 
ever, important as providing both the necessary 
background and a sensitivity to scientific topics 
The evidence presented m this report fully supports 
the argument that sufficient general science should 
be a part of the education of every citizen to enable 
him or her to understand how science works, what 1t 
1s about and somethmg of its meanmg m the world 
to-day 

This factor can obviously determme attention or 
indifference to science news and the report seeks to 
analyse these motives Most of those mterviewed 
were wilhng to have other news cut to get more 
science news m the papers, but the reasons for interest 
in science most cited were fairly broad, and orienta- 
tion to science seemed to serve the broader functions 
of making sense of the world and helpmg to manage 
one’s relations to i6 This, of course, indicates the 
importance of presenting science in its context and 
not presenting pieces of information or facts m 
isolation 

Finally, the survey exammes the current attitudes 
to science and the world which go so far to determine 
the public understanding or misunderstanding of 
Science as ib 1s presented to them to-day When 
asked to strike a balance of the effects of science on 
the world the public overwhelmingly stresses the 
good effects These are seen primarily as mprove- 
ments ın health, standard of hvimg and technological 
advance, and the direct ill-effects on the world are 
seen almost entirely in terms of the destructive 
potential of nuclear energy Concern about the 
detrimental effects of science on the social order and 
the deviating traits of scientists was an underlying 
theme, and the report, besides notmg that people 
who are highly concerned about such issues are 
likely to advocate limiting scientific research, pomts 
out that in times of crisis these ambivalent attı- 
tudes could lead to a more negative picture of 
science, 
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The report on the survey of the public impact of 
early satellite launchings shows that almost half the 
adult population of the United States became aware 
of the satellites in a smgle year 90 per cent had 
heard of the satellites by mid-1958 compared with 
less than 50 per cent a year earlier Less than one- 
third of those aware of the satellites thought of them 
as having primarily an immediate scientific purpose , 
about one-fourth knew of no purpose Both aware- 
ness of the satellites and of their scientific purpose 
was related to the education, income and number of 
media used by the person, and the evaluation of 
science and scientists was overwhelmingly favourable 
in both these comparative surveys Withm the 
newspaper audience there was a moderate increase 
in readership of science 

The comparative survey provides further evidence 
that awareness of a scientific event o1 finding can be 
stimulated m all strata of the public 1f enough news 
concerning the event can be made available to the 
audience, and that 1t 1s probable the public reaction 
to a scientific event 1s largely determined by a desire 
to understand and master the world as seen by the 
individual Increase of interest ın a particular area 
of science due to a major break-through m knowledge 
or achievement is unlikely to stimulate interest ım 
other scientific areas unless the publie sees definite 
links between the areas The pattern of public 
reactions to science and scientists 1s a complex and 
pervasive phenomenon, and the generally favourable 
attitude to science and scientists 1s regarded as more 
stable than the public’s notions of the boundaries of 
scientific endeavour Science and scientific events, 
however, do not operate m a vacuum and some 
aspects of the pubhe's evaluation of science are hable 
to change It seems likely that the public 1s less 
concerned with what science i18 than with what it 
accomplishes 

These generalizations are scarcely new to the scien- 
tific writer and are indeed part of the everyday tech- 
mque of communication On the actual technique of 
communication, however, these reports throw little 
light They are of interest to British readers rather for 
the attention they direct to certain dangers as well 
as to trends and objectives in the use of mass media 
and perhaps especially to the fundamental importance 
of education They underline, indeed, the importance 
of the investigation of the educational potentialities 
of the mass media on which Mr J Trenaman has 
been engaged for the past three years with the 
support of the Nuffield Foundation, and provide 
substantial evidence that effective use cannot be 
made of the mass media, and perhaps especially of 
television, if our educational system 1s defective 
Shortcomings there wil not be remedied by the 
mass media 

Indeed, if one generalization is to be drawn from 
these reports, 16 1s that the mass media are unlikely 
to prove a reliable method of increasing the public 
understanding of science unless the mass audience 
has itself already been prepared by 1ts general formal 
education to understand what science 1s about 
and the place it takes in the world to-day Without 
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this the dangers of abuse, particularly of broad- 
casting and television, to which renewed attention 
was directed m the debate m the House of Lords on 
June 3, and by Mr H Carleton Greene, the recently 
appomted director-general of the British Broad. 
casting Corporation, m an address* to German 
business men on April 18, and by Dr M Conran ın 
his article on the Third Programme, will remain 
formidable There 1s little m the American survey 
to suggest that Field-Marshal Smuts was unduly pessi- 
mustic in regarding the disappearance of the sturdy, 
independent-minded, freedom-lovmg individual and 
his replacement by a servile, standardized, mass- 
mentality as the greatest human menace of ow time 
Indeed, ıt 1s almost mherently impossible for the mass 
media themselves to check this process Lord James 
of Rusholme in the Lords debate remarked that one 
cannot use all the techmques of mass persuasion, 
appeal consistently to the facile, the uncritical and 
the escapist, and still talk of freedom 

The debate ın the House of Lords did not resolve 
this issue It focused attention rather upon the 
question of public responsibility, and strong support 
was forthcoming for the view that television, as well 
as sound broadcastmg, should be made entuely 
responsive to the public interest and, whether m the 
public or m the private sector, subject to mpartial 
review Lord James was forthright on the importance 
of this sense of public responsibility and of television 
and broadcasting being mdependent of any political 
or commercial pressure, so that new facilities could 
be freely used and ın new ways if we are to foster 
an educated democracy, as critical, as knowledgeable 
and as free as we can make it 

There was little support ın the debate for further 
extension of television programmes but some for 
the mmprovement of programmes and for technical 
research Lord Hailsham seemed to stand alone in 
his reply for the Government in professmg satisfaction 
with the present position and no concern about the 
possibility of abuse or debasement of standards 
This was Mr Carleton Greene’s mam concern, how- 
ever, and, arguing that radio and television are too 
powerful in the potential long-term effects for their 
control to be entrusted to either politicians or busmess 
men, he pomts out that once the fairness and m- 
partiality of a broadcasting system become suspect 
its authority as a source of information 18 destroyed 
He quotes American experience to show how hable 
this ıs to happen in commercial television, and he 
suggests further that available evidence points to the 
conclusion that commercially controlled broadcasting 
tends, ın the long run, to undermine the intelligence, 
at any rate, of its constant listeners and viewers, and 
makes it more difficult for them to appreciate pro- 
grammes which demand some thought and applica- 
tion It makes them passive rather than active 

This can be particularly serious for children, and 
the possibilty is the more disturbing in that the 
American survey confirms so strongly the determming 


* Two Threats to Broadcasting Political and Commercial Control 
By H Carleton Greene Pp 8 (London British Broadcasting 
Corporation, 1959 ) 
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influence of early education brought out m Mr 
Trenaman's study The most powerful influence m 
effective communication 1s the full-time education 
received m childhood and early youth , and alike m 
resistmg the detrimental or anti-social influences of 
broadcasting or m realizing the potentialities of these 
new media for adult education this 1s the decisive 
factor It far outweighs the importance of technical 
impiovements in the use of television or sound 
broadcastmg for educational purposes, and though 
Mr Greene’s address at first sight seems to bear only 
indirectly on the American mquiry, 1t should be clear 
that any attempt to improve the use of the mass 
media to disseminate scientific mformation and 
advance the public understanding of science could 
well fail if 16 did not take account of this factor, and 
if 1$ ignored the consequences of political and sec- 
tional pressure debasmg the media 

Mr Greene does not ignore the beneficial results 
which a public service broadcasting system can bring 
and he pomts out that B B C television has, contrary 
to expectation, had in England a favourable eífect 
on reading habits rather than otherwise The use of 
radio and television in schools, however, 1s quite a 
separate issue What needs to be emphasized first 1s 
the crucial mportance of an adequate system of 
education m the schools if the level of public under- 
standing of science 1s to be raised That comes first, 
and no improvements m the techniques of presenta- 
tion and of usmg the mass media can compensate 
for shortcomings there Further, with the realization 
of the opportunities which television and also sound 
broadcasting should increasingly offer, if wisely used, 
for communieating scientific mformation, there should 
be a keen appreciation of the wreparable damage that 
can be done both to the reputation and effectiveness 
of the medium and to publie mtelligence 1f these 
media are rashly and irresponsibly used 


EGYPT AND GREECE IN MEDICAL 
HISTORY 


Ancient Egyptian and Cnidian Medicine 

The Relationship of Their Aetiological Concepts of 
Disease By Robert O Steuer and J B de CM 
Saunders Pp xu--90 (Berkeley and Los Angeles 

University of California Press , London Cambridge 
University Press, 1959 ) 22s 6d net 


£a authors of this mteresting and constructive, 
though highly specialized, book introduce the 
problem which they seek to expound by the state- 
ment that “throughout the history of medicme the 
physician has searched for a theory of disease through 
which he might organize a diversity of data and thus 
justify his practice by establishmg a scientific sys- 
tem" This is an elaborate way of saying that for 
centuries doctors have been looking for an easy way 
of practismg by rule-of-thumb Even in ancient 
Egypt this search had begun, although many medical 
historians have regarded the contribution of Egypt 
to modern medicine as negligible, because ib was 
magico-religious, and entirely devoid of any rational 
approach ‘The recent re-exammation. of the existing 
medical papyri has placed Egyptian medicine imn 
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quite a different category, and has confirmed the 
view, previously advanced with little supporting 
evidence, that the Greeks, acknowledged to be the 
first to base ther medical practice upon observation 
rather than upon theory, drew many of their ideas 
from the Egyptians The first to profit from the 
Egyptian impact was the pre-Hippocratic School of 
Cnidos (on the mainland opposite the island of Cos) 
Cnidian medicine, however, was apt to confuse 
symptoms with diseases, and 16 was not until Hippo- 
crates of Cos insisted upon the need for observation, 
and upon the importance of prognosis rather than 
diagnosis, that the great era of Greek medicine 
was maugurated 

The present work deals with the link between Egypt 
and Cmdos Both were preoccupied with the idea of 
putrefaction as a cause of disease, and with the 
means of preventing ıt The prevention of corruption 
had been carried to a fine art by those who embalmed 
the human body after death, and this process of 
mummufication was based upon the principle which 
was followed also by those who sought to heal the 
living body by gettmg rid of putrefaction withm 16 
It was alleged that disease was caused by the matera 
peccans m the fxcal content of the bowel It logically 
followed that treatment must consist of elimmating 
the noxious agent or putrefymg matter by purgatives 
or enemata 

The writers of the book under review give many 
examples of this etiological concept, culled from 
various papyri, especially the “Papyrus Anonymous 
Londimensis", besides a number of Greek writings 
Although the Cnidian notions appear to have been 
supplanted by the idea of the humours, favoured by 
Hippocrates and the Coan School, the two opmions 
were to some extent united when 1t was admitted that 
even the humours might be corrupt or putrefymg 
This idea paved the way for the doctrine of the 
ethereal ‘miasma’ as a cause of disease, an idea which 
held the field for centuries in various guises until at 
length the pathogenic nature of bacteria was demon- 
strated The relationship between the ideas of Egypt 
and those of Greece is a significant chapter in the 
history of mediemne, and Dr Steuer and Prof Saunders 
are to be congratulated on their careful and well- 
documented study of the putrefactive prmezple in 
ancient writings Besides the 55 pages of text, there 
are an appendix expounding the views of Galen on the 
matter, and another, suggesting that am-borne disease 
may have been envisaged even in ancient Egypt 
There are twelve pages of mformative notes and a 
bibhography, as well as an adequate index 

DOUGLAS GUTHRIE 


THE MOVING FRONT OF 


CARBOHYDRATES 


Advances in Carbohydrate Chemistry, Vol 13 
Edited bv Melville L Wolfrom ın association with R 
Stuart Tipson Pp x1+387 (New York Academic 
ag Inc , London: Academic Books, Ltd , 1958 ) 
88s 


OL 13 of “Advances 1n Carbohydrate Chemistry ' 

presents ten reviews on speciahzed topics of 
carbohydrate chenustry Trends of present-day 
sugar chemistry are reflected m the titles of some 
contributions and are intei woven in the text of others 
Interest m amino-sugars has grown considerably over 
the past two decades with the recognition that 
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biologically active mucopolysaccharides and muco- 
protems such as heparın, blood group specific sub- 
stances, virus hemagglutinm inhibitors and gonado- 
tropms contamed N-substituted 2-ammo-2-deoxy 
sugars Furthermore, sialic acids, contamung as 
nucleus an ammo-sugar, have established themselves 
as regular components of mucoprotems and some 
mucohpids of animal origin and as constituents of 
the membrane of certam bacteria Interest in the 
mmpact of alkali on simple sugars, oligosaccharides 
and polysaccharides has been revived by the discovery 
of enzymes catalysing aldose — ketose isomerizations, 
by the realization that the glycosides of B-hydroxy- 
aldehydes and f-hydroxyketones are sensitive to 
alkalis and by the recognition that the products of 
alkah degradation of polysaccharides afford valuable 
information as to the lmkage of the constituent units 
Finally, the problem of the conformation of the m- 
dividual sugars enters into nearly every discussion 
on the reactivity of the carbohydrate concerned 

The topic of sugar-rmg conformational analysis 
attended to m previous volumes is extended by 
F Shafizadeh to the formation and cleavage of the 
oxygen ring m sugars: Shafizadeh discusses various 
aspects of the interconversion of the cycle forms and 
acyclic forms of a sugar The inductive effect of the 
hydroxyl groups on the reactive function and the 
steric effects are well exemplified The nitrous acid 
deammation of ammo-sugars provides further proof 
of the profound effect the nature of the adjacent 
group and the configuration and conformation of the 
molecule have on the reaction A concise summary 
of the preparation and physical properties of the 
methyl ethers of p- and r-glucosamme, pD-galactos- 
amine, D-allosamine and p-altrosamme ıs provided 
by R W Jeanloz, who has made many contributions 
to this field The availability of these ethers renders 
it possible to apply the methylation procedure of 
structural analysis to oligo- and poly-saccharides 
contammg amuno-sugars 

In the chapter on sialic acids, F Zilhken and 
M W Whitehouse give a useful account of the 
composition, structure, determination and distribu- 
tion of the various sialic acids (N-acylated neuramimuic 
acids) The presentation would have gamed m appeal 
if the authors had stressed the unique arrange- 
ment of the functional groups in neuramimic acid 
(the common paient compound) and interpreted the 
remarkable properties of this group of substances on 
the basis of this arrangement — With regard to the 
linkage of sialic acid m animal mucoprotems ib is 
safe to say that the acid is mvariably found as a 
terminal unit, ib seems mmprobable that ıt serves as 
“a chemical bridge between polypeptides and poly- 
saccharides” (p 288) There ıs no evidence that 
the influenza-virus particle has any other enzymic 
activity than that of an «-neuraminidase (see p 260) 
Perhaps I may be allowed to pomt out that the 
molecular structure of neurammuic acid, proposed m 
1955, was conceived not so much on speculation as 
on the hard facts that N-acetylneuraminic acid was 
convertible under muldest alkalme conditions to 
pyrrole-2-carboxylic acid and that the same pyrrole 
was obtained by aldol condensation of p-glucosamine 
with pyruvic acid These findmgs (Nature, 176, 881 , 
1955) left no doubt on the position ın neuraminic 
acid of the key functional groups and favoured Blix’s 
(1955) rather than Zilliken's (1955) empirical formula 
of N-acetylneuramimue acid 

The Lobry de Bruyn —- van Ekenstem transforma- 
tion of sugars m all its aspects and side-reactions 
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(formation of deoxyosones) 1s very logically presented 
by J C Speck The accumulated results show that 
these transformations proceed by an enolization type 
of mechanism and that a common intermediate is 
formed m the aldose — ketose isomerization and the 
3-deoxyosone production The alkaline degradation 
of polysaccharides also begins at the reduemg end 
of the molecule with enolization and proceeds step- 
wise through the anhydroglycose cham In such a 
peeling process the reducing end group is hberated 
from the cham by ehmunation of the rest of the 
chain as a glycoxy amon The released end-group 
forms an «-dicarbony] structure which ıs rearranged by 
a Canmzzaro type of reaction to yield saccharmates 
R L Whistler and J N BeMiller have cogently 
summarized this field The reaction schemes cleaily 
indicate the dependence of the type of saccharate 
formed (ordinary, meta- or 1so-saccharmate) on the 
structure of the glycosyl units of the polysaccharide, 
Ineidentally, treatment of unsubstituted N-acetyl- 
D-glueosamine by mild alkali results ın the formation 
of D( +-)-5-dihydroxyethy1-3-acetamido-furan, and not. 
in that of glucoxazolne (p 305) The hfe-work of 
J W E Glattfeld on four-carbon saccharmic acids 
1s reviewed by J D Crum 

The story by G V Caesar of starch nitrate, the 
oldest known and industrially the most important 
starch derivative, reads like a ‘thriller’ I Goodman 
reports on glycosyl ureides and L Stoloff contributes 
a chapter on polysaccharide hydrocolloids of com- 
merce The important formazon reaction with tts 
implieations for the structure of sugar phenylhydra- 
zones and phenylosazones and with its use as a tool 
for elucidatmg the structure of polysaccharides 1s 
comprehensively described by L Mester 

It seems most appropriate that the opening chapter 
18 dedicated to the memory of Carl Neuberg, who has 
made outstanding contributions to many of the topics 
discussed m this excellent volume 

ALFRED GOTTSCHALK 


PRELUDE TO SPACE RESEARCH 


Vistas in Astronautics 

First Annual Air Force Office of Scientific Research 
Astronautics Symposium (Co-sponsored with Con- 
var Division, General Dynamics Corporation) 
Edited by Morton Alperm and Marvin Stern (Inter- 
national Series of Monographs on Aeronautical 
Sciences and Space Fight Division 7 Astronautics 
Division, Vol 1) Pp xxı+330 (London and New 
York Pergamon Press, 1958) 105s net 


N February 1957 satellites and space exploration 
I were things of the future, and the organizers of 
the Astronautics Symposrum held in that month at 
San Diego were at pams to secure serious papers on 
the subject from recognized scientists, rather than to 
encourage speculative contributions Consequently, 
the title of this book, which provides a record of the 
papers read at the Symposium, 1s slightly misleading 
most of the papers remain earthbound (1f we stretch 
this phrase to melude satellite orbits), only a few 
flutter off into the depths of space 

The book ıs divided mto six sections of roughly 
equal length The first, entitled ‘“Re-entry’’, includes 
an excellent paper by C Gazley describmg the 
deceleration and heating of a body entering a planet- 
ary atmosphere from space, and several contributions 
on the aerodynamics of re-entermg space-vehicles 
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Part 2, on “Tracking and Communication", includes 
a detailed description of the ‘Microlock’ radio instru- 
mentation system for satellites The thud section, on 
the environment of a space vehicle, has several expert 
surveys of particular topics, such as F L Whipple’s 
paper on the “Meteoric Risk to Space Vehicles" 
and H V Neher’s terse 14 pages on cosmic rays 
In Part 4 the possible propulsion systems for space 
travel are fully discussed Part 51s devoted to orbits, 
and includes a 39-page paper by H Oberth, on “A 
Precise Attitude Control for Artificial Satellites” 
Part 6 ıs entitled ‘Human Factors”, and covers 
space medicine and legal problems 

The individual papers 1 the volume differ greatly 
in ther length, tone, technicality and worth The 
book can be recommended for its many good technical 
papers, most of which have stood the test of time 
well, but there are a few half-page contributions 
which scarcely deserve permanent reproduction m 
book form, and the frontispiece, a full-page photo- 
graph of the brigadier-general commanding the Air 
Force Office of Scientific Research, seems rather out 
of place m a technical book, D, G, Kiwe-HuLE 


EXPLOSIONS IN SOLIDS 


Fast Reactions in Solids 


By F P Bowden and A D Yoffe Pp ix--164 
(London Butterworths Scientific Publications , 
New York Academic Press, Inc, 1958) 40s , 
7 dollars 


HIS book 1s a sequel to the authors’ earlier (1952) 
monograph “The Initiation and Growth of Ex- 
plosion m Liquids and Sohds" It deals with sub- 
sequent work on the same problems and more par- 
ticularly with the mechanism by which a crystalline 
explosive decomposes when subjccted to heat, ight 
shock or nuclear 1adiation Lake rts predecessor, the 
book does not attempt to give a comprehensive treat- 
ment of the whole field but rather to focus attention 
on salent developments ın the study of explosives 
and especially on those areas to which the work of 
the authors and their colleagues has contributed In 
this 1t 1s most successful and it 1s a stimulating and 
attractive volume 
Chapter 1 ıs a brief (4 pages) troduction and 
sketches the plan of the book Chapter 2, which 
gives an account (13 pages) of the slow decomposition 
of crystals, 1s based mainly on silver azide Chapter 3 
1s longer (25 pages) and more diversified Under the 
general title of thermal explosions ıt gathers a varied, 
though not always clearly organized and interrelated, 
collection of theory, simple calculation and expeu- 
ment It is an important chapter to the remamder 
of the book, for the ideas of thermal explosion theory 
outlined here are repeatedly applied in this and 
subsequent chapters The importance of a molten 
zone to reaction propagation 1s also mtroduced In 
Chapter 4, the structure and stability of the morganic 
azides are reviewed (12 pages) in terms of electron 
sharing between the metal atom and the azide group , 
this concept is one of the ımportant new pomts of 
view this book adopts Chapter 5 (31 pages) on 
initiation of explosion by shock is closest in theme 
to the previous monograph An account 18 given of 
recent work on mutiation by impaot, flying particles 
and shock waves, by friction and by ultrasonic 
vibration Mechanical mitiation is thermal in origin, 
but ‘mechanical’ factors such as the disintegration 
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of liquids and solids play a part Chapter 6 (25 pages) 
reaches a basically similar conclusion about mitiation 
of explosion by flash photolysis The azides are again 
the prmcipal subject and the concepts of Chapters 3 
and 4 are applied ın interpretation Decomposition 
and ignition by nuclear particles and high-energy 
radiations are dealt with m Chapter 7 (11 pages) 
High-energy particles provide a convenient method 
of introduemg large amounts of energy mto mole- 
cularly small regions of the crystals, and the experi- 
mental evidence so far is that the activation of a 
small number of adjacent molecules may not be 
enough to cause explosion In Chapter 8 (7 pages) 
the mysterious, spontaneous explosions which occur 
during erystalhzation of lead and mercurous azide 
are described and discussed The first part (7 pages) 
of Chapter 9 on the fast growth of explosion deals 
with thin films and the deflagrations and "low velocity 
detonations" which occur The second part (9 pages), 
which contams some very striking photographic 
records, discusses small single crystals undergomg 
explosive decomposition 

This is the arrangement of the text Each chapter 
after the first has its own ‘conclusion’ summarizing 
in broad generality the trends the authors feel 
significant and 1t 1s often helpful to read these before 
their chapters Perhaps the reader would have been 
helped still more had the principal subdivisions of 
the chapters been hsted with the contents The text 
is prefaced by a useful list of names and formule of 
most of the explosives discussed and followed by a 
set of eight appendixes which are up-to-date short 
tables of various properties There are good author 
and subject indexes 

It is not the duty of a monograph of this nature 
which concentrates on recent work in a changmg 
field to supply an extensive background , the appear- 
ance last year of M A Cook's formidable ‘Science 
of High Explosives” helps to meet this need This 
book 1s modern and rehable and the few errors other 
than trivial misprints that exist, such as the apparent 
application of le Chatelier’s prinerple to a non- 
equilibrium. process, the occasional use of ‘morganic 
compound’ where ‘ionic solid’ 1s intended and of the 
erroneous Cu,(N,), and Au (N), may arise from 
compression and from production of such an up-to- 
date monograph Above all, the experimental work 
from the authors’ laboratory has a lueid qualiby which 
permits 16 to speak for itself without laborious argu- 
ment Perhaps ‘photogenic’ is an apter word to do 
greater justice to the brillant photographs which 
have been obtained and which so admurably illustrate 
the text PETER GRAY 


Vot 184 


APPLICATIONS OF STATISTICS IN 
PHYSICS 


Statistical Physics 

By L D Landau and E M Lifshitz (Course of 
Theoretical Physics, Vol 5) Translated from the 
Russian by E Peierls and R F Peierls Pp x4- 
484 (London Pergamon Press, Ltd, 1958) 
80s net 


N abandoning the general practice of considering 
classical statistics, quantum statistics and thermo- 
dynamics as virtually separate subjects, the authors 
have produced a book ın which the three have been 
combined with considerable success Although no 
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concessions have been made to the mathematically 
under-privileged, the importance and significance of 
the underlying physical prmeiples have not been 
neglected so that the honours degree student, wrespec- 
tive of his mathematical attainment, will find much to 
stimulate his mterest ın, and to clarify his ideas on, 
this the most fundamental branch of physics 

The mitial chapters are devoted to the establish- 
ment of general principles by first laying the statistical 
foundations, then deriving the principal thermo- 
dynamic quantities and relations associated with the 
macroscopic state and finally obtaining the standard 
distribution functions, both classical and quantum 
Then follow admirable comprehensive treatments of 
particular applications to closed systems ın thermo- 
dynamic equilibrium, some examples of which are 
perfect and real gases, condensed bodies, solutions, 
chemical reactions, fluctuations and surface pheno- 
mena A chapter on the symmetry of macroscopic 
bodies could well be omitted as the treatment 1s too 
condensed for all but professional crystallographers, 
and for them ıt 1s unnecessary 

There are some weaknesses 1n the general presenta- 
tion The style 1s occasionally laboured and an 
improvement in the contmuity could be effected by 
including in the text the material added 1n numerous 
footnotes Further, 1t 1s surely unnecessary to derive 
first a dimensionless expression for entropy mto which 
later must be inserted Boltzmann’s constant Agan, 
after the excellent exposition of the basic statistical 
principles ıb is surprismg that reference should be 
made to both the specific heat and the Gibbs free 
energy per molecule Finally, the authors depart m 
several mstances from the conventional in their use 
of thermodynamic terms, im particular, by ‘‘adia- 
batic" they always mean “‘reversible adiabatic” 

H STEEPLE 


THE GREAT LAKES 


Geology of the Great Lakes 
By Prof Jack L Hough Pp xvin+313 (Urbana, 
Il University of Illinois Press, 1958 ) 8 50 dollars 


ORTY-FOUR years have passed since Leverett 
and Taylor published their classic work on the 
history of the Great Lakes During much of the last 
twenty-seven of these Prof Hough has been engaged 
on studies of the various aspects of this great group 
of land waters There bas been a growing need 
for a summary of the large amount of work that has 
been accomplished in the interval 
The book 1s divided mto two parts The first deals 
with the topography and hydrology of the present 
lakes and the deposits on their floors, as well as the 
pre-glacial and glacial history of the region in general 
terms The latter ıs mevitably a simple outline which 
forms the basis for the more important second part 
of the book 
Part 2, comprising rather more than half the book, 
deals with the history of the stages of evolution of the 
lakes as bodies of open water fluctuating m extent, 
with changes m the position of the oscillating front 
of the 1ce sheet to the north The series of outlets 
of the lakes to the Mississippi, to the Mohawk and 
Hudson valley, to Lake Erie and the St Lawrence, 
and to the St Lawrence via the north-east corner 
of Lake Huron and the Ottawa River came into action 
repeatedly The story now unfolded 1s substantially 
more complicated than the account of Leverett and 
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Taylor, and the work 1s very much better docu- 
mented, ın consequence of the research by many 
workers, including substantial contributions from the 
author himself This applies particularly to revised 
and more detailed correlation of events over the vast 
area mvolved 

Particularly noteworthy parts of the book are the 
detailed but concise critical assessments of the 
evidence on which correlation ıs based, a valuable 
correlation chart based with an absolute dating scale 
on carbon-14 measurements, and among the many 
text figures 23 diagrams, summaries of the successive 
stages in the fluctuation of the extent and outlets of 
the lakes throughout late and post-glacial time The 
large-scale southerly tilt of the area consequent on the 
isostatic rise as a result of the progressive de-glacia- 
tion of the area introduces complications in the 
history in the correlation of shore lines, and this 1s 
accentuated by the erosion of considerable lengths of 
the old beaches during later stages of the history of 
the lakes 

The author 1s to be congratulated on a major contri- 
bution to late-glacial geology of the region The text 
figures are clearly produced and there 1s an excellent 
bibhography S E HOLLINGWORTRH 


ANTING 


Phoenix Re-born 

By Dr Maurice Burton Pp 224+16 plates (Lon- 
don  Hutehmson and Co (Publishers), Ltd, 1959 ) 
25s net 


OR many years anting ın birds has held consider- 

able fasemation for students of bird behaviour 
So, too, has the mvth of the Phoenix, and when 
Maurice Burton saw a tame 100k disporting himself 
on a heap of burning straw 15 led to an association of 
ideas which was ultimately responsible for the produc- 
tion of this book After thorough exploration of the 
Pheenix legend, Burton carried out experiments with 
his tame rooks and a pet jay to determine their 
reactions to certam substances and to heat He 
also examined the hterature to see whether records 
of bird and other animal behaviour might reveal 
anting meidents which had been unidentified 
Eventually Burton reached certain conclusions which 
show a clear connexion between Herodotus’s account 
of the Phoenix and the anting of birds 

One thing 1s common to all the substances which 
cause the anting posture — thus 1s heat or the mmpres- 
sion of heat In this remarkable book Burton com- 
pares the reaction of birds to different substances, 
examines the theories of anting and comes to the 
conclusion that antimg must be regarded as a posture 
adopted in moments of unusually intense excitement 
This may be stimulated autochothonously or through 
the agency of an external stimulus produemg heat 
or the impression of heat m the mouth Ant-bathing 
and thermophily are also shown to be closely related 
to anting proper and all these are related to such 
habits as the self-anomting of hedgehogs, the effects 
of catmmt and other odorants on carnivores, as well 
as numerous idiosyncrasies of behaviour among 
individual birds and mammals, not excludmg man 
himself 

The charm of the book hes not only ın the emergence 
of a new theory to an old puzzle, the telling also 
stamps ‘‘Phcenrx re-born" as an ornithological thriller 
of outstanding interest T H Haweins 
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Introduction to Functional Analysis 
By Prof Angus E Taylor Pp xvi+423 (New 
York John Wiley and Sons, Inc , London  Chap- 
man and Hall, Ltd , 1958) 100s net 


INEAR functional analysis arose partly from 

Tülbert's theory of space of an infinity of dimen- 
sions and its axiomatic formulation by John von 
Neumann, and partly from Banach’s development of 
Fréchet’s work on abstract spaces Good recent 
books melude those by Zaanen and by Riesz and 
Nagy Prof Taylor’s introduction will not displace 
these books, but can serve as a useful survey of basic 
methods In lecture form, the material has been 
tried out on several graduate courses in the United 
States, and hence 1s particularly helpful ın the early 
chapters In the first, the algebraic formulation 1s 
kept clear of topology , linear spaces, operators and 
functionals are defined and illustrated by a wealth of 
examples of each type, so that the novice 1s gently 
helped to surmount his iitial difficulty of forming 
some concrete idea of these abstract concepts The 
second chapter 1s a reference section on topology , 
then m the third, the linear space and the topological 
space are related to provide the concept of the lmear 
topological space, again with many carefully detailed 
instances of such spaces The reader who studies 
these three chapters closely will be rewarded with a 
firm grasp of fundamentals and should then cope 
readily with the somewhat increased pace of the 
later chapters giving the general theory of lmear 
operators, spectral analysis and the standard results 
for self-adjomt, normal and unitary operators The 
old-fashioned analyst will be pleased to see contour 
integration employed in the spectral theory, a method 
much emphasized in some of Taylor's own papers 
The final chapter, on integration and lhnear func- 
tionals, 1s mtentionally only a sign-post to further 
reading m this field The book should be particularly 
valuable to those who need to get some knowledge 
of the umfymg and co-ordmatmg power of this 
potent theory without having to make a specialist’s 
study of ıt T A A BROADBENT 


The Birds of the Palearctic Fauna 

A Systematic Reference Order Passeriformes 
Dr Charles Vaurie Pp xn--762 
H F and G Witherby, Ltd , 1959) 105s 


T has been claimed that birds are systematically 

better known than any other class of animals, 
but even for the relatively familiar Palearctic region 
a new ‘base-line’ has become desirable This 1s here 
provided m respect of the passerine birds— & second 
volume is now bemg prepared to cover the rest—in 
succession to the correspondmg part of Hartert’s 
“Die Vogel der palaarktischen Fauna” of 1903-32 
Unhke Hartert, the present author does not give 
descriptions of species, but only the main points 
distinguishing one sub-specific form from another, 
synonymies are brought up to date rather than 
repeated imn full English names are given for all 
species, with the French and German equivalents 
where these exist 

The present less-rigid outlook on wmtraspecific 
systematics 1s reflected ın the emphasis placed on the 
‘chnal’ nature of much of the geographical variation, 
and previously described races which the author 
regards as mere stages on a cline or as otherwise 
unsatisfactory are relegated to the synonymy, races 
which the author accepts are graded as “well” and 
“moderately well’ differentiated but are otherwise 
given identical treatment Of special value are the 
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detailed accounts of the ranges of all forms, and 
these are usefully remforced by information about 
the habitat of each species There are also brief 
indications of extra-hmutal distribution and of the 
existence of extra-lmuital races, the latter bemg 
mentioned by name when not too numerous There 
are doubtless some pomts on which other experts 
may differ, but the volume can be welcomed as an 
up-to-date authoritative work of reference on the 
systematics and zoogeography of the palearetic 
passerine avifauna LANDSBOROUGE THOMSON 


The Open Sea—lts Natural History 

Part2 Fish and Fisheries, with Chapters on Whales, 
Turtles and Animals of the Sea Floor By Sir Alister 
Hardy (The New Naturalist a Survey of British 
Natural History ) Pp xiv+322 4-48 plates (London 

William Collins, Sons and Co, Ltd, 1959) 30s net 


HOSE who enjoyed Sir Alister Hardy’s first book 
on “The Open Sea" will also enjoy his second, 

for ıt has the same virtues it 1s written with in- 
fectious enthusiasm and with a wide knowledge of 
fish and fishermen He has sailed m both the old 
and the new Discovery, m trawlers on fishing trips 
and in fisheries research vessels of many lands, so that 
he brings a vivid sense of actuality mto his writing 

Beginning with a brief résumé of the fundamentals 
of life in the sea, the author goes on to describe what 
a fish ıs and how ıt lives and moves Then follow 
chapters on particular fish and fisheries The herrmg 
1s given pride of place with a short account of its 
history and of the research work on it might up to 
the present day After two chapters on the bottom 
fauna, we return to fishing with descriptions of 
different types of gear and chapters on plaice, 
elasmobranchs and gadoids The over-fishing problem 
18 not neglected, and indeed in many places through- 
out the book the author shows how the knowledge 
we already have could be applied to improve oi 
increase the fisheries He ends with the plea that the 
division of the North Sea mto northern and southern 
spheres of research should be abandoned in favour 
of a united effort covering the whole area 

There are chapters also on the animals of the ocean 
floor, on parasites, particularly of fish, on reptiles (not 
omitting the sea-serpent) and on marine mammals 

No attempt has been made to cover the systematics 
or physiology of fish This ıs a natural history of the 
creatures living m the open seas around Britam and 
there can be few who will read ıt without learning 
something new and interesting 

Mention must be made of the excellent illustrations 
Many of the plates are reproductions of the author's 
own delightful water colours The photographs 
many by Dr D P Wilson, are outstanding and 
nelude some wonderful shots of whales and courting 
fish S M MARSHALL 


Flora of Peru 
By Rogers McVaugh (Field Museum of Natural ` 
History Botanical Sexes, Vol 13, Part 4, No 2) 
Pp 1+-569-818 (Chicago Field Museum of Natural 
History, 1958) 3 75 dollars 


HIS part continues the Flora of Peru with the 

account of the difficult family, Myrtaceae, con- 
tributed by Prof Rogers McVaugh, of the University 
of Michigan The bulk of the species belongs to two 
large genera, Myrcia and Eugenia The authoi 1s to 
be congratulated on his carefully prepared keys and 
long specific descriptions There are no illustrations 
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SPECTROSCOPIC IDENTIFICATION OF ALPHA-EMITTING NUCLIDES 
IN BIOLOGICAL MATERIAL 


By Pror W. V. MAYNEORD, C.B.E., and C. R. HILL 


Physics Department, Institute of Cancer Research . Royal Cancer Hospital, 
London, SW 3 


I: connexion with a programme aimed at the 
identification and measurement of the radio- 
activity of the human body and its environment?-i, 
an attempt has recently been made to undertake 
spectral analysis of the alpha-activity of normal 
biological materials The most satisfactory general 
method of analysing alpha-activity 1s to measure the 
size of the individual pulses due to electrons which 
are produced when the alpha-particles are made to 
spend their full energy on ionizing a free electron gas 
In the past, attention has been directed largely to 
materials having moderately high specific activity 
and the gridded parallel plate 1on1zation chamber has 
been the instrument most commonly used*-* This 
type of chamber is not, however, suitable for the 
analysis of materials of very low activity, for which 
a large source area and a low background counting- 
rate are essential In order to provide a large source 
area, Lonati e£ al have designed an instrument in 
which the source material ıs spread on a large metal 
sheet, which 1s afterwards rolled to form the outer 
member of a cylindrical electrode system, a gnd bemg 
situated between the emitter and collector? The 
background counting-rate of their mstrument 1s still 
appreciable and due, in part at least, to the large 
areas of metal surface exposed to the counting 
volume, and to contammation on the grid wires The 
use of a cylindrical or spherical arrangement can, 
however, largely obviate the need for a grid in over- 
coming line broadening due to positive ion effect? 
and has been exploited successfully by Ghiorso in an 
early imstrument#! If, ın a gridless chamber, the 
sensitive volume 1s surrounded by material having 
very low alpha emussion, the background counting- 
rate corresponding to alpha-particle energies may be 
made very small Such an mstrument has been built 
by us at the Institute of Cancer Research Royal 
Cancer Hospital and has proved to be capable of 
analysmg the alpha-activity of a wide range of 
normal biological materials 


Description and Performance of the 
Instrument 


The instrument consists essentially of two con- 
centric cylindrical electrodes of length 598 cm and 
radu 15 and 0 2 em, respectively The material to 
be analysed 1s mounted on the metallized surface of 
a sheet of alumimized cellulose acetate, lining the 
inner surface of the outer electrode, and & potential 
of mmus 3 kV apphed relative to tbe mner, collecting 
electrode The electrode system 1s enclosed in a 
vacuum-tight steel tank contammg a mixture of 
90 per cent argon and 10 per cent methane at atmo- 
spheric pressure Under these conditions the theor- 
etical spectral line-width due to positive ion effect 1s 
210 keV at 55 MeV The Ime-width obtamed m 


practice 1$ rather greater as a result of contributions 
from amplifier noise and self-absorption in the un- 
collimated source As a result of mounting the source 
on aluminized cellulose acetate film (which itself has 
a surface emission of about 3 alpha-particles per hr 
per 1,000 cm ? compared to stamless steel 100, brass 
100, alummium 150) and of the relatively small area 
of other surfaces exposed to the counting volume, 
the background counting-rate due to surface emission 
1s only 20 counts per hr m the energy-range 4-9 MeV 
and for a useful source area of 4,000 cm 2. Due, 
however, to the presence of radon, originating, 1t 18 
believed, mamly from the surface of the pressure 
vessel (which was origmally built for another purpose 
and 1s umpossible to clean satisfactorily), the actual 
background 1s somewhat higher than the above 
figure By contmuously circulating the chamber gas 
over chaicoal cooled m a solid carbon dioxide- 
alcohol bath, the radon background, which appears 
as a three-lne spectrum of radon, radium A and 
radium C’, 1s maintained constant at 70 counts per 
hr, giving a total background of 90 counts per hr 

The ionization chamber 1s used with EKCO 1049 B 
head and main amplifiers and a CDC 100-channel 
pulse-height analyser This combmation provides 
good stability of recording and, when purity of the 
chamber gas ıs maintamed by continuously flowmg 
over calcium turnings at 350? C , overall drift can be 
kept withm 100 keV over a period of several days 


Preparation of Sources 


The sources, which normally consist of a partially 
soluble ash of uncertain chemical composition, are 
prepared by grmding (by hand or in a ball mill) 
followed by spraying ın the form of a suspension in 
water on to the cellulose acetate sheet, previously 
wetted with dilute ‘Teepol’ solution A thm layer of 
sodium silicate solution 1$ usually sprayed on top of 
the film so formed (0 03 mgm /em ? sodium silicate) 
to act as an adhesive? By this process ıt 1s possible 
to prepare sources which under a microscope appear 
to consist mamly of particles of about one micron 
diameter, spread with good uniformity 


Results 


As illustrations of the use of this technique, spectra 
obtained with our equipment are shown m Figs 1-4 

A popular breakfast cereal, stated to contain 
“100 per cent whole wheat" and having a total specific 
alpha-activity of 32 x 10-!* c per gm of ash (Fig I), 
evidently contams two long-lived alpha-emitters, 
radium-226 and thormm-228 (RdTh) and ther 
daughters Most of the radon-222 escapes from the 
ihm source and 1s removed from the system by the 
radon trap, so that 16 and 15s daughters do not appear 
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Fig 1 A breakfast food ‘100 percent whole wheat ’ Counting 
time 24 hr 
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Fig 2 Grass ash ‘Total specific alpha-activity 6 4x 107? c /gm 
Counting time 36 hr 


from the spectrum to be m equilibrium with radium- 
996 Uranium-238 and thorium-232 are absent and 
the thorium-228 must therefore be presumed to 
ongmate from radrum-228 (MsTh 1) rather than by 
metabolic uptake of the element thorum A similar 
spectrum, but showing relatively higher radium-226, 
has been obtamed for Brazil nuts, which are known 
to have very high alpha-activity’, these results 
have been published elsewhere’. 

Measurements have been made in these laboratories 
of the total alpha-activities of grass samples taken 
from various localties!*, and values found m Great 
Britam have ranged from 1 0 to 170 x 107? c per 
gm of ash Spectra of the form shown m Fig 2 
have been obtamed from all the grass samples that 
we have analysed so far, which have been collected 
from several different parts of the country It will be 
seen that this spectrum 1s of different form from that 
of Fig 1, most of the activity bemg concentrated m a 
small energy-range — While ıb 1s not possible from 
our spectral evidence alone to decide with confidence 
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whether the nuclide concerned ıs polonium-210 
(5 30 MeV ) or plutonium-238 (5 14 MeV ), evidence 
from chemical analysis and from the build-up of 
activity with tıme, after ashmg at 500° C , has estab- 
lished that the nuclide 1s, m fact, polonium-210 m 
the presence of lead-210 (RaD) From this spectrum 
we conclude that polonrum-210 accounts for some 90 
per cent of the total alpha-activity of the grass ash 

In view of the known tendency for the kidney of 
several species to take up polonium!^!5, we have 
examined the kidney of a sheep that had been 
grazed m the district from which the grass sample 
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Fig 3 Sheep’skidney Total specific alpha-activity 6 0 x 10712 
cjgm ash Counting time 48 hr 
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Fig 4 Bone of a worker exposed to the ingestion of radium and 
mesothorium Total specific alpha-activity 214 x 10-1" c /gm ash. 
Counting time 24 hr 
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of Fig. 2 was obtained. The total specific alpha- 
activity was 6-0 x 10-35 c, per gm. of ash (ash 
content of wet kidney 1-1 per cent) and the spectrum 
(Fig. 3) shows that about half the total is due to 
, thorium-228 and its daughters, an observation con- 
firmed by an independent method of estimating 
thorium series nuclides?, In addition, there is a 
single line of the same energy as that appearing in 
the grass, presumably again polonium-210. The 
presence in the kidney of thorium-228 is interesting 
m view of the absence of thorium-232 and radium-226, 





228, being afterwards transported and 
he kidney. 
ie Spectroscopy of normal human bone is beyond 
apacity of our present equipment, but inter- 
esting results may easily be obtained for the bone of 
those having radium burdens of the order of one- 
. tenth of the maximum permissible level. Fig. 4 
_ shows the spectrum of the bone of a worker who had 
been exposed to the ingestion of both radium-226 
and radium-228 and whose body burden of the former 
| isotope was estimated? at 5-9 x 10-9 c. The presence 
f radium-226 and of radium-228 with its daughters 
s clearly demonstrated. 























Potentialities of the Method 


= Tt seems clear that this type of alpha-ray analysis 
_ will prove of great value in the study of the radio- 
activity of biological materials. We are therefore 
constructing equipment that should be capable of 
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analysing, with improved resolution, the ash of most 
living tissues. 


We are greatly indebted to our colleague, Dr. R. C, 
Turner, with whom we have had many fruitful dis- 
cussions concerning the interpretation of these 
spectra. Our thanks are due to Mr. J. O. Crookall 
for the chemical evidence concerning polonium and 
to Mr. 8. P. Newbery for invaluable help with the 
electronic equipment. We are also indebted to Dr. 
U. Facchini and his colleagues of C.LS.E., Milan, 
who kindly analysed a number of samples for us in’ 


their gridded parallel plate chamber before our own 


instrument was completed. 
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THE OHIO STATE UNIVERSITY 360-FT. RADIO TELESCOPE 


By Pror. JOHN D. KRAUS 
oe Ohio State University 


OR some years mapping of the radio sky has been 
a principal activity at the Ohio State University 
"Radio Observatory. Since it was anticipated that 
this would also be the case if a larger telescope 
became available, consideration was given some 
years ago to a telescope design especially suited for 
mapping work which would provide the largest 
‘possible aperture per unit cost consistent with large 
; sky coverage. The design evolved consists of a fixed 
-Standing parabola with a flat reflector which can be 
_ tilted to deflect the celestial radiation into it. The 
general arrangement is shown in Fig. 1. Since the 
parabola is fixed and supported directly from the 
ground, a minimum of structure is required. The 
_ only moving part is the flat reflector, which is pivoted 
, 8t ground-level and is required to move through 
; only one-half of the range of declination covered. 
| Although primarily a meridian transit instrument, 
|, east-west movement of the feed antenna can provide 
a small measure of tracking in hour angle. This is 
not essential, however, in most mapping work. 


Scale Model 


'. Experimental work on the design began in 1953 
when Robert T. Nash constructed a scale model of 


the telescope, as part of his thesis work toward a 
master's degree at the Ohio State University. 'The 
parabola of the scale model measured 12 ft. in 
horizontal length while the wave-length of operation 
was 1:25 em. By scaling both the physical size and 
the wave-length in this manner, antenna patterns 
can be measured that will duplicate those of the full- 
size system!. Specifically, the system duplicated is a 
telescope with a parabola 2,000 ft. by 200 ft. operating 
at 2 metres wave-length or a telescope with a para- 
bola 700 ft. by 70 ft. operating at a wave-length of 
70 em. A photograph of the model is shown in 
Fig. 2. 

Antenna patterns measured by Nash agreed closely 
with calculated values?*. In fact, the performance 
of the model was so satisfactory that Nash used it 
as an actual radio telescope for many observations of 
the Sun and Moon at a wave-length of 1-25 em. 4, 


Construction of the Full-Size Unit 


In 1954 a request was made to the United States 
National Seience Foundation for funds to construct 
a standing parabola radio telescope with a flat 
reflector of adjustable tilt, the parabola to be 
720 ft. long by 70 ft. high. The minimum wave: 
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Fig. 1. Principle of operation of the standing parabola radio 

telescope with flat-sheet reflector, The declination angle of 

reception is changed by tilting the flat reflector while scanning 
in right ascension is accomplished by the Earth's rotation 


length of operation was to be about 70 em. and the 
dimensions were deemed sufficient to provide a 
significant full-scale test of the design. In 1956 
a grant was received from the National Science 
Foundation for half the amount requested for a 
parabola 720 ft. by 70 ft. As a result, the plans were 
modified to build the central half of the telescope so 
that the parabola would be 360 ft. long by 70 ft. 
high and the flat reflector of adjustable tilt also 
360 ft. long with the possibility that outer sections 
might be added at some future date. At the sugges- 
tion of the Radio Astronomy Panel of the National 
Science Foundation, the original plans were also 
modified to make the telescope operate at the hydro- 
gen line (21 em. wave-length). To maintain surface 
tolerances at this wave-length required a structure 
with several times as much steel as in the original 
design, with a corresponding inerease in cost. Two 
subsequent grants by the National Science Founda- 
tion in 1957 and 1958 have brought 
the total funds provided for the 
construction of the telescope close 
to 250,000 dollars. 

A sketch of the final design of 
the telescope is shown in Fig. 3. 
This sketch is substantially correct, 
the main discrepancy being that 
the actual system for elevating the 
flat reflector uses a winch arrange- 
ment instead of a hydraulic cylin- 
der as suggested in the sketch. 

The Ohio Wesleyan University 
provided a 20-acre site for the 
radio telescope situated about 4 
miles from Delaware, Ohio, and 
near the Perkins (optical) Observa- 
tory. The new radio observatory 
location is known as the Ohio 
State-Ohio Wesleyan Radio Ob- 
servatory. 

Construction on the telescope 
began in 1956 with work on the 
parabolic reflector. The mech- 
anical design of the structure has 
been the responsibility of Robert 
T. Nash and the construction also 
has been carried out under his 
supervision. The construction crew 


Fig. 2. 
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has consisted of about ten men, most of whom 
have been Ohio State University students who 
have worked on the telescope on a part-time 
basis. The parabola was completed in 1958 and 
work started on the flat reflector. A view of the 
completed parabola is shown in Fig. 4. At the 
time of writing (July) the foundations for the flat 
reflector are mostly in place and sub-assemblies 
of the steel structure nearly completed. One sec- 
tion of the flat reflector has been assembled and 
preliminary tests of the hoisting and locking system 
carried out. 


Specifications 


The parabola (360 ft. x 70 ft.) is a section ofa 
paraboloid of revolution with axis coincident with 
the ground plane and passing through the prime 
focus. The focal distance is 420 ft. The aperture area 
is 25,200 sq. ft. or about 0-6 acre. This area is equal 
to that of a circular aperture parabolic dish antenna 
nearly 180 ft. in diameter. The reflecting surface of 
the parabola consists of vertical copper-clad steel 
wires 0-081 in. in diameter spaced l in. between 
centres. The entire wire-supporting structure of the 
parabola is hung from the main parabola framework 
by adjustable brackets in order to facilitate adjust- 
ments of the parabola surface if required. The ulti- 
mate surface deviation of the parabola is expected 
to be less than 3 in. 

The flat reflector is constructed in movable units 
20 ft. wide (east-west) by 100 ft. long in the slant 
direction. Under normal loading conditions the 
maximum deflexion of this structure from a flat 
surface is expected to be of the order of } in. Such 
movable units are to be mounted with a 40-ft. spacing 
between centres. Each unit is to be equipped with 
an individual 3 h.p. electric winch and fast-acting 
pneumatically operated brake and lock. The winch 
elevates or lowers the flat reflector unit so that the 
declination may be changed at a rate of about 
5° per min. Twenty-foot beams hinged on each end 





Photo: Dept. of Photography, Ohio State University 


Photograph of scale model built to test the design. The standing parabola is at 
the right and the flat sheet reflector at the left, with the horn feed antenna at the prime 
focus just to the right of the base of the flat-sheet reflector 
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Sketch of the standing parabola radio telescope with flat-sheet reflector being 
built at the Ohio State University. The central section of the telescope, shown in heavy 
lines, is the part now under construction, with the end sections, in phantom view, 


Fig. 3. 
showing possible future additions 


will bridge the space between movable units. The 
actual reflecting surface will consist of the same type 
of wire with the same spacing as used in the parabola. 
Although each movable unit of the flat reflector is 
itself rigid, the flat reflector as a whole is non-rigid 
since the hinged connecting beams permit each unit 
to be moved a couple of degrees independently of the 
adjacent units. The surface of the flat reflector will 
be monitored with an optical telescope placed at a 
point on the axis of rotation (along the base of the 
flat reflector) west of the reflector, and units adjusted 
individually until the desired declination of all units 
is attained. 

The steel in the parabola and flat reflector has a total 
weight of about 300 tons while the concrete in all the 
foundations totals about 1,200 tons. The horizontal 
ground plane between the parabola and the flat 
reflector will consist of thin aluminium sheet a few 
thousandths of an inch in thickness, on flat ‘Poly- 
foam’ slabs floated on the surface of a water-filled 
pond. It is anticipated that the surface of this 
ground plane can be maintained flat to less than 
1 in. 

'The antenna feed system at the prime focus will be 
situated on a peninsula covered with conducting sheet 
which extends south from the base of the flat reflector 
into the pond. At the higher frequencies horn 
antennas will be used as was done with the scale 
model (see Fig. 2), while corner reflectors will be 
used at lower frequencies. It is planned to operate 
the telescope at wave-lengths from 15 cm. to 15 
metres, a range of 100 to 1. The polarization is verti- 
cal. 'The presence of the horizontal ground plane, 
which acts as an electrical image plane, reduces the 
required height of the feed antenna to one-fourth of 
the value which would be needed if no ground plane 
were present. Owing to the large horizontal dimen- 
sion of the standing parabola, the required horizontal 
dimension of the feed antenna is also small. As a 
result, the aperture blocking or area of obstruction 
presented by a single feed antenna is very small, 
amounting in a typical case to only about one-tenth 
of one per cent of the aperture of the parabola. 


NATURE 


671 


Accordingly, a multiple feed can 
A : be employed without objectionable 
blocking of the aperture to provide 
simultaneous operation over à wide 
range of wave-lengths. It may 
even be possible by means of a 
multiple feed to construct a rudi- 
mentary radio camera having as 
many picture elements as primary 
feed antennas. 

The fact that the feed point is at 
ground-level completely eliminates 
the problem of supporting the feed 
antenna and maintaining its align- 
ment, a problem present in all 
steerable telescopes. Furthermore, 
there is almost no limitation to the 
weight and complexity of the equip- 
4 ment placed at the feed point, so 
A that feed cable losses are eliminated 
| and low-noise amplifiers of the 
te d maser and parametric type can be 
used to best advantage. 
the highest frequency of 
operation (15 em. wave-length) the 
half-power beam-widths of the 
telescope antenna will be 0-1? in 
right ascension by 0-5? in de- 
clination. (Initially the beam-width in right 
ascension at 15 em. will be twice this value, since 
only the central 180 ft. of the parabola has a 
reflecting wire spacing of 1 in. and only this portion 
will be useful at 15 em. The outer portions have a 
wire spacing of 3 in. and at longer wave-lengths the 
entire parabola can be used. However, initially only 
the central 260 ft. of the flat reflector will be com- 
pleted. These modifications, which were necessitated 
by a lack of funds, will somewhat hamper initial 
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PARABOLIC 


Photo”: Dept. of Photography, Ohio State University 
Fig. 4. View of the completed 360-ft. parabola from the west 
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Fig. 5. Diagrams showing extreme positions of the flat reflector 
and corresponding wave or ray paths 


operation of the telescope, but it is hoped that these 
deficiencies can be remedied at an early date.) This 
fan beam from the antenna has the same area resolu- 
tion as a symmetrical pencil beam with a half-power 
beam-width of about 0-2°. However, the fan beam 
has the advantage over the peneil beam of reducing 
the time required for a complete scan of the sky by 
& factor of about 2-5, and also of providing twice 
the resolution in the direction in which the sky is 
scanned. A fan beam is also valuable for the reason 
that it differs in shape from the pencil beam typical 
of most steerable dish antennas. Thus, comparisons 
of source and background surveys made with beams 
of different shape are valuable in detecting spurious 
effects, since beams of different shape are, in general, 
subject to different aberrations. 

t; Although no tracking ability is required for most 
sky-mapping work, a small measure of tracking can 
be provided in the new telescope by some east-west 
movement of the feed antenna. Tests of the displace- 
ment of the feed antenna on the scale model showed 
that tracking of sources in hour angle may be possible 
for at least 10 min. in time at the highest frequency 
of operation and for more than 1 hr. at lower fre- 
quencies. With vertically polarized feed antennae 
the electric field vector is perpendicular to the 
horizontal ground plane, so that the intensity along 
he ground plane can be a maximum. Under these 
conditions the telescope is most. efficient and opera- 
tion is restricted to vertical polarization by providing 
_ only vertical wires in the reflecting surfaces of the 
standing parabola and flat reflector. 

The flat reflector is designed to tilt to angles be- 
tween. 32° and 82°, as illustrated in Fig. 5. A motion 
of the flat reflector through 50° (from 32? to 82°) 
results in à motion of the antenna beam through twice 


RADIOCARBON DATING 


ONTRIBUTIONS were made by representativos 

of each of the three laboratories in England 
which are actively engaged in radioactive dating to 
a joint session of Sections A (Physics) and H (Anthro- 
pology and Archmology) of the British Association at 
the recent meeting at York. They combined to 
provide a picture of the basis of the method and its 
limitations, the trend of future development in 
instrumentation, and the capabilities of the method 
as applied to individual problems in the late Quat- 
ernary history of the British Isles. 
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this value, or from a declination of 66° N. to 34° S. 
(total 100°). The latitude of the telescope. site is 
about 40° N. Since the galactic equator is at about. 
29° south declination, the telescope will be useful for 
studies of the region of the galactic nucleus. The fact: 
that the most northerly observable declination is 
66° (24° from the. celestial pole) reduces the sky area 
coverage only by a small amount, the unobservable: 
area being only about 6 per cent of the observable. | 
sky. Since the slant height of the flat reflector isi 
100 ft., while the parabola is 70 ft. high, the full 
aperture of the parabola can be utilized at all declina- 
tions south of 40° N. At the most northern declina- 
tion of operation (66°), the vertical height of the flat. 
refleetor will be 76 per cent of the height of the para- 
bola, reducing the useful aperture of the telescope by 
24 per cent under these conditions. n 
The primary or feed antenna radiation wil bè | 
tapered in order to reduce the minor lobes of the; | 
telescope beam pattern to a minimum. This is 
important in eliminating spurious responses or. 
ghost sources. An important characteristie of the 
design is that signal pick-up |from the ground is. 
minimized, the telescope antenna beam pattern being |. - 
always directed skyward with the parabolic and flat 
reflectors providing a measure of shielding from. 
interfering terrestrial signal sources. ae 
The fact that the main part of the telescope has 
only one moving part, the flat reflector, the position: 
of which can be accurately controlled, means that it... 
will be possible to measure positions of celestial sources’ 
to a high precision and with good repeatability. 








Conclusion 


The new Ohio State University telescope will be 
an experimental working model of the standing para- 
bola tiltable flat reflector design whieh should _ 
provide useful information for the construction of ^. 
similar telescopes of even larger size. It is hoped that 
the telescope will be completed during 1960, at which > 
time a programme of sky-mapping will be initiated - 
that will cover a wide range of frequencies. More 
detailed sky maps and more accurate spectra of ^. 
radio sources will be objectives of the surveys. Instru-. 
mentation for hydrogen line observations is also to ^. 
be installed, and observations conducted of the: 
distribution of neutral hydrogen in our galaxy. 








! Kraus, J. D., "Antennas", 485 (McGraw-Hill Book Co., Ine., New um 
York and London, 1950). 


* Nash, R. T., master's thesis, Ohio State University (1955). 


* Kraus, J. D., and Nash, R. T., Ohio State University Radio Observa- | 
tory Report No, 5 (1955). 


‘Kraus, J. D., Ko, H. C., Nash, B, T., and Stoutenberg, D. V., 
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In reviewing the basis of the method of radio- 
carbon dating, Mr. H. Barker, of the British Museum 
Research Laboratory, was concerned with the diffi- 
culties which had sometimes arisen as a result of the. 
lack of common ground between the archeologist and i 
the physicist. Lack of familiarity with statistical 
concepts and misunderstandings as to the nature of . 
radioactive decay had led to many misconceptions =. 
and the validity of the method had been questioned 
on wrong premises. The method depends on the 
fact, predicted and verified by Libby, that the radio- 
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active carbon isotope of mass 14 (known as radio- 
carbon or carbon-14) 1s bemg contmually created m 
the upper atmosphere as a result of the action of 
cosmuc rays Consequently ıb 18 distributed through- 
out the world-wide carbon-exchange reservoir which 
comprises the atmosphere, the oceans, and all plant 
and animal hfe Libby produced sound theoretical 
argument, backed by practical measurements, for 
assuming that the carbon-14 is evenly distributed 
throughout the exchange reservoir and that the level 
of radioactivity due to this cause has remained the 
same for many thousands of years This assumption 
is fundamental to radiocarbon datmg, when an 
organism dies ıt 18 cut off from the exchange reservoir, 
the possibility of ıt replenishing its carbon-14 by 
vital processes ceases, and its store of carbon-14 
dimunishes at a rate determined only by the half-life 
(about 5,600 years) One can therefore calculate the 
time which has elapsed since ıt was alive, from a 
measurement of rts residual carbon-14 activity, pro- 
vided that one can assume that its orignal activity 
was the same as that of a reference sample which has 
been recently removed from the reservoir The 
measurement 18 exceedingly difficult, and limitations 
in accuracy, imposed by statistical fluctuations in 
the measurement of radioactivity, result m an error 
term bemg associated with each radiocarbon date 
The correct interpretation of the significance of this 
error-term requires some familiarity with statistical 
concepts, and lack of appreciation of this has led to 
musunderstandings 

In the ten years which have elapsed smce Libby 
announced his first successes, there has been 
a revolution m. mstrumentation Nowadays, the 
measurement of radioactivity can be made to a much 
higher accuracy, and the question arises as to whether 
the basic assumption of the method still holds good 
at this new level of accuracy In fact, 1t seems that 
a number of munor effects can combine to limit the 
accuracy Craig showed that isotopic fractionation 
m plants can result m fluctuations of up to + 1 per 
cent m carbon-14 activity from the mean value 
This corresponds to an error of + 80 years For- 
tunately, ıt ıs possible to apply corrections for this 
effect based on mass-spectrometric measurements of 
the ratios of the other carbon isotopes m the sample 
and the standard Systematic errors, mainly due to 
differences in ‘recent’ standards, have caused diffi- 
culties in comparing results between different labor- 
atories In most cases, the errors are quite small, 
but steps are now bemg taken to eliminate these 
differences Very recently, de Vries has shown that 
the level of activity m the exchange reservoir has 
suffered cycle changes of about + l per cent durmg 
the past 500 years So far as one can see at present, 
this effect definitely lımıts the accuracy obtamable 
in dating to about 100 years 

Apart from these theoretical limitations, 1b must 
not be forgotten that the choice of sample plays an 
important part in the real accuracy obtamable The 
archeologist has to relate the death of an organism 
(which ıs what 1s actually measured) to an event in 
which he is interested The environment of the 
sample 1s not unimportant, the possibility of sample 
contamimmation must not be overlooked, and suitable 
laboratory treatment appled when necessary to 
remove contammating materials such as rootlets and 
humic acids 

Mr W J Callow, of the National Physical Labor- 
atory, also referred to the factors which lm the 
accuracy of the method, but pomted out that, 
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despite these lmuitations, the radiocarbon method 
remains a very valuable technique for chronological 
studies m archeology, geology, botany, oceanography 
and allied fields There are now nearly forty labor- 
atories distributed throughout the world which have 
been, or are, currently engaged in this form of dating 
Some time ago, ıt was realized that there was a need 
for a datmg service to be made generally available 
to workers ın Great Britam The laboratories at the 
Botany School, Cambridge, and the British Museum 
were occupied in the main with their own programmes, 
and ıt was considered appropriate that the new 
service should be set up at the National Physical 
Laboratory 

The instrumental difficulties are considerable in 
that the measurement ıs concerned with levels of 
radiocarbon concentration rangmg from one part in 
a million million down to zero In the case of recent 
carbon, this corresponds to the breakdown of about 
fifteen carbon-14 atoms per min per gm of carbon 
Detecting and recording these disintegrations requires 
special techniques due to the low energy of the beta- 
particles and the low counting-rates mvolved 

In all methods, the first process volved consists 
of converting the sample to carbon dioxide, either by 
combustion, ın the case of organic material, or by 
acid treatment, ın the case of carbonates Jn Libby's 
onginal method the carbon dioxide was reduced to 
solid carbon which had to be placed inside a counter 
because of the low beta-particle energy Due to the 
low efficiency of the counter under these conditions 
and the possibility of contammation with radioactive 
fall-out and naturally occurring radon, this technique 
has now been abandoned 

Both de Vries in Holland and Fergusson m New 
Zealand have shown that carbon dioxide itself, if 
sufficiently pure, can be used as the operatmg gas in 
a proportional counter, and this technique ıs being 
adopted at the National Physical Laboratory As 
httle as one part per million of electronegative ım- 
purity such as oxygen or oxides of mitrogen in the 
carbon dioxide can prejudice the reliable operation 
of the counter, and hence the accuracy of the 
measurement The gas preparation equipment at the 
National Physical Laboratory 1s therefore designed 
to produce carbon dioxide of an extremely high degree 
of purity. 

Carbon dioxide is not the only possible counter 
filing, methane and acetylene are m use in some 
laboratories Both mvolve rather more preparatory 
work, but they are more tolerant of the presence of 
impurities Acetylene has the advantage of having 
two atoms of carbon in its molecule, and therefore, 
under a given set of conditions, the use of ıb 
enables one to place twice as much carbon in the 
counter compared with carbon dioxide or methane 
methods 

Laquid-seintillation counting also provides a possible 
approach to the problem of measurement, but diffi- 
culties ın chemical preparation prevent its general 
adoption 

The actual measurements are complcated by the 
fact that, m normal circumstances, the background 
counting-rate of the counter would be very much 
greater than that due to the sample itself, and steps 
must be taken to reduce its value A heavy steel 
screen with walls 8m thick ıs used to elmmate the 
effect of local gamma-radiation The screen at the 
National Physical Laboratory, which 1s large enough 
to accommodate a number of counters, weighs more 
than 23 tons The penetrating meson component of 
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cosmic 1adiation, agamst which the steel screen has 
no effect, ıs cancelled out by a rng of Geiger counters 
surrounding the sample counter and connected in 
anti-comeidence Other screening precautions which 
have been shown to be advisable and which are 
meorporated m the equipment at the Laboratory 
melude & mereury shield, which reduces the back- 
ground due to traces of radioactivity ın the steel 
screen, and a layer of paraffin wax mixed with boric 
acid which reduces the component due to neutrons 
which are in turn induced 12 the screen by the action 
of the corpuscular component of cosmic radiation 
This neution flux will also ke monitored continuously 
Since accurate measurement of these very low dis- 
integration-rates necessarily takes a long time, great 
emphasis has been placed on the reliable operation of 
the associated electronic equipment The msiru- 
mentation at the National Physical Laboratory 1s 
based on the use, wherever possible, of high-stabihty 
circuits as used m computers, and of transistors 
instead of thermionic valves The equipment includes 
a comprehensive system for automatic recording, 
and a mass spectrometer has also been purchased in 
order that corrections can be applied for isotopic 
fractionation effects Thea equipment is nearmg 
completion and should be m operation m the near 
future 

Dr H Godwin described how the method 1s being 
used m the Cambridge Sub-department of Quaternary 
Research to grve an absolute time-scale to the history 
of events during the Late Quaternary period, that 1s, 
the past 35,000 years or so The apparatus, designed 
and bult by Dr E H Wilhs, consists of a propor- 
tional gas counter of about 2-htres volume It 15 
shielded by 7 tons of zme and lead and an anti 
comeidence array of Geiger tubes It has a net con- 
temporary count-rate of 28 counts per mm and a 
steady background of 207 The equipment was 
acquired as a result of the generosity of the Nuffield 
Foundation, but is now ma:ntamed by the University 
of Cambridge 

The oldest sample dated so far was from the 
Arctic Plant Bed from the Lea Valley This gives a 
date of 26,000 no for the time when the mammoth 
was still alive m Britain A date from a later horizon 
in the valley of the Colne, a tributary of the Lea, 
shows that the full Glacial Period must have per- 
sisted until c 11,500 Bc After the glaciation, there 
came a period of climatic oscillation, the so-called. 
Allerød Period The effects of this change can be 
recognized m deposits at rumerous sites throughout 
the British Isles Carbon datmg on material from 
such sites shows that there was a temporary mild 
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period between 10,000 and 8,800 BC, followed by a 
return of cold for about 500 years ‘These British 
dates aro in excellent agreement with dates from 
north-west Europe As a result, British events are 
now closely tied up with events at the end of the 1ce 
age in Europe 

Followmg the  Allered oscillation came the 
climatic 1mprovement of the Post Glacial Period In 
the past, pollen analysis has provided a ielative 
time-scale for this period smce the characteristic 
changes in forest composition have permitted the 
establishment of a sequence of pollen zones applic- 
able, with care, to the whole of the British Isles A 
series of twelve datings from a site ın Cumberland 
gives a very consistent series of dates for the suc- 
cessive pollen zones It remains to be seen how far 
these pollen boundaries are truly synchronous across 
the British Isles or Western Europe 

The mereased temperature at the end of the last 
glaciation caused melting of the ice sheets and a 
rapid rise in ocean-level One effect of this was the 
flooding of the North Sea and the isolation of 
Britam from the European mainland Dates measured 
in Cambridge on submerged peat-beds from around 
the coast of Bııtaın, together with those made at 
other laboratories, show that a rapid eustatic 118e of 
sea-level was m progress between 12,000 and 4,000 
sc and that the level rose by more than 200 ft 

In the derelict raised bogs of Somerset, several 
prehistoric wooden trackways have been recorded 
and excavated They appear to have been built in 
the late Bronze Age at a time when increasing wet- 
ness of climate mduced flooding of bogs and valleys 
and caused Bronze Age man to construct these 
wooden causeways Radiocarbon datmg of seven 
such structures in Somerset and three others m 
Lancashire, Cambridgeshire and Lincolnshire show 
that they were built m the period 500-900 5 c 

The picture which emerged from this discussion 1s 
a very hopeful one for the future of radiocarbon 
dating in Britain Although the method has certain 
lumitations, the work described by Dr Godwin 
illustrates its great value as a tool for establishing 
an absolute chronological framework to prehistoric 
events, and the news that Britam’s present limited 
capacity for radiocarbon dating 1s to be augmented 
by the considerable resources of the National Physical 
Laboratory will be welcomed m many quarters 
The dates mentioned in the discussion appear m a 
paper in the American Jownal of Science Radio- 
carbon Supplement, Vol 1 (1959), the new inter- 
national organ for the publication of radiocarbon. 
dates HAROLD BARKER 


MECHANISM OF HORMONE ACTION 
By Pror AARON B LERNER 


Section of Dermatology, Department of Medicine, Yale University School of Medicine, New Haven, Conn 


ELLS have specific functions, for example, 

adrenal cortical cells produce hydrocortisone, 
nerve cells form noradrenaline, melanocytes make 
melanin  Durmg their early development cells have 
m common the capacity ta produce substances such 
as glycogen and protem The formation of all these 
end-products depends upon the reaction of specific 
enzymes with their substrates Such enzymucally 


catalysed syntheses usually occur in soluble extracts 
and homogenates which do not contain intact cells 
The formation of cellular end-products also 1s con- 
trolled by hormones that require a high degree of 
cellular organization m order to function Although 
the synthesis of a cell’s products 1s regulated by both 
enzymic and hormonal reactions, these reactions are 
noo related directly to one another The hormones 
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dark by melanin. Hence, these par- 
ticles are readily visible. Of course, 
it cannot be assumed that a hor- 
mone like adrenocorticotrophie hor- 
mone acts on the melanocyte in the 
same way as it does on the fibro- 
blast. Nevertheless, the studies with 
melanocytes are reasonably clear- 
cut and must be acknowledged. 
Perhaps at a later date techniques 
will be made available to facilitate 
similar observations on other cells. 

Melanocytes resemble nerve cells. 
Embryologically they are derived 
from the neural crest. The pig- 
ment melanin is made in the 
cytoplasm of the melanocyte by the 
reaction of tyrosine with oxygen 
and tyrosinase. Ordinarily this re- 
action occurs on cytoplasmic par- 
ticles that contain not only tyros- 
inase activity but that of other 
enzymes as well. For example, the 
tyrosinase particles from mouse 
melanoma also possess cytochrome 


a b oxidase and succinic dehydrogenase 
Fig. 1. The pigment granules in a frog's melanocyte can be dispersed throughout the activities. The melanin formed is 
cell as shown above (a, x e. 320; b, x c. 720) by keeping the cell in solutions of either normally attached to these per- 

low osmotic activity, low pH or relatively high potassium and low sodium jon concen- H M AEC tie 
tration. a- and f- melanocyte-stimulating hormone and adrenocorticotrophic hormone ticles—thus the particles are visible. 
and caffeine also caused dispersion of granules, While these physical and chemical factors These particles are called melanin 

produce the same end effect, namely dispersion of granules within the cell, they do so x 
through different mechanisms (see Figs. 3 and 4), At x 720 magnification the melanin granules or pigment granules and 
granules are seen easily are considered to be mitochondrial 
structures!, 

react with the intact cell to initiate a series of It is easy to show that some physical and chemical 


reactions, none of which need be enzymic, that factors induce clumping of melanin granules about 
result in a re-location of enzymically active particles. the centre of the cell while others cause dispersion of 
Afterwards, the enzymic reactions concerned with these granules in the cytoplasm away from the centre 


the formation of various cell pro- 
ducts also are affected. The 
nature of the first reaction of the 
hormone with the cell is still 
unknown. It may involve a 
specific interaction between the 
hormone, cytoplasmic structural 
proteins, ions and water to change 
the colloidal state of parts of the 
cell. 

In this article I wish to show 
that the melanin pigment forming 
cell, the melanocyte, must be 
intact if hormones are to affect 
the rate of melanin synthesis. 
Tnitially, hormones do not affect 
the tyrosinase-catalysed conversion 
of tyrosine to melanin. Instead 
they produce a change in the 
location of enzymically active par- 
ticles which is followed by a 
change in the rate of enzymic 
reactions forming melanin. If 
hormones were added to tissue 
extracts without intact cells, no 
effect on melanin synthesis would 
be observed. A similar mechanism 
may apply to the action of hor- 
mones on cells other than melano- 
cytes. 

What makes the melanocyte a 
unique cell in which to study the 
action of hormones is that it 
contains enzymic particles made 





Fig. 2. The pigment cell above is the same kind as that in Fig. 1 except that the cyto- 
plasmic granules are aggregated about the nucleus instead of dispersed throughout the 
cell (a, x e. 320; b, x e. 720). The outer borders of the cell, although not shown in this 
preparation, are the same as in Fig. 1. Aggregation of granules can be induced by placing 
the cell in solutions of either high osmotic activity, high pH or relatively low potassium 
and high sodium ion concentration. Melatonin, adrenaline, noradrenaline, acetylcholine, 
hydrocortisone, serotonin and triiodothyronine also produce aggregation of granules. 
As in the case of dispersion of pigment granules, aggregation is caused by many factors, 
all of which produce the same end result ue operate through different means (see Figs. 3 
and 4) 
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of the cell. When frog melanocytes 
are placed in solutions of low 
osmotic activity or low pH, the 
granules  disperse*. A similar 
effect is achieved by changing the 
cations in the solution from sodium 
to potassium. A substance like 
adenosine triphosphate, which may 
not even enter the cell, also eauses 
dispersion of the granules. Experi- 
ments with frog and fish melano- 
cytes indicate that for the disper- 
sion effect to occur the cytoplasm 
changes from a gel to a sol and 
oxygen is utilized. One of the 
most surprising findings associated 
with this reversible dispersion re- 
action is that minute quantities 
of certain hormones can bring it 
about. The melanocyte-stimulat- 
ing hormones from hog pituitary 
gland, «- and f-hormones, produce 
darkening in concentrations of 
1x10: M and 2x10 M, 
respectively*. Hog adrenocor- 
ticotrophie hormone is effective 
at 3x10 M. These three 
peptides have related amino-acid 
sequences in their structure’. Other 
dispersing agents include proges- 
terone, caffeine, marsilid and mesan- 
toin, However, when compared 
with «- and §-melanocyte-stimu- 
tating hormones and adrenocortico- 
trophie hormone, huge quantities 
are required. Melanocyte-stimu- 
lating hormone in high concen- 
trations has no effeet on the tyrosine-tyrosinase 
reaction in vitro. 

Aggregation of pigment granules in frog melano- 
cytes occurs in solutions of high osmotic activity or 
high pH. Replacing potassium by sodium ions in the 
solution results in a similar effect. Results of work 
on frog and fish indicate that for the aggregation 
reaction to occur the cytoplasm must change from a 
sol to a gel. Oxygen is not required, Potent aggre- 
gating agents for frog melanocytes include melatonin, 
noradrenaline, adrenaline, acetylcholine, hydro- 
cortisone, triiodothyronine and serotonin’.’, The 
molar concentrations of these hormones required for 
the reaction to occur are 5 x 10-?, 6 x 10-7, 6 x 1077, 
4x107, 6 x 1077, 8x107 and 3 x 1076, respectively”. 

What happens to the melanocyte when the 
granules are kept in the dispersed or aggregated 
state? In the case of melanocytes from hamster 
melanoma, injection of melanocyte-stimulating hor- 
mone into the animal results in an increase in melanin 
content of the tumour whereas injection of melatonin 
results in a decrease in melanin content. Also, 
injection of melatonin into frogs results in decreased 
melanin in the skin*. Thus in this case, by dispersing 
tyrosinase, melanocyte-stimulating hormone can 
bring about more melanin formation. Melatonin, on 
the other hand, presumably by aggregating the 
tyrosinase-containing particles, decreases the forma- 
tion of melanin. In both cases the effect of the 
hormones on melanin formation is indirect, operating 
through their influence on tyrosinase location and 
activity. The activity of the enzyme could well be 
related to its location within the cell. As suggested 
earlier, the direct reaction between a hormone and 
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However, the action of melatonin and hydrocortisone is not the same, 
acts for only a period of several minutes whereas melatonin has a prolonged action 
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MELATONIN 
HYDROCORTISONE 
ACETYLCHOLINE 
TRIIODOTHYRONINE 
ADRENALINE | 





blocked by 
ergotomine 


ADRENALINE 
SEROTONIN 


Fig.3. a- and g-melanocyte-stimulating hormone and adrenocorticotrophic hormone can 


igment granules in the melanocyte. This action can be reversed by 


undslisted above. The action of adrenaline, noradrenaline and serotonin 
but not that of the other aggregating agents can be blocked by ergotamine 





ADRENALINE 
SEROTONIN 


Fig.4. Caffeine, like a- and /-melanocyte-stimulating hormones and adrenocorticotrophie 
hormone, causes dispersion of granules in the melanocytes. 
reversed by melatonin, adrenaline, noradrenaline and serotonin but not by triiodothy- 
ronine, acetylcholine or hydrocortisone, 
serotonin but not that of melatonin and hydrocortisone can be reversed by ergotamine. 
Melatonin and hydrocortisone are the only substances known that not only cause aggre- 
gation of granules in cells previously darkened by a- and $-melanocyte-stimulating hormone, 


However, this effect is 


The action of adrenaline, noradrenaline and 


hormone or caffeine but also cannot be blocked by ergotamine. 
Hydrocortisone 


the melanocyte may involve only a relatively specific 
reaction between hormone, cytoplasmic structural 
proteins, ions and water to change the colloidal state 
of parts of the cell'^. This change in colloidal state 
eventually would affect the tyrosine-tyrosinase 
reaction. 

'The question arises as to whether or not the effect 
of hormones on the movement of cytoplasmic par- 
ticles is peculiar to melanocytes or occurs in other 
cells as well. In this regard it is of interest that 
adrenocorticotrophic hormone, cortisone and hydro- 
cortisone affect the structure of mast cells'', The 
latter become vacuolated, diminish in size and acquire 
irregular outlines. Cytoplasmic granules clump 
together to form aggregates. Cortisone and hydro- 
cortisone induce the formation of cytoplasmic 
vacuoles in fibroblasts grown in tissue culture. 
Hydrocortisone also reduces the amount of collagen 
formed in cultures of fibroblasts. 

What I want to emphasize here is that the ex- 
periments with melanocytes ‘prove’ that the intact 
cell is necessary for the action of a hormone, when 
action is used in the sense of controlling the end 
function for which the cell is known, for example, 
melanin formation in the case of the melanocyte. To 
change the rate of melanin formation the hormone 
exerts an indirect effect on the tyrosine-tyrosinase 
reaction. It is not possible to demonstrate a direct 
hormonal effect on this reaction. This situation is 
somewhat analogous to some of the old problems of 
mathematies. For years attempts had been made to 
trisect an angle or square a circle with only a pencil, 
straight edge and compass, or to find a formula to 
solve equations of the 5th order. However, in fairly 
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recent times it has been shown clearly that these 
problems cannot be solved m a strict sense Only 
approximations are possible In biology, unlike 
mathematics, clear-cut proofs are hard to come by 
But the experments carried out by many investi- 
gators suggest the conclusion that ıt 1s essential for 
the cell or organized cell unit to be mtact m order 
that a hormone may exert its effect 


(a) Woods, M. W , and Hunter,J C ,' Pigment Cell Biology", 455 
(Academic Press, N Y , 1959) (b) Hochstein, P , ibid , 455 
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THE NUCLEAR-POWERED SHIP, SAVANNAH i 


SE marme world has become accustomed to 
the reality of nuclear-powered ships through the 
widely publicized performances of the American sub- 
marines Nautilus and Skate and the budding of the 
Russian icebreaker Lenin These are specialist craft 
in which the economics, conveniences and safety 
precautions pertinent to merchant shipping play no 
part To test the possibilities of the appheation of 
nuclear power to a vessel normally cam ying passengers 
and a mixed cargo the nuclear-powered ship Savannah, 
named after the first steamship to cross the Atlantic, 
is now being built by the New York Shipbuildmg 
Corporation for the US Atomic Energy Commussion 
and the US Department of Commerce Sho is 
specifically designed as a test ship, to obtam ım- 
formation on practical construction and operating 
technology, though ıt ıs realized that at the present 
stage the ship ıs not an economie proposition 

The Savannah ıs of 22,000 tons displacement when 
loaded, nearly 600 ft m overall length, and draws 
29 5 ft , she has a cargo capacity of 10,000 tons, 
carries 60 passengers, a crew of 110, can cruise at 21 
knots, and is expected to be ready for unrestricted 
operation by summer 1960  Externally, the design 
appears advanced and pleasmgly simple She has 
sweeping lmes with a well-raked stem and cruiser 
stern The superstructure moorporatig the bridge 
and sheltered decks ıs placed well aft, with four 
holds forward of the bridge Passenger accommoda- 
tion 1s conventionally luxurious, while cargo-handling 
equipment is of the most advanced and fastest 
type 

The propulsion plant noi mally develops 20,000s h p 
absorbed by a single screw The pressurized wator 
reactor, the type used m the Nautilus, is fuelled by 
uranium oxide with about 4 4 per cent enxichment of 
uranrum-235, clad ın steinless steel rods, and cooled 
by light water at a pressure of 1,750 Ib /sq in, heat 
bemg abstracted from the core by a three-pass flow 
arrangement Emphasis has been placed on the 
necessity for a long lifetime of the core, the design 
target being 52,000 MW days or 34 yr under normal 
operating conditions, a large low-density core 1s 
therefore used, while the use of uranium-235 as a 
fertile material ıs expected to extend the life of the 
core through its conversion to plutonium The 
variation of power output demanded from the 
bridge can be met by automatic operation of the 
boron — stamless steel control-rods 

At normal load the inlet temperature of the 
pinmnary coolant, demmerahzed water flowmg through 
two closed loops, 1s 494 7° F and the outlet tem- 
perature 521 3° F , the coolant being circulated by 


four pumps and the heat supphed by the reactor 
rejected to the secondary circuit steam generatois 
The primary water 1s continually purified to remove 
corrosion, fuel and fission products 

The heat rejected by the primary coolant is used 
to generate steam ın the secondary crreuit from two 
generators which supply dry saturated steam at 
490 lb /sq m to high- and low-pressure De Laval 
turbines diivmg the main shaft through a double 
reduction gear Two 1,500-kW steam-turbme 
generators provide power for auxiliary services and 
2 low-pressure heat exchanger provides steam for 
hotel services and space heatmg For emergency 
two 750-kW diesel-driven generators provide power 
for removal of reactor heat after shut-down and will 
supply essential services, mcluding the take-home 
motor coupled to the maim shaft 

The installation of nuclear power plants m mer- 
chant shippmg presents grave problems of ensuring 
the complete safety not only of both passengers and 
crew, but also of the inhabitants of the ports of call 
It is not sufficient to guard against the hazard of a 
major explosion Complete precautions must also be 
taken against the possibilty of radiation caused by 
colision or by the sinking of the ship m shallow 
water Safety considerations have been elaborate on. 
the Savannah The design of the hull ıs such that. 
the ship will remain afloat with two of the eleven 
main compartments flooded this ıs not an abnormal 
1eqwrement, but ın the Savannah elaborate collision 
bulkheads and collision mats ensure that a ramming 
ship would have to penetrate 17 ft of stiffened ship 
structure before the contamung vessel of the reactor 
was affected The mner bottom below the reactor is 
also strengthened by transverse and longitudinal 
members to form an ‘egg crate’ construction It is 
estimated that the reactor compartment 1s ımper vious 
to any collision with all but 1 per cent of the world’s 
mercantile marme, the hkelthood of high-speed 
collision m harbour waters 1s considered negligible 

The chief radiation sources are the reactor core 
and the primary coolant The reactor 1s shielded by 
a lead-covered steel tank which surrounds the reactor 
with an annular water space It 1s estimated that 
the dose-rate outside the primary shielding will not 
exceed 200 mr per hr 30 min after shut down. 
This rate is low enough to permit approach for 
inspection and mamtenance The whole of the 
primary system 1s further surrounded by a con- 
taming vessel, designed to limit the radiation m the 
holds to 5r a year and to 0 5r a year m the passenger 
spaces The contamung vessel, cylindrical m shape, 
35 ft m diameter by 505 ft long, also server to 
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prevent spread of 1adioactiviby in the event of any 
rupture of the primary system The lower half of 
this vessel 1s of concrete surrounded by water tanks, 
while the upper half ıs of lead slabs surrounded by 
polyethylene Should the ship sink m deep water, 
two of the manholes will open automatically to 
equahze pressure and then close to prevent undue 
leakage of radiation products Provision 1s also made 
in the case of shallow-water smakmg to allow purging 
of the contaming vessel or fillmg ıt with concrete 
The total weight of the contammg vessel is about 
2,000 tons 

Waste hquids likely to be radioactive are fed to 
storage tanks and will not be discharged at sea excopt 
under the conditions set forth by the Maritime 
Admunistration and the Atomic Energy Commission 
Radioactive gases are diluted and discharged up the 
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Sir Alfred Egerton, FRS 


ALFRED CHARLES GLYN EGERTON died suddenly 
on September 7 following a heart attack He was on 
holiday at the tıme at his house at Mouans Sartoux 
in the south of France, with his wife and son Fiancis 
He was seventy-two, but was m full vigour, his 
sudden death comes as ja great blow to all those in 
combustion science, 1n which Sir Alfred has been the 
acknowledged leader for many years He had also 
made many important contributions in engineermg, 
and in scientific admimstration and education 

He was educated at Eton, where he took the 
science prize and founded the College Scientific 
Society, and at University College, London, where he 
gained first-class honours ın chemistry and was later 
president of the College Chemical and Physical 
Society He studied at Nancy and m Berlm with 
Prof W Nernst, andın Sir Wiliam Ramsay’s private 
laboratory as his last research student During 
1909-18, he was instructor at the Royal Miltary 
College and, during the First World War, carried out 
research on explosives and had his first contact with 
chemical engineering 

After the War Egerton went tothe Clarendon Labora- 
tory at Oxford and cairied out researches on the 
vapour pressures of metals at high temperatuies 
and, m advance of his time, worked on the separation 
of zinc isotopes He was appointed reader in thermo- 
dynamics in 1923 Durmg a British Association 
meeting m Canada, Sir Harry Ricardo and Sir Henry 
Tizard, with whom his friendship was life-long, 
aroused his interest ın combustion and in the role of 
the newly discovered ‘anti-knocks’ He applied his 
knowledge of physical chemistry to this problem of 
knock m. internal combustion engmes and put 
forward the view that break-down of unstable 
organic peroxides was responsible for ‘pre-sensrtizing” 
the premature detonation His mterest m. combustion 
continued throughout his life, and he and his research 
group published a steady stream of valuable papers 
on the role of peroxides m combustion, on peroxide 
analysis, on slow combustion processes, on gaseous 
detonation, on limuts of inflammabuility, on burning 
velocities, and on techniques for these studies, such 
as the use of absorption spectra and the development 
of the flat-flame burner 
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radio mast after bemg filtered Purgmg of the am of 
the contamung vessel, of which the argon 1s slightly 
radioactive, 1s carried out periodically at sea Cooling 
of such components as primary circulating pumps 1s 
effected by fresh water cooled by sea water m an 
mtermediate emeurt The sea water does not become 
radioactive 

Apart from the care taken in the design and con- 
struction of the ship, extensive trammg in nuclear 
reacto. theory and its marme application is bemg 
undertaken by the candidates for the posts m the 
Savannah The longest course taken by engineermg- 
officer candidates occupies fifteen months A shorte: 
course has also been arranged and 1s intended foi 
candidates already possessing & science degree and 
includes seven observers from Britam, Denmark, 
Holland and Japan F D Rosinson 
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Egerton also caizied out or stimulated work in 
many fields of apphed science He made measure- 
ments of the properties of that important working 
substance steam, and stressed the value of methane 
or natural gas as potentially the most efficient fuel 
for the mternal combustion engine, and worked on 
the combustion, liquefaction and bulk handling of 
methane This led to an interest m liquefaction 
problems, and he was active m founding the Low 
Temperature Group of the Physical Society, of which 
he was first chairman in 1946 

He was elected to the Royal Society m 1926, and 
m 1936 was appointed professor of chemical tech- 
nology in the Imperial College of Science and 
Technology (University of London), a position which 
he held until his retirement ın 1952 — Durmg his 
tenure of the chan, he started the undergraduate 
course in chemical engmeermg and pioneered the 
development of this subject ın Great Birtain The 
Department, under his guidance, became a leading 
centie m both combustion reseaich and chemical 
engineering 

Egerton was secietary (physical sciences) of the 
Royal Society dming 1938-48, durimg the important 
Wai period, and he was also a member of the 
Scientific Advisory Committee of the War Cabinet 
durmg 1940-45 In 1942, he spent some time in 
Washington m charge of the British Commonwealth 
Scientific Office, where he did important work 
improving Anglo-American co-operation His mem- 
bership of numerous commuttees gave him a tiemen- 
dous breadth of knowledge of affars and of people 
At various times he was chairman of the following 
committees the Heating and Ventilatmg Com- 
mittee, the Fuels and Propulsion Committee, 
Admuralty Scientific Research Department, the 
Seientific Advisory Council, Ministry of Fuel and 
Power, the committees reporting to the Government 
of India on the Indian Institute of Science, and on 
the sixteen Government of India laboratories , the 
Scientific Advisory Commuttee of the British Council , 
the Combustion and Fuels Commuttee of the Aero- 
nautical Research Council, and the Royal Society 
Scientific Information Conference He had been 
director of the Salters’ Institute of Industrial Chemis- 
try and a manager of the Royal Institution He was 
president of the British Section of the Combustion 
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Institute, editor of Combustion and Flame, and form- 
erly of Fuel He was active m work on the dıs- 
semmation of scientific information (Scrence Abstracts 
Committee), on the use of scientific man-power 
(Barlow Commuttee) and on the use of the world’s 
fuel and energy resources His educational interests 
are shown by his active membership of the governing 
bodies of Winchester College and of Charterhouse 
Last year, he was responsible for the successful 
organization of the seventh International Combustion 
Symposium m Oxford His recent intense activity 
had been on the Government Committee of Inqumy 
into the Fishmg Industry, and in research into the 
characteristics of smouldermg for the Tobacco 
Manufactwers’ Standing Committee His work was 
1ecognized by a knighthood m 1943 and a number of 
honorary degrees and medals, cluding the Rumford 
Medal of the Royal Society im 1946 
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Biochemistry at Birmingham Dr S V Perry 


Tx development of a Department of Biochemistry 
in the University of Bumingham, arising as ıt does 
in part fiom the former Department of Industrial 
Fermentation, needs for guidance a man of scientific 
ability and vigorous powers of leadership The 
appointment of Dr S V Perry to be professor of 
biochemistry has recently been announced In 
Perry graduated with first-class honours in bio- 
chemistay m the University of Liverpool m 1939 
and was elected to the Isaac Roberts research 
scholarship upon graduation After the Second 
World War he was elected a Rouse Ball ieseaich 
student of Trinity College, Cambridge, and began his 
iesearches on muscle biochemistry in the Department 
of Biochemistry He was elected a research fellow 
of Trinity College, Cambridge, in 1947 and a Common- 
wealth Fund Travelling Fellow m 1948, spendmg the 
year 1948-49 in the Department of Physiology of the 
Medical School of the University of Rochester, New 
York, mvestigatmg the biochemical properties of 
skeletal muscle In 1950 he was appomted a lecturer 
m biochemistry in the University of Cambridge His 
researches have been largely concerned with bio- 
chemical function m relation to intracellular mor- 
phology with paiticular reference to the muscle cell 
A study of the mtracellular components of striated 
muscle has been pursued ın an mvestigation of the 
biochemistry of the cell m general, and of the con- 
tractile processin paiticular These studies are throw- 
mg important hight on the nature of the association 
between muscle protems and the role of their inter- 
action 1n muscular contraction Dr Perry has taken 
part, by mvitation, in a number of international 
congresses concerned with the biochemistry of muscle, 
and has published many articles on this subject m 
the Biochemical Journal and other scientific periodi- 
cals 


Analytical Chemistry at Birmingham 
Prof Ronald Belcher 


THE award of the title of professor of analytical 
chemistry is a tribute to the work Dr Belcher has 
done at Birmingham in building up the School of 
Analytical Chemistry, which is unique in Great 
Britam The honour comes at an appiopiiate time, 
since he 1s at present the president of the Analytical 
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In 1912, he maried the Hon Ruth Cripps, only 
daughter of the first Baron Parmoor, sister of his 
close friend at University College, the late Sir Stafford 
Cripps 

As a man, we 1emember his quiet unassuming 
manner, his unfailing smile of greeting, his tueless 
work on his many scientific mterests, and his dehght 
in his second career as a pamter Somehow, despite 
his many activities, he always had time to spare for 
everyone He had the genius for bringing out the 
best ın those with whom he worked and took a father- 
ly interest ın the numerous research students he 
sponsored, so many of them now 1n high positions in 
science and industry This keen personal interest m 
his students, colleagues, and indeed ın all he did, was 
fully shared by Lady Egerton His life and work are 
an example to all those whom he has influenced 

A G Gaypon 
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Chemistry Section of the International Union of 
Chemistry and a vice-president of the Union Prof 
Belcher received his early education ın Sheffield and 
gamed his first qualifications through the Royal 
Institute of Chemistry After carrymg out extensive 
researches since 1928 on coal at the University of 
Sheffield, he became a lecturer m chemistry m the 
University of Aberdeen in. 1946, moving to Birming- 
ham m 1948 Since that tme a constant flow of 
papers has come fiom his group and no less than 
twenty-eight higher degrees have been awarded to 
graduates in analytical chemistry under his super- 
vision With pupils and colleagues he has published. 
more than 150 papers and ten well-known books, all 
1n the field. of analytical chemistry, and. to these and. 
his many editorial and committee activities he owes 
his world-wide reputation He gamed the Ph D and 
D Se of the University of Birmmgham With the 
vast extensions of the Chemistry Department at 
Birmmgham nearmg completion, Prof Belcher and 
hus colleagues will have greatly mereased facilities 
for 1esearch and the training of analysts at all levels 


Mathematical Physics at Birmingham 
Prof G E Brown 


THE title ot professor of mathematical physics has 
been conferred on Dr G E Brown, at present reader 
m the Department of Mathematical Physics Dr 
Brown, who 1s & citizen of the United States, studied 
in South Dakota State College, at the Universities of 
Iowa and Wisconsin, and after war service became a 
graduate student at Yale m 1947 and obtained his 
PhD there in 1950 He was awarded the D Se of 
the Univeisity of Bumingham in 1957 He went to 
Birmingham with a post-doctoral award m 1950, was 
appointed a research fellow m September 1950 and 
has been on the teaching staff smce 1954, except for 
a period of study leave from January to September 
1958, which was spent 1n the Institute for Theoretical 
Physics ın Copenhagen He has published numerous 
papers on different aspects of quantum. theory, pai- 
ticularly on relativistic electron theory, mcludmg 
relativistic corrections m atomic problems More 
recently he has done important work in nuclear 
theory, mcluding a series of papers with various 
collaborators on the relation between the nuclear 
many-body problem and the ‘optical model’ 
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National Science Foundation 
Dr David D Keck 


Tun National Science Foundation has announced 
that Dr David D Keck has resigned his position at 
the New York Botanical Garden m order to remain 
permanently as programme director for systematic 
biology at the Foundation’s Division of Biological 
and Medical Sciences The Systematic Biology Pro- 
gramme receives research proposals and admunisters 
more than three hundred active grants In 1950, 
Dr Keck jomed the staff of the New York Botan- 
ical Garden as head curator, he became assistant 
directo: m 1955 and served as acting dnector m 
1958 From 1926 until 1950 he was on the staff of 
the Division of Plant Biology of the Carnegie Institu- 
tion of Washington, at Stanford, Calforma There 
he was a member of a research team concerned with 
pioneer work on the nature of plant species He 18 
the author of many technical papers and has col- 
laborated with Philip A Munz m wrrting “A Cah- 
forma Flora” that has just come from the University 
of California Press 


Microbiological Research 


In a written answer in the House of Commons on 
July 21, Mr H Nicholls, Parhamentary Secretary to 
the Mmmustry of Works, stated that since the Council 
for Scientific and Industrial Research announced last 
December its intention to encourage university 
research m microbiology, ten applications had been 
received for grants for research projects ın micro- 
biology not previously supported by the Department 
of Scientific and Industrial Research and all these 
applications had been approved 


Zenith Reactor 


A QUESTION was asked mn the House of Lords on 
July 15 about the ‘Zenith’ low-power reactor mstalled 
at Winfrith Heath mamly to further the work of the 
European Nuclear Energy Authority project for 
research on a high-temperature gas-cooled reactor 
In reply, the Minister of Power, Lord Mills, said that 
the project would pay rent to the Atomic Energy 
Authority for the use of the reactor It was hoped 
that about half the professional staff would be pro- 
vided from signatory countries other than the United 
Kugdom Of the total estimated cost of the project, 
£10 million would be contributed by the participants, 
the United Kmgdom supplying the balance of £3 6 
millon and would retain ownership of the reactor 
and other equipment m Britam when the project 
was teimmated The work would be carried out by 
the Atomic Energy Authority, but all participating 
countijes had their say on various matters connected 
with the project 


Chief Inspector of Nuclear Installations 


In the course of the debate in the House of Com- 
mons on July 2, when the Nuclear Installations 
(Licensmg and Insurance) Bill was given its third 
reading, ıt was stated that the Minister of Power 
intended to appoint a chief imspector of nuclear 
installations who would be responsible for advising 
on the measures to be taken to carry out the Minister's 
responsibilities under the Act The appointment had 
been offered (pending the Royal Assent) to Major- 
General S W Josln, who had accepted ıt Major- 
General Stanley William Joslm was educated at 
Hackney Downs School, Royal Miltary Academy, 
Woolwich, and the University of Cambridge He 
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held the appomtment of director of mechanical 
engineermg at the War Office, until he jomed the 
United Kmgdom Atomic Energy Authority in 1954, 
and late: became deputy director (personnel) of the 
Industrial Group As chief mspector, Major-General 
Joslin will be the head of the inspectorate, and one 
of his main tasks will be to advise on the organization 
and build-up of the inspectorate 


Exchanges between Soviet and US Scientists 


Tur US National Academy of Sciences and the 
USSR Academy of Sciences have announced the 
signing of a two-year agreement providing for 
exchange visits by research scientists of each country 
for periods up to one year Under the terms of the 
agreement, each Academy named twenty fields of 
specialized scientific inquiry m which rts scientists 
wish to observe or conduct research within the host 
country In addition, the agreement provides that 
the two Academies wil organize jomt symposia 
dealing with scientific problems of current interest, 
assist each other ın the exchange of scientific m- 
formation, and on a reciprocal basis exchange 
invitations to mmpoitant scientific meetings Imple- 
mentation of these provisions will substantially 
merease the exchange of scientists between the two 
countries 


Colonial Development 


THE annual report of the Colomal Development 
Corporation for 1958 (London HM Stationery 
Office Pp v+69 4s 6d net) and the last over the 
signature of Lord Reith, who was succeeded as chair- 
man on March 31 by Sir Nutcombe Hume, records 77 
contmumg projects compared with 76 the previous 
year Four have stopped, and of the five new projects 
approved, one, Federation Chemicals, Ltd (Trimdad), 
for the first time associates Corporation money with 
American technique and finance m a Colonial terri- 
tory Much effort has been spent m Nigeria m 
seeking to brng about jomt development companies 
in paitnership with regional Governments, and ib 18 
understood that the Corporation’s view that such 
companies have a particular importance as instru- 
ments through which Nigerians and the Corporation 
can share responsibility m mvestigating and launch- 
ing development projects will be accepted ^ Capital 
approved for new projects and for expansion and 
completion of existing ones amounted to £3 milhon 
compared with £6 milhon m 1957, and gross new 
expenditure was £6 milion The report claims that 
the work of the Corporation has mereased Colonial 
production of rice, citrus, pmeapples, bananas, palm 
ou, cocoa, coffee, tea, margarme, flour, meat and 
fish and also of gold, silver, copper, tumber, cement, 
manila, hemp, wattle extract, rubber, hides, tobacco, 
tung oil copra, electricity, houses, factories, roads 
and bridges Besides assisting in the creation of such 
productive assets as hydroelectric installations m 
Dominica, St Vincent, Rhodesia and Kenya, wrga- 
tion canals ın Swaziland, roads and bridges ın Ghana 
and Nigeria, and in making more than 500,000 acres 
of idle land productive, dnect projects of the Cor- 
poration provided employment for more than 16,000 
workers 

Lord Reith claims, however, that much more could 
have been done, and while he stresses the need for 
first-class management and for trustmg the Cor- 
poration to use rts commercial judgment m the best 
interests of overseas development and thus of Great 
Britain itself, he is stiongly critical of rts relations 
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with the Government and of consequent frustiation 
and diseouragement possibly due to differences of 
interpietation of the Overseas Resources Develop- 
ment Act Lord Reith suggests that a rapid review of 
the working of that Act might be helpful He com- 
plams particularly of the extent to which applications 
for projects are held up, apparently through disagree- 
ment as to the nature of the work the Corporation 
should do and the degree of control which the 
Government should exercise over ıt He points out 
that the restrictions mmposed upon the future activities 
of the Corporation m the emergent territories will 
deny them the full use of its unique facilities and 
managerial experience at the critical transitional 
stage of ther development, m spite of the obligation 
for ensurmg continung development finance m 
such teiritories which the Government appeared to 
1ecognize at the Montreal Conference 


Chinese Scientific Literature 


Tur Lending Library Unit of the Department of 
Scientific and Industrial Research is now issuing a 
list of current periodicals received from China The 
fist hst (July 1959) gives the titles of one hundred 
periodicals which are being received regularly, and 
these publications can be borrowed from the Unit by 
approved borrowers of the Science Museum Library, 
provided Science Museum Library loan 1equisition 
forms are used Twenty-one of the periodicals listed 
are obtained by exchange, and special attention 1s 
directed to Serentia Sinica (in English) and to Sevence 
Record (m English, French, German and Russian) 
The periodicals listed are annotated according to the 
category of 1eaders for whom they are intended, and 
whether they mclude contents lists or abstracts m a 
Western European language This first issue also 
meludes a note on the Chinese phonetic alphabet 


Mordell’s ‘‘Reflections”’ 


CAMBRIDGE mathematicians have sometimes muti- 
gated the austerity of their scholarship on retirement, 
and to this wise relaxation we owe Hardy’s “Apology”, 
Littlewood's “Miscellany” and now Mordell’s ‘‘Reflec- 
tions” (“Reflections of a Mathematician”, by Prof 
L J Mordell Pp vu+50 Montreal Canadian 
Mathematical Congress, Chemistry Buidmg, MeGill 
University or Ecole Polytechnique, 2500 Guyard 
Avenue 1959 np) In this collection of short, 
informal essays, the author is primarily interested 
in explainmg the point of view of the professional 
mathematician to fellow scholars who are not mathe- 
maticians He 1s not concerned with applications, 
but with mathematics 1tself—what 16 1s, the fascina- 
tion of its esthetics and its techniques, the difficulties 
and triumphs of creative work, not without some mild 
insinuation that the theory of numbers ıs the crown 
of mathematics Two of his pomts deserve emphasis 
The first 1s that the three cardmal virtues for the 
young mathematician are faith, hope and curiosity, 
and that the greatest of these 1s curiosity Secondly, 
he stiesses that the mathematician’s task is not 
ended when he has solved his problem , he 1s under 
an obligation to his fellow-workers to present his 
results clearly and intelhgibly, and must not allow 
the economie demand for brevity to result ın obscur- 
ity The selection of precisely the right number of 
steps required to support the argument, so that it 
shall be neither tedious nor obscure, 1s a matter to 
which the voung mathematician should pay careful 
attention Mordell in this connexion quotes with 
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approval Polya's advice ‘f you have two things to 
say, say them one at a time" 


Museum of Applied Arts and Sciences, Sydney 


THE Annual Report of the Trustees of the Museum 
of Applied Arts and Sciences, Sydney, for 1957 
(Pp 20 Sydney Museum of Applied Arts and 
Sciences, 1959) stresses the great mgency of allocatmg 
a site for a new museum It points out that a modern 
Science museum requires an extensive area and build- 
ing, not only to preserve and display its national 
treasures in an appropriate manner, but also to 
exhibit fuil-sized engineermg exhibits — Withm the 
lmıts of the resources of the Museum, provision 
was made to show the advance of science during the 
International Geophysical Year Also by means of 
films, diagrams and models visitors were presented 
with the development of guided missiles and space 
satellites The results of research by the staff m the 
field of essential o1l are diawing increasing numbers of 
inquiries from all over the world Since the Museum 
deals principally with applied science, it was always 
necessary to strike a balance between pure and apphed 
research by the staff 


Further Botanical Collections 


THE great tradition of travelling and collecting 
plants, which, among others, we associate particu- 
larly with the name of Linnaeus and his followeis and 
adherents, 1s stil very much alve in Sweden A 
recent issue of the Arkw for Botamk (4, Part 1, 
1959, Kungl Svenska  Vetenskaps—Akademuien, 
Stockholm) is of special interest ın this connexion 
m that ıt contains many new floristic records based 
on expeditions to places of such unique inte1est as the 
Juan Fernandez Islands Several of the contributions, 
on Hepatiee (S Arnell), Mosses (E B Bartram), 
Uredinales (I Jørstad), relate to materials chiefly col- 
lected in the course of an expedition by the eminent 
Swedish botanist, Dr C Skottsberg, and his wife dur- 
ing 1954-55 to these islands Some of the records 
also relate to the Falkland Islands and South America 
There 1s also an account of Annonaceae by von Rob E 
Fries, based on specimens collected by Dr Enric 
Asplund duung his travels in Ecuador in 1955 


The Ciba Foundation, 1949-59 


Tue Ciba Foundation, founded in 1947 by the 
Swiss firm, Ciba, Ltd , of Basle, for the promotion of 
international co-operation m medical and chemical 
research, shows ın 1ts report for the years 1949-59 a 
remarkable record of success Housed at 41 Portland 
Place, London, W 1, m a buildmg designed by the 
brothers Adam which was built in 1778, and ıs now 
scheduled as a building of historical and architectural 
interest, the Foundation, through its Tiustees, 
Executive Council and International Scientific Advi- 
sory Panel, has arranged numerous mternational con- 
ferences, colloquia and discussion meetings on various 
subjects, as well as the Ciba Foundation annual 
lectures and scientific-film sessions (The Ciba Founda- 
tion for the Promotion of International Co-operation 


m Medical and Chemical Research Ten Years 
Report for 1949-1959 Pp 1-64 The Ciba 
Foundation, 41 Portland Place, London, W 1) 


A feature of the colloquia and conferences 15 
that they are attended for three or four days by 
experts ın various fields of work from various coun- 
tries who are invited to take part, the number 
attending being kept low, great mmportance bemg 
attached to free discussion and social contacts 
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between the participants Other activities of the 
Foundation aie the one-day Study Groups, which 
aie held in honour of oveiseas members of the 
Foundation’s mternational scientific advisory panel 
and similar one-day meetings, or “Research Fora’, 
which are held on behalf of sponsormg individual oi 
scientific societies The Foundation also piovides 
accommodation and hospitality for various scientific 
o1ganizations Its Labrary meludes autographed 
copies of works by distinguished scientific men and 
tape-recordings of the Foundation’s meetings The 
Foundation, in co-operation with the Institut 
National d'Hygiéne, Paris, offers twelve Anglo- 
French Medical Exchange Bursaries of £50 a month 
tax-free for two to fom months for the study of 
special techniques in Great Bitam and France A 
glance through the list given m this report of the 
subjects discussed at the Foundation’s various 
meetings shows that, although the emphasis has 
been on endoermology and problems of ageing, these 
discussions have dealt with many of the most 
important lmes of modern medical research Results 
have been published in some forty-seven volumes 
issued by Messis J and A Churchill, London 


Oreopithecus 


Since the discovery ın 1872 of the lower jaw of 
the fossil pirate Oreopithecus ın lignite deposits in. 
Italy, conflicting views have been expressed by 
various authorities on its taxonomic status, but m 
general there has been in the past a consensus of 
opinion that ıt represents an aberrant type of cerco- 
pithecoid monkey, showing in its dentition some 
approximation to the anthropoid apes The discovery 
in recent years by Dr J  Hurzeler, of the Basle 
Museum, of many moie specimens of this Lower 
Phocene primate, mcludmg the skull and much of 
the post-cramal skeleton, has lent some support io 
the contention, that 1t 15 more closely related to the 
anthropoid apes But Dr Hurzeler goes further than 
this, and has argued that the dentition and skeleton 
show some hominid featuies which suggest that 
O1eopithecus 18 properly to be regarded as a Phocene 
representative of the very base of the hominid stem 
In a careful study of a maxilla with the uppei 
dentition in the British Museum by P M Butler and 
J R E Mils (Bulletin of the British Museum 
(Natural History) Geology Vol 4, No 1 A Con- 
tribution to the Odontology of Oreopithecus Pp 
1-26+plate 1 London British Museum (Natural 
History), 1959 10s), the authors adduce strong 
ieasons for affinities with the anthropoid ape fanuly 
but find no good evidence for a homunid relationship 
They 1egard such ‘hominid’ features of the dentition 
as have been described as probably the result of 
parallel evolution associated with the abbreviation 
of the facial skeleton and a reduction ın size of the 
canine teeth They conclude that Oreopethecus should 
be retamed m a separate family, Oreopithecidae, as 
origmally mamtamed by Schwalbe (1916), and that 
ib 18 probably a representative of a phyletic line 
which developed mdependently of the evolution of 
the modern anthropoid apes or the Homimdae The 
material collected by Dr Huizeler still more recently 
may perhaps lead to a modification of this point of 
view, for according to an article which appeared in 
Antoquity (33, 131 , 1959) ıt ıs stated “‘on infoimation 
ieceived'"—but not yet published—that the post- 
cranial skeleton shows some clearly marked anthro- 
poid ape features combined with a few which could 
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be regarded as hommid characters But a final 
decision on the status of Oreoprthecus will no doubt 
depend on how far 1t 1s possible to make correction 
foi the distortion by crushing which has evidently 
affected much of the fossil material 


Floral Abnormalities in Broccoli 


D R Sampson and M MacArthur have described 
some interesting floral abnormalities which apparently 
anie spontaneously in green sprouting broccoli 
(Annals of Botany, NS, 23, 211, 1959) Of the 
several types of abnormalities that may develop in 
a raceme, flowers with united sepals bearing ovules 
ventrally on placentae along the lines of sepal union, 
and pads of stigmatic tissue at the apices of the 
sepals, ale among the most conspicuous Other 
curious developments meclude open, boat-shaped 
gyncecia, and irregular terminal structures suggestive 
of laterally united gyncecia Developmental aspects 
are discussed and some of their morphogenetic 1mpli- 
cations noted 


Nitrate Reductase from Germinating Wheat 
Embryos 


THE isolation and purification of a soluble enzyme, 
a nitrate reductase, from embryos of germmating 
wheat have been described by D Spencer (Australan 
J Biol Scr, 12, 2,181, 1959) This enzyme ıs coupled 
specifically to reduced diphosphopyridine nucleotide 
Addition of flavin adenine dinucleotide to the purified 
enzyme results ın a threefold increase im activity 
Flavin mononucleotide 1s without effect ^ Potassium 
cyanide and sodium azide cause 50 per cent mhibi- 
tion of enzyme activity at 1 6 x 107*.M and 2x 1075.M 
respectively The effect of a range of other mhibitors 
is reported The presence of morganic phosphate 15 
required for maximum activity The dissociation 
constant (Ks) of the nitrate-enzyme complex 1s 
38x10- M, and that of the diphosphopyiidme 
nucleotide-enzyme complex is 8x107* M The pH 
optimum for enzymatic activity 1s 7 4 


Climatic Changes and Secular Solar Activity 


Tur Geophysical Institute of the Czechoslovakian 
Academy of Sciences has published a paper by 
Z Gregor and L Kiiwsky on the long-duration 
changes in the climate of the Atlantic-European 
area as related to the secular solar activity (Geo- 
physical Sbormk, No 62 1957 Russan texts, 
Czech and German summaries) These climatic 
changes, expressed by the cuculation of the atmo- 
sphere and the movement of the frontal zone, lead 
to an increase of the average temperature in this area, 
and promote the recession of glacieis The changes 
are attributed to the secular changes in the emission 
of solar energy 


Infra-red Absorption Bands 


THE measurement of the intensity of infia-red 
absorption bends 1s important both m theory foi the 
deduetion of bond moments and henee structural 
studies, and m practice because 16 is the basis of 
quantitative analysis by infia-red methods Until 
about 1946 the subject was comparatively neglected 
because of the scarcity of rehable instruments, but 
since then a considerable literature on the subject has 
been built up and the bibliography compiled by 
R G Gills (Australian Defence Standards Laboratories 
Technical Memorandum 2 The Intensity of Infra-red 
Absorption Bands a Bibhography Compiled by 
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Dr R G Gils Pp i448 Maribyrnong, Vic- 
tori» Defence Standards Laboratories, Department 
of Supply, 1958), covermg work up to the end of 1957, 
should be most valuable 134 references on the 
theory and application of intensity measurements 
contained m Chemical Abstracts are collected together 
with their abstracts They are arranged substantially 
in chronological order within the thirteen sections 
entitled early work (pre-1946), general (theory), 
general (experimental) , simple molecules , C—H and 
C—D bands , hydrocarbon analysis, O—H and O—D 
bands , N—H and N—D bands , ester and ketone 
C=O bands, steroids, C =N bands, pressure 
broadenmg , and pressure-mduced absorption Since 
the principles of quantitative analysis are now well 
known, references to many methods for the quan- 
titative determination of particular compounds have 
been specifically omutted from the bibliography 


pH Measurements 

ANALYTICAL MEASUREMENTS, LTD, Richmond, 
Surrey, 15 supplying an analytical pocket pH meter 
which ean be used to make pH. measurements with 
small amounts of solution. It 1s complete with 
batteries and a case of plastic tubes of buffer solution 
The meter has a scale from 0 to 14 pH and an accur- 
acy of 0 1 pH is obtamable The assembly 1s in a 
waterproof case, the electrometer tube, switch and 
input connector are sealed m a single unit and the 
weight with accessories 1s only 8 lb The current 
price 18 £39 18s 


Shell Chemical Co Reorganization 

CERTAIN of the operations of the Shell Chemical 
Co, Lid, are to be integrated mto three divisions 
corresponding to the three mam fields m which 16 18 
engaged, namely, mdustrial chemicals, agriculture 
and plastics These changes became effective on 
July 1 The manager of the Industrial Chemicals 
Division is Mr P J March This Division deals with 
solvents, general chemicals, resns and detergent 
products The existing agricultural organization 
remains unchanged as the Agricultural Division under 
Mr H G Huckle The Plastics Division has assumed 
responsibility for polyolefins, polystyrene, polyvinyl 
chloride and synthetic rubber The manager of this 
Division is Mr V N Luke 


Rare Earth Metals 

SuccEssrux production of all the rare earth metals 
has been achieved by Johnson, Matthev and Co, 
Ltd , followmg some active research over the past 
few years Supplies of the rare earths m their normal 
form as oxides have been available ın several grades 
of purity, however, umproved techniques for the 
production of the metallic elements have now been 
brought to frurtion, and all the fourteen naturally 
occurring elements, together with the closely related 
elements scandium and yttrium, are now available 
in 8 variety of forms The metals are reduced from 
their fluorides with hthrum, calerum or lanthanum m 
tantalum crucibles in an atmosphere of argon, and 
are then re-melted m vacuum Impurities are held 
at a very low level and m some cases the purity is 
lugher than has hitherto been achieved 


Society for Applied Bacteriology 

AT the annual meeting of the Society for Applied 
Bacteriology, held m London on July 8, the following 
were confirmed in office Hon President, Mr D A 
McKenze, Hon Treasurer, Mr GQ  Ehs Jones, 


NATURE 


683 


Hon Editors, Dr S E Jacobs and Dr C A E 
Briggs, Hon. Pubhcatons Manager, Mr A H 
Walters; Hon Advertsing Manager, Mr E J 
Mann, Members of Committee, Dr Eve Buling, Mr 
N J Butler, Prof E L Crossley, Dr J G Davis, 
Mr B M Gibbs, Mr D J Jayne-Williams, Dr Jane 
Merklejohn, Dr G C Ware and Dr M Woodbme 
After eight years as hon secretary of the Society, 
Mr G Sykes announced his resignation — His place 
wil be taken by Dr Ella M Barnes, Low Tem- 
perature Research Station, Downmg Street, Cam- 
bridge This change will take place towards the end 
of October 


Josiah Macy, Jr , Foundation Grants 

UNRESTRICTED grants amounting to 1,650,000 
dollars to eleven private medical schoole m support 
of ther teaching research staff have been announced 
by the Josiah Macy, Jr Foundation, New York 
The Foundation has made unrestricted grants of 
50,000 dollars per annum for a three-year period to 
each of eleven private medical schools for strengthen- 
mg their research teaching staff, particularly m the 
medical science departments 


National Science Foundation Grants 


Tug National Science Foundation of the United 
States has announced the award of fourteen grants 
totallmg 1,534,500 dollars The am ıs to strengthen 
biological research by helpmg to provide scientists 
with new or modermzed facilities and specialized 
experimental equipment Major grants are to 
be awarded as follows 250,000 dollars to the 
Woods Hole Oceanographic Institute, Massachusetts , 
171,600 dollars to the Bernice P Bishop Museum, 
Hawau; 162,000 dollars to the Marme Laboratory, 
University of Miami, 155,000 dollars to the Cah- 
forma Institute of Technology , 150,000 dollars to 
the University of Chicago, 135,000 dollars to the 
Long Island Biological Association, and 105,000 
dollars to the Woods Hole Marme Biological Labor- 
atory Other recipients are: White Mountam 
Research Station, University of Cahforma, Cali- 
forma Academy of Sciences , Colorado State Univer- 
sity, University of Chicago ; University of Missouri , 
Marme Laboratory, Duke University, North Carolina , 
and the Academy of Natural Sciences of Philadelphia 


The Alvarenga Prize 

On July 14 the College of Physicians of Philadelphia 
awarded the Alvarenga Prize for 1959 to Dr Hilary 
Koprowski, professor of research medicme, Univer- 
sity of Pennsylvama, for his outstandmg work on 
the development of a hving attenuated virus vaceme 
against poliomyelitis The Alvarenga Prize was 
established by the will of Pedro Francisco DaCosta 
Alvarenga, of Lisbon, Portugal, an associate fellow 
of the College of Physicians of Philadelphia, to be 
awarded annually by the College of Physicians on 
the anniversary of the death of the testator, July 14, 
1883 


Carlsberg-Wellcome Travelling Research Fellow- 

ships 

THe Carlsberg Foundation (Copenhagen) and the 
Wellcome Trust (London) announce a third senes of 
awards of these Fellowships, which they jomtly 
mstituted m 1957 The successful candidates for 
1959-60 are Mr Michael Weis Bentzon, head of the 
Statistical Department of the State Serum Institute, 
Copenhagen, and Mr John Anthony Hunt, at present 
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working m the Medical Research Council’s Research 
Unit for Molecular Biology at the Cavendish Labor- 
atory, Cambridge Mr Bentzon will work with Prof 
M S Bartlett m the University of Manchester on the 
application of modern statistical theory of biological 
problems and Mr Hunt will study methods of protem 
chemistry with Prof M Ottesen at the Carlsberg 
Laboratory, Copenhagen 


Lalor Grants and Awards for 1960 


Tue Lalor Foundation has announced the pro- 
gramme of awards for 1960 which ıt 1s offermg for 
research ın the biological se1ienees These awards are 
to be for support of research on the fundamental 
biochemical and physiological mechanisms concerned 
with fertility and reproduction in various forms of 
hfe The objectives are to further the knowledge and 
understanding of the basic phenomena mvolved and 
to extend and develop the possibilities for effective 
regulation and control The awards may 18nge up to 
8,000 dollars a year, dependmg upon the scope and 
duration of the projects approved Preference will 
bo grven to younger members of university and 
college staffs with an upper age limit of 45 years 
The work may be carried out at the applicant’s own 
institution or elsewhere The Foundation will also 
grant postdoctorate summer or short-teim research 
awards at the Marine Biological Laboratory at Woods 
Hole, Mass , or elsewhere fcr appropriate projects m 
the fields specified For these awards, the stipends 
will normally not exceed 900 dollars for a smgle man 
or a woman, 1,100 dollars for a married man working 
at his home institution, and 1,250 dollars for a 
married man with principal programme at another 
institution Application and mqumies should be 
sent to the Lalor Foundation, 4400 Lancaster Pike, 
Wihnmgton 5, Delaware, and applications must be 
received by January 15, 1960 


Selby Fellowship 


Ir 1s announced that Messrs H B Selby Pty, 
Ltd , of Australia, have placed at the disposal of the 
Australian Academy of Science the means to estab- 
lish a research fellowship, to be known as the Selby 
Fellowship The mtention of the gift 1s to recognize 
that, whereas there are numerous scholaiships that 
enable Australian graduates to proceed overseas for 
research experience, there 1s now a need for measures 
to brmg young graduates from British and other 
overseas universities for postdoctoral work in Aus- 
tralian laboratories The Selby Fellowship ıs ntended 
as a contribution to this problem The Fellowship 
may be awarded for work m any branch of physical 
or biological science, and 1s tenable at any university 
or research institution in Australia by applicants 
less than thirty years of age In general, applicants 
should hold the PhD degree or have equivalent 
status and experience, but the Fellowship will not 
normally be given to those who have already held a 
senior reseaich award The Selby Fellowship will 
normally be tenable for one full year of work m 
Austraha This year applications will close on 
November 1 with the Assistant Secretary, Australian 
Academy of Science, Gordon Street, Canberra City, 
ACT In futwe yeas 15 1s mtended that applications 
will close about June 20 


University News Birmingham 


Tue followmg appomtments have been made to 
the chair of botany, Prof J Heslop Hairison (for a 
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note on Prof Heslop Harrison’s work see Nature, 173, 
150, 1954), Dr Brenda Manly and Dr J Cohen, 
lecturers in zoology, K A  Redish, lecturer in 
mathematical physics, Dr N A Dyson, lecturer in 
physics, Dr F J Wallace lecturer im mechanical 
engmeermg, Dr I R Smath, lecturer in electrical 
engineering , Dr V G Jenson, lecturer in chemical 
engmeerng, Dr W B Morgan, lecturer in geo- 
graphy, R S Hall, Research Fellow in physics , 
E A Howson, Research Fellow in electiical engin- 
eermg, R D Hartley, Research Fellow in mining , 
E Whipp, G E C Fürst Fellow m the Department 
of Electrical Engmeermg, A T Aldred, Research 
Fellow ın physical metallurgy, D W Jones, 
Research Fellow in physical metallurgy 


Leeds 


Tue followmg appointments to lectureships have 
been made A W Chronowicz (civil engineering) , 
Dr B F Salvage (electrical engineermg), A L 
Yettram (civil engmeermg) 


Sheffield 


Tue followmg appomtments to lectureshrps have 
been made P Chadwick, apphed mathematics , 


Dr J N Murrell, chemistry, CO E Blank, 
medical genetics Dr J Sykes, biochemistry , Dr 
J M Hoskins, bacteriology and virology, Dr J 


Allison and Dr A M Howatson, electrical engineet- 
ing, K Littlewood, fuel technology and chemical 
engineering, Dr E W Lee, physics, L Lehman, 
dental mechanics and prosthetics, T B Ferguson 
and J D Stringer, mechanical engmeermg, W J M 
Tegart and C W MHawarth, metallurgy Dr J F 
Wallace has been appointed senior research fellow in 
mechanical engmeermg The title of reader has 
been conferred on the followmg Dr A Garnett, 
geography , Dr D R Davies, applied mathematics , 
Dr P L Pauson, organic chemstry 


St Andrews 


Tux followmg appomtments have been made to 
readerships, Dr D Bl lecturer m natural philosophy 
in St Salvator's College, and Dr A J O Cruick- 
shank, lecturer m electrical engimeermg in Queen's 
College — Senior leetureships are as follows Dr 
J L Copp, lecturer ın chemistry ın Queen's College , 
Ih F D Gunstone, lecturer m chemistry m St 
Salvator’s College, Mr W MeNicoll, lecturer m 
civil and mechanical engmeermg m Queen's College , 
Dr A R Mitchel, lecturer in mathematics m St 
Salvator’s College, and Dr F Walker, lecturer m 
geology m Queen’s College 


Announcements 


Forrowiwe the death of Sw Claude Gibb, it has 
been announced in the House of Commons that Sir 
Solly Zuckerman will succeed him as chairman of the 
committee responsible for controling Government- 
financed scientific research and development The 
committee was set up to consider the techniques and 
management of such projects 


Erratum ‘The papeis referred to in the article 
entitled '*"Water-Resources and Water-Use Survey” 
in Nature of July 11, p 96, are wrongly described in 
the footnote The correct reference number ıs 
WMO No 82 TP 32, which ıs published by the 
Secretariat of the World Meteorological Organ- 
ization, Avenue de la Paix, Campagne Rigot, 
Geneva 
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NATURE CONSERVATION AND YOUTH SERVICE IN BRITAIN 


I& the past two reports of the National Parks 
Commission, appreciation has been expressed of 
the work done by volunteer groups in clearing dıs- 
figurements ın the National Park areas n Pembroke- 
shire, Northumberland, the Lake District and the 
Peak District When the Council for Nature was 
formed in 1958, ıt declared its intention of forming a 
volunteer group of young men and women to work 
m nature reserves and similar areas on tasks having 
the purpose of preserving the flora and fauna of the 
countryside The Council’s purpose im this project 
was twofold on one hand, to help the many 
naturalists’ trusts and other bodies in managing areas 
of scientific interest, and on the other, to offer 
young people ın their spare time a task m the 
countryside which was worth while This project 
was made possible by a generous grant from the 
Carnegie United Kingdom Trust, and in a paper read 
before Section X (Assembly of Corresponding 
Societies) of the British Association during the York 
meeting, Brigadier E F E Armstrong, who has been 
responsible for the organization of this Volunteer 
Conservation Corps for the Council, described the 
scope of the Corps and some of the experience gamed 
and problems encountered 

In contrast to the Crvihan Conservation Corps of 
the United States, Brigadier Armstrong pointed out 
that the Conservation Corps is a volunteer spare- 
time activity, and the tasks undertaken had to be 
within the capacity of a group of young men and 
women working for the comparatively short periods 
they could give 1n holidays and vaeations Moreover, 
ib was important that the task undertaken should 
have a viable ultimate scientific purpose, and should 
not be such that 16 would obviously be more usefully 
and efficiently done by machinery Usually the tasks 
undertaken were those requiring manual rather than 
mechanical labour and suited to a group of volunteers, 
aged 16-23, working for periods of one, two or three 
weeks In practice, the limiting factor had proved 
to be the financial resources, and not the availability 
of volunteers some 400 volunteers had come for- 
ward against the 160 places that the Corps had been 
able to offer on ‘residential’ tasks, including week-end 
tasks and those occupymg one or more weeks 
Generally, the volunteers were from ‘sixth formers’ 
of schools, but university undergiaduates and older 
members of natural history societies, ‘Rovers’ and 
‘Rangers’ had also been anxious to help 

For the most part, volunteers were educated and 
already interested m natural history, and leadership 
could be formed on the site of the work, though the 
responsibility for the prior organization of the work 
rested with the headquarters organizer and the 
members of the body for whom the work 1s bemg 
done 

Bngadier Armstrong stressed the educational side 
of the work The programme always included a daily 
evening lecture on some topic of nature conservation, 
followed by discussion, and efforts were made to 
melude a visit to some other site of scientific mterest 
m the neighbourhood and to any Nature Conservancy 
or Forestry Commussion establishment withm range 


The education side had been much appreciated by 
the volunteers, and had clearly contributed to the 
success of the project The Conservation Corps had 
already proved the existence of a very strong desire 
on the part of young men and women im Britam for 
an opportunity to assist ın preserving the flora and 
fauna of the countryside 

Reference was made to the importance of satıs- 
factory accommodation, for this year the Corps 
would have its own camp for a task exceeding a 
fortnight, while for other tasks accommodation had. 
been obtamed m youth hostels, a Field Studies 
Council hostel, a hotel and m HMS Conway Tasks 
already undertaken mcluded clearmg the dogwood 
and other scrub which has mvaded and ıs over- 
running the grassland slopes of Juniper Top, Boxhull , 
clearance work m a compartment of Woodwalton 
Fen to open it up for fenland flora and improve ıt 
as a habitat for the large copper butterfly , clearance 
of scrub m Askham Bog to show regeneration of 
plants and removing the top layer of vegetation to 
provide an area of more permanent bog conditions , 
clearing a path m Surlngham Broad to mprove 
access to the centre of the Broad, and shelvmg 
down banks of ponds m Newborough Warren which 
had been excavated by machinery and plantmg 
suitable to consolidate these edges 

Brigadier Armstrong also referred to the develop- 
ment of week-end or smgle-day tasks, particularly in 
areas where plenty of volunteers are available and 
responsibility for organization could be delegated 
locally Such tasks, which did not involve accom- 
modation, were likely to be less expensive to organize 
and it was hoped to extend the development m 
future 

A following paper dealt with another problem also 
exercising concern both to the National Parks Com- 
mission and the Nature Conservancy Breaches of 
the Country Code, damage to farm-land and m 
nature reserves 1s frequently done by teenagers fiom 
the big cities, seekmg freedom from restrictions m 
the country and unaware of the dangers they them- 
selves often run or the damage they do Mrs Edie 
J Green, senior instructor of the Kyndwr Sewd 
Mountain Trainmg Centre, Derbyshire, described a 
successful attempt to enlist the adventurous spirit of 
a group of such boys and to guide ıt mto useful 
purposes A start was made with a group of eight 
boys drawn both from those full of enthusiasm for 
outdoor activities but lacking skilled guidance, and 
from those responsible for vandalism, usually through 
sheer exuberance rather than deliberate destructive- 
ness Followmg essentially the principles laid down 
mn another sphere by Elton Mayo and Mary Follett, 
and applied so strikingly by Lieut -Commander 
A H Leighton m à Japanese re-location camp, the 
friendship of the boys was first won, and also the 
co-operation and goodwill of farmers and others in 
the district with whom the scheme would involve 
contact were secured Then the boys were encouraged 
to frame ther own rules and ultimately they pro- 
duced a set of rules for the situation more impressive 
than the Country Code itself, breach of which was 
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punished, by the group's own decision, by sendmg ,^ Such changes alone would justify the continuance 


the offender home In practice, the rules were rarely 
broken, because to the boys they made sense 

From this ıt was an easy step to the acceptance of 
the Country Code itself, and the boys were often 
heard talking to ther contemporaries about what 
should or should not be done m the country, 
and Mrs Green suggested very reasonably that 
this 1s hkely to have a far deeper effect than 
police warnings or slogans on the notice boards 
With this went a changed attitude to farmers 
Getting to know the farmers and understandmg what 
farming meant changed the attitude of the boys mto 
one of respect and co-operation the farmer who 
had provided the site for the camp found his shippen 
cleaned out for him and a boy who admitted to 
knocking down dry-stone walls for years was found 
attempting to rebuild one 


of such traming camps from the point of view of the 
national parks and nature reserves alone, but the 
scheme also provided a definite programme for 
tramung the boys in climbing, m mountam rescue 
and ın first-aid—at thew own request Here 
again the boys, from bemg a liability or a nuisance 
on the hills, became competent members of a moun- 
tain rescue team, and every challenge to endurance 
was met with enthusiasm The experimental period 
described by Mrs Green also showed the value of the 
scheme m developmg the personalities of the boys. 
Much clearly depends on the quality of the staff, and 
there is also the matter of equipment , but the new 
trainmg centre which opened in September 1959 
offers a first-class mountameermg course for 5s 
affiliation fee and 2s 6d at each school, and thirty 
boys are bemg taken 


APPLIED MATHEMATICS AND THEORETICAL PHYSICS AT 
CAMBRIDGE 


DEVELOPMENT in the University of Cam- 
A bridge which will be of mterest generally 1s the 
formation, from October 1, 1959, of a Department of 
Applied Mathematics and Theoretical Physics The 
Department comes within the Faculty of Mathe- 
matics, and embraces the present teachmg staff and 
research students on the applied side of the Faculty 
Academic staff at Cambridge traditionally divide 
their time between centralized university lecturmg 
and supervision of research students (as university 
lecturers, readers, etc) on one hand, and mformal 
teaching of undergraduates in ther own college (as 
Fellows) on the other This arrangement undoubtedly 
has advantages for undergraduates, but i16 has not 
been without some unfortunate consequences for 
research in a number of subjects The various 
colleges provide their official Fellows with rooms, 
and the existence of this accommodation has retarded 
the development of centralized departments and 
buldmgs with adequate facilities for research 
Teaching and research m the experimental sciences 
are impossible without a properly equipped laboratory, 
and these subjects were the first to be provided with 
central University buildmgs Less obvious perhaps, 
but no less real, 1s the need for theoreticians to meet 
and work together m these days of rapid scientific 
developments and enlarging horizons. The formation 
of a Department of Applied Mathematics and 
Theoretical Physics at Cambridge 1s a recognition of 
this need, and is viewed as an administrative step 
towards the provision of central office accommodation 
and research facilities for the members of the Depart- 
ment. When that 1s achieved. an anomaly pecuhar 
to the University of Cambridge wil have been 
removed 

There are two novel features of the new Depart- 
ment The first 1s that, as ımphed by the name, the 
Department meludes both ‘classical’ and ‘modern’ 
aspects of theoretical physics and engineermg science, 
in contrast to the usual plan m which appled mathe- 
matics and theoretical physics fall m separate 
university departments This unity was suggested 
by the existimg practice of teaching both apphed 
mathematics and theoretical physics in the Mathe- 
matical Tripos, and ıt was m any event felt to be 
appropriate The customary division between applied 


mathematics and theoretical physics is scientifically 
rather arbitrary (bemg prompted, perhaps, by the 
fact that m most universities apphed mathematics 1s 
Imked with pure mathematics and theoretical physics 
with physics) and is often unfortunate in its effects 
Recent work on plasma physics and magneto-gas- 
dynamics has shown how much the two subjects 
have in common and how artificial 1$ the division 
between them, and the older fields of theoretical 
astronomy and astrophysics have long illustrated the 
same pomt ‘The staff at Cambridge who will com- 
prise the new Department are eighteen m number, 
and are engaged on work in elementary particle and 
field theory, nuclear physics, astrophysics, plasma 
dynamics, fluid mechanics and geophysics 

The second novel feature 1s the provision that the 
head of the Department shall be appomted for five 
years at a time from among the more senior people 
m the Department This represents a deliberate 
departure from the practice m British universities of 
having a head with life tenure, usually the sole pro- 
fessor, or, where there 1s more than one professor, 
the one of greatest scientific distinction, and 1s more 
like the arrangement in many American universities 
The disadvantages and risks of having a permanent 
head are well known, the health and fate of the 
department are tied to the administrative ability and 
capacity for leadership of one person for many years, 
the growth of a hierarchial structure may be encour- 
aged, the talents of a rising leader may not be given 
full scope, and so on There are also advantages, 
which may be more important in some circumstances , 
but there was a strong feehng at Cambridge that a 
more flexible scheme was desirable for the new 
Department A period of five years was chosen as 
bemg long enough to allow the head of the Depart- 
ment to formulate and carry through any schemes 
which may be close to his heart, and short enough 
to be regarded as only a temporary mterruption of 
personal research The regulations allow re-appoint- 
ment of a person for further periods of five years 
This experiment m administration of a university 
department will be interesting and may have its 
lessons for other departments 

The first head of the Department is Dr G K 
Batchelor, reader ın fluid mechanics He ıs known 
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for his work on the theory of turbulence and other 
branches of fluid mechames, for which he was elected 
a Fellow of the Royal Society in 1957 Dr. Batchelor 
was born in Melbourne m 1920 and received his first 
degree from the University of Melbourne m 1940. 
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Later he went to Cambridge, where he was elected a 
Fellow of Trmity College m 1947 and awarded an 
Adams Prize m 1951 He is editor of the Cambridge 
Monographs on Mechanics and Applied Mathematics 
and of the Journal of Fluid Mechanics 


ENZYMES 


AGENINGEN, situated on the Rhine in eastern 
Holland, contains 22,000 inhabitants, and 
about seventy institutes for scientific research 
About one-half of these institutes form part of the 
State Agricultural University of Wageningen, while 
the other half are government or private mstitutes 
In these pleasant surroundings, a highly successful 
conference on enzymes was held by the University 
of Wageningen during April 6-9 ‘The organizing 
committee was under the chairmanship of Prof 
H J O Tenderloo, with Dr H Veldkamp as secretary. 
An introductory lecture was given by E C Slater 
(Amsterdam), who emphasized the central place of 
enzymology in biochemistry In his view, it is 
enzymology which gives biochemistry its own 
methodology, and 1ts own manner of thinkmg (Later 
in the conference, H Booij (Leyden), speaking as an 
‘angry young man’, provided the necessary corrective 
against any over-enthusiastic adoption of this 
proposition by pointing out that other fields of bio- 
chemistry existed ) Although there are many 
different enzymes, the number of different reaction 
types catalysed by enzymes ıs quite small Life, as 
we know ıt, involves comparatively few chemical 
tricks, which are used over and over agam, and the 
aim of biochemistry 18 to systematize our knowledge 
of these tricks A significant step forward in the 
systematization of enzymology was the appearance 
m 1958 of the book “Enzymes”, by M Dixon and 
E C Webb Studies of the mechanism of enzyme 
action by kinetic and isotopic methods, and by 
direct chemical studies 1n which the enzyme 1s used 
as a reactant, have confirmed the suggestion made 
by Michaels and Menten m 1913 that the enzyme 
reacts with at least one of the substrates to give an 
intermediate enzyme-substrate compound How- 
ever, n many cases the intermediate enzyme-sub- 
strate compound contams only a part, sometimes a 
small part, of the substrate This lecture also dealt 
with the uses which have been made of isolated 
enzymes as tools imn other investigations, in par- 
ticular m analytical procedures and in the determ- 
inations of the structures of compounds isolated from 
natural materials, such as coenzyme A 
C de Duve (Louvam) reviewed the recent know- 
ledge of the localization of enzymes within the cell, 
which has been gamed by fractionation of cell 
homogenates, particularly by differential centri- 
fugation He pomted out that although the cytologist 
would regard the preparation of a tissue homogenate 
as a brutal disruption of the cell, this homogenate 18 
able to carry out very many reactions, and it is 
possible to localize different reactions m different 
cell organelle which can be isolated from the homo- 
genate He dealt at length with the theoretical basis 
of the various methods of separation which have been 
used, and discussed their advantages and disadvan- 
tages Tho use of ‘marker’ enzymes for the main 
fractions of the rat-lrver cell nucleus, mitochondria, 
microsomes and ‘soluble’ fraction has led de Duve 


to the discovery that many hydrolytic enzymes 
are present m granules a Irttle smaller than muto- 
chondria which he has named lysosomes More 
recent work usmg the technique of density equi- 
librium in heavy water has suggested that at least 
two enzymes (uricase and catalase) are present in yet 
another type of granule The enzymes within the 
lysosomes are inactive towards their substrates unless 
the granules are destroyed mechanically or by sus- 
pension m hypotonic solution The lysosomes also 
discharge ther enzymes into the cell when the latter 
becomes anaerobic, thus promotmg autolysis of the 
cell 

P Desnuelle (Marseilles) spoke about the chemical 
structure of protems and mechanism of action of 
proteolytic enzymes He pointed out that although 
the chemical structures of msulm and of the poly- 
peptides  melanocyte-stunulatang hormone and 
adrenocorticotrophic hormone are now established, 
the reason for the activity of the whole molecule 1s not 
yet known He discussed what is known about the 
primary, the secondary and the tertiary structures 
of protems, emphasizmg that although other struc- 
tures are theoretically possible, the open-cham 1s the 
only type which has been clearly demonstrated 
Desnuelle described recent work on the activation of 
the precursors (the -ogens) of the pancreatic proteo- 
lytic enzymes, which has shown the importance of 
hmuted proteolysis m this process Actually, the 
activation of chymotrypsm and trypsmogen is 
brought about by the splitting of a smgle bond But 
this splittmg ıs likely to be the first and necessary 
step for deep changes ın the tertiary structure of the 
precursor, bringmg two or three residues at the right 
position :n space for buildmg an ‘active centre’ 

E C Webb (Cambridge) surveyed the properties 
of the various coenzymes, prosthetic groups and 
activators of enzymes He pomted out that metals 
sometimes act as carriers, sometimes promote the 
combination of the enzyme with the substrate The 
effects of anion activators were discussed in relation 
to his own recent studies of the activation of 
arylsulphatase by chloride. 

A discussion between Dr Webb and Prof Slater 
on whether a vald distinction could be drawn 
between a coenzyme and a prosthetic group led to 
the agreed definition that a compound acts as a 
coenzyme if durmg the course of its catalysis of the 
reaction ib reacts first with one enzyme and then 
with another, and as a prosthetic group if 16 remains 
bound to the one enzyme during the course of the 
reaction The same substance can ın different 
reactions act as a substrate, a coenzyme or a pros- 
thetic group 

Sir Rudolph Peters (Cambridge) discussed enzyme 
inhibitors, ulustrating the different types by refer- 
ence to carbon-fluorme compounds (for example, 
fluorocitrate), arsenicals and organo-phosphorus 
compounds The recent studies at Babraham 
on the mechanism of the mbhibition of aconitase 
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by fluorocitrate were presented In the discus- 
sion of arsenical inhibitors, emphasis was placed 
on the different actions of monosubstituted (for 
example, lewisite, mapharside) arsenicals, which 
mhibib pyruvate oxidation, and disubstituted 
(for example, diphenylchlorarsme) compounds 
which inhibit isocitric dehydrogenase, as well 
as on the practical appheation of 2,3-dimer- 
captopropanol ın reversing the inhibition by 
arsenicals 

The organo-phosphorus imhibitors were discussed 
in relation to them action on cholinesterase, and to 
the reversing effect of pyridine-2-aldoxime meth- 
iodide Asan example of antimetabolites, Sir Rudolph 
discussed the antagonism of the effect of serotonin 
by l-benzyl-2,5-dimethyl-serotonm 

F Dickens (London) discussed the regulation of 
enzymic reactions within the cell with special reference 
to carbohydrate metabolism Regulation can be 
provided by structural barriers within the cell, but 
also by enzymic mechanisms which do not require 
structural separation. of reactants Examples of the 
latter type are given by (1) control of rate of mito- 
chondrial respiration by the concentrations of 
inorganic phosphate and adenosine diphosphate , 
(2) ‘feedback’ by mhibrtion of the enzyme by the 
product of the reaction, for example, mbhibition of 
hexokmase by glucose-6-phosphate , (3) the exist- 
ence of different mechanisms for breakdown and 
synthesis, for example, the equilibrium of the uridine 
diphosphoglucose pathway of glycogen synthesis 1s 
much more favourable to synthesis than ıs the 
reversal of the phosphorylytic breakdown Dickens 
directed attention to situations where the pentose 
phosphate pathway 1s particularly active in relation 
to glycolysis, for example, m the lactatmg mammary 
gland, where its function 1s probably to provide 
reduced triphosphopyridine nucleotide for fat syn- 
thesis, and m the lens where its function 1s possibly 
to provide the same compound to keep glutathione 
reduced 
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H Chantrenne (Brussels) concluded the conference 
by a diseussion of the present status of the mvesti- 
gation of the mechanism of protem synthesis in 
general, and of enzyme synthesis in particular He 
pomted out that the earlier sharp distinction between 
adaptive and constitutive enzymes has been aban- 
doned The recent work of Ingram on abnormal 
hemoglobms has shown that even the fine details of 
the protem structure are controlled by the gene A 
mutation of a single gene causes a change of one 
amuno-acd in the polypeptide cham It is con- 
ceivable that the deoxyribonucleic acid of the gene 
contains the information which determines the 
sequence of amimo-acids in the protem chain This 
information must be transferred to the ribonucleic 
acid in the cytoplasm, where the protein 18 syn- 
thesized The function of the mducer, the presence 
of which 18 necessary for formation of an enzyme, is 
not known However, ıt has been shown that ıt acts 
in catalytic amounts, not autocatalytically This sug- 
gests that ıt acts on an enzyme-synthesizing mech- 
anism which is already present, perhaps:im an 
inhibited form In the discussion of this paper, 
Desnuelle pomted out that enzyme activity requires 
a specific configuration (tertiary structure) of the 
polypeptide cham The native form of an enzyme is 
a unique, unstable structure among many more 
stable structures It is, therefore, hkely that not 
only the arrangement of the residues along the 
chains but also the specific folding of these chams 
are gene-contiolled This must be taken mto account 
m any consideration of enzyme synthesis 

An unusual feature of this conference which had 
much to recommend it was that the programme 
called for only two speakers each day, one m the 
mornmg and one m the afternoon This enabled 
the speakers to give a long introduction (about 
45 min) for the benefit of non-specialists, before 
a coffee or tea break, after which the speaker con- 
tmued for a further 30-45 min A discussion then 
followed E CO SLATER 


ENERGY TRANSFER WITH SPECIAL REFERENCE TO BIOLOGICAL 
SYSTEMS 


HE mechanisms by which energy may be 
transferred from one atom or molecule to 
another have become a prominent theme of chemical 
kmetics, photochemistry and radiation physics—as 
well as of many biological processes The same 
fundamental processes and many of the outstandmg 
problems are common to each of these sciences, and 
those of biological systems, in particular, depend for 
their solution on development m other fields The 
efficiency and generality of energy transfer between 
molecules has been fully appreciated only quite 
recently, and the discussion on this subject, which 
was held by the Faraday Society at the University 
of Nottingham during April 14-16, was one of those 
timely meetings for which the Society 1s noted It 
was attended by two hundred physicists, chemists 
and biologists, about one-quarter of whom were from 
overseas 
The discussion was divided into two parts, the 
first concerned with energy transfer processes in 
general and the second with their occurrence m bio- 


logical systems After the president, Dr E W R 
Steacie, had welcomed the overseas visitors, the 
Spiers Memorial Lecture on “Transfer Mechanisms of 
Electronic Excitation’? was delivered by Prof Th 
Forster, of the Technischen Hochschule, Stuttgart 
This provided an excellent mtroduction to the first 
part of the discussion, which was concerned almost 
entirely with this topic The transfer of electronic 
excitation energy from one molecule to another can 
be & very efficient process which may occur, not only 
at every encounter, but even over distances of 50 A 
or more Apart from the ‘trivial’ process mvolvmg 
emission and re-absorption of light, this transfer can 
proceed by a radiationless mechanism known as 
resonance transfer, the imteraction between the 
molecules bemg one of dipole-dipole coupling and 
not overlap of electron orbitals which 1s significant 
only at much smaller distances The process is often 
also referred to as the Forster mechanism, and Prof 
Forster gave a clear account of the quantitative 
theory which he, prmeipally, has developed He 


No 4687 August 29, 1959 


discussed the application of the theory to forbidden 
transitions, transfer within one molecule and between 
like molecules, and pomted out that conditions for 
excitation energy transfer are very favourable m 
biological systems smce Nature often prefers a high 
local concentration of absorbing matter 

The first four papers of the discussion were all 
concerned with electronically excited organic mole- 
cules Prof G Porter and Dr M R Wnght (Univer- 
sity of Sheffield) discussed processes of deactivation 
involving change of multipheity In particular, they 
presented rate constants for the decay of triplet 
states of aromatic molecules m solvents of varying 
viscosity and m the presence of paramagnetic mole- 
cules and ions and gave an interpretation of the 
latter process im terms of overall Spin conservation 
rather than magnetic perturbation of spin-orbital 
couplng Dr A Weller (Technischen Hochschule, 
Stuttgart) described his work on the reactions of 
excited smglet state molecules, with particular 
reference to acid-base equilibria and proton transfer 
m the excited state Dr B Stevens (University of 
Sheffield), in the only paper dealmg with the vapour 
phase, described experiments which showed that 
transfer of energy from electronically excited benzene 
to anthiacene occurred over an average distance of 
76A Dr E J Bowen (University of Oxford) 
described fluorescence studies of the excited singlet 
States of anthracene derivatives, with particular 
reference to the mfluence of temperature and solvent 
viscosity The data indicate that two processes of 
radiationless conversion—probably to triplet and 
ground state—are operative 

There was much discussion following these papers, 
most of which was about radiationless transitions and 
particularly the effect of viscosity upon them Prof 
Porter had mterpreted this effect in terms of different 
configurations of the two states, and Dr Bowen’s 
explanation involved the attamment of a certam 
amphtude of vibration Prof H C Longuet-Higgins 
(University of Cambridge) thought that ıt was the 
removal of energy by the solvent which was mm- 
portant and that the greater efficiency of solvents of 
low viscosity was a result of their having the lower- 
frequency components necessary for this transfer 
Dr D H Whiffen (University of Birmmgham) sug- 
gested that 16 1s molecular rotation which 1s important 
and that a time-dependent mixing of singlet and 
triplet states 1s introduced by interaction between 
rotation and spm-orbit couplng Prof J D Bernal 
(Birkbeck College, London) pomted out the import- 
ance of structure and the inadequacy of viscosity as 
a measure of microscopic properties—a pomt which 
was emphasized by other speakers No general 
agreement was reached on these alternative theories 
in spite of the very valuable discussion 

The second scientific session began on the morning 
of April 15, with four papers on electronic energy 
transfer in solution Dr F H Brown, Dr M Furst 
and Prof H P Kallman (New York University) 
gave an account of their extensive work on energy 
transfer m rigid and liquid organic semtillator Systems 
mduced both by light and by ionizing radiations In 
these solutions as much as 10 per cent of the energy 
absorbed by the bulk material is emitted by the 
solute, and three mechanisms, m addition to the 
radiative one, are mvolved under various conditions 
These are (a) material diffusion transfer (in liquids 
only), (b) migration transfer , (c) single step transfer 
Dr J B Birks and K N Kuchela (University of 
Manchester) described similar studies ın polystyrene 
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solutions as a function of wave-length At concen- 
trations greater than 10-4 molar the transfer was 
found to be non-radiative Prof M Burton and 
H Dreeskamp (Notre Dame University) described 
the measurement of lummescence decay times in 
scintillator systems by a method utihzmg X-ray 
pulses of about 10 museo duration and concluded 
that the measured decay times were characteristic of 
excitation transfer processes Prof M Dole (North- 
western University, US A) and Dr T F Willams 
(Atomic Energy Research Establishment, Harwell) 
described further studies of the disappearance of 
unsaturated linkages on y irradiation of polyethylene, 
the high @ value of which shows that energy transfer 
processes must be operative 

In the discussion on these papers, Prof Kallman 
pointed out that the life-time of anthracene vapour 
molecules 1s shorter by an order of magnitude than 
that found m condensed phases, which Bowen sug- 
gested might be due to the fact that emission involves 
higher vibrational states of the excited gaseous 
molecule Dr Stevens said that the longer measured 
hDfe-time ın condensed media was probably due to 
re-absorption effects, a view shared by Birks, who 
emphasized that the ‘molecular’ life-time m condensed 
phases 1s as short as that found m the gas Prof 
Burton warned agamst over-confidence m values 
obtamed by the phase-shift technique, smce analysis 
of the data assumed an exponential decay which may 
not always be observed 

Dr A Szent-Gyorgy1 introduced the papers on 
"Energy Migration m Biological Systems" with a 
summary of the various ideas that have been mtro- 
duced in the past fifteen years semiconductivity, 
resonance energy transfer and electron transport 
Dr Szent-Gyorgyi dealt more specifically with the 
electron flow ın the respiratory chain and mtroduced 
a suggestion of his own, namely, that the partial 
charge transfer complexes that have been intensively 
studied durmg the past few years are the first steps 
m the one-electron oxidation processes that Michaelis 
first postulated 

These various aspects of energy transfer were dealt 
with in detail m the papers that followed M H 
Cardew and Prof D D Eley (University of Nottmg- 
ham) reported measurements on the semiconductivity 
of ammo-acids, hemoglobm and globin Their 
findings of small conductivity with activation ener gies 
of the order of 3 eV are in agreement with the values 
expected for a hydrogen-bonded CO HN system 
R Mason (University College, London) described 
some possible mstances of charge transfer in proteins, 
which have not yet found empirical foundation Dr 
G Weber and F J W Teale (University of Sheffield) 
reported on energy transfer m the hem protems 
which results m the quenehmg of the tryptophan 
fluorescence of the native protems and of the fluoi- 
escence of a conjugated group m hæm-protem con- 
jugates The results, which are m general agreement 
with Forster’s theory, permit some conclusions about 
the distribution of the hems on the surface of hemo- 
globin A paper by Prof Q H Gibson (University 
of Sheffield) described how hemoglobin formed from 
CO-hemoglobm by a hght flash had a much greater 
reactivity towards carbon monoxide than the ordinary 
hemoglobm into which it reverted spontaneously 
with a rate of 200 sec -! 

Four papers dealt with eneigy migration m photo- 
synthesis The background to the problems was 
presented by Prof B Rabmowitch and Dr S $ 
Brody (University of Illmois), who pointed out the 
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unique structural features of the chloroplast as 
revealed by the hght and electron microscopes and 
the difficulty, if not the 1mpossibility, of reproduemg 
these features m our simple model systems When 
the probable ways of energy migration in the chloro- 
plast are considered the resonance transfer among 
some 200 chlorophyll molecules formung a photo- 
synthetic unit appears the most likely Prof R 
Lumry (University of Minnesota) presented work by 
himself, J D Spikes and B Mayne in which smul- 
taneous measurements of Hull reaction velocity and 
fluorescence yield were carried out ‘The parallehsm 
of the two phenomena strongly favours the idea of a 
trapping centre to which the energy 1s transferred by 
resonance after its absorption by chlorophyll and 
where it is utilized in competition with the fluor- 
escence and other radiationless deactivation processes 
A paper by Dr L N M Duysens and J Amesz 
(University of Leyden) dealt with the quantum 
requirements of diphosphopyridine nucleotide m 
photosynthesis From this paper, as well as the 
previous work of Dr Duysens on the oxidation of 
cytochromes, and from recent data that Prof Britton 
Chance and T Yonatani (University of Pennsylvania) 
presented m the course of the discussion, m which 
fast simultaneous recordings of cytochrome oxidation 
(by absorption) and diphosphopyridine nucleotide 
reduction (by fluorescence) were obtaimed, 16 appears 
now certam that the simultaneous oxidation of cyto- 
chromes and reduction of diphosphopyridine nucleo- 
tide are among the earliest events m photosynthesis 
Prof R Livingston (University of Mmnesota) and 
Prof A Terenm, E  Putzeike and I Akimov 
(University of Lenigrad) dealt with properties of 
isolated chlorophyll, namely, the quenching of the 
triplet state and the photoconductivity, respectively 
Dr W A Hagms (National Institutes of Health, 
Bethesda) and W H Jennings (Duke University, 
USA) presented expenrments which showed the 
localization. as opposed to migration of the excitation 
m. the retinal rods, whileM J Cowan, J M F Drake 
and Dr R J P Wilhams (University of Oxford) 
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examined chelates of iron as models for the under- 
Standmg of the variations ın spectrum and redox 
potential of the cytochromes 

A paper by Prof Britton Chance and E L 
Spencer (University of Pennsylvania), which described 
the rapid establishment of redox equilibria m the 
cytochromes of cells and cell particles at the tem- 
perature of liquid nitrogen, was interpreted by the 
authors as suggesting a solid-state mechanism of 
electron flow among the cytochromes 

Prof D E Green (University of Wisconsm) con- 
cluded from the analysis of linked respiratory chain 
reactions that the electron transport 1s essentially a 
sohd-state process occurrmg in a lipid phase, but 
the discussion that followed this paper showed that 
the evidence was not regarded as m any way con- 
clusrve 

In a discussion of energy m the biological systems, 
adenosine triphosphate could not be omitted Although 
no paper dealt specifically with the properties of 
adenosine triphosphate, these were the subject of a 
lively discussion Briefly, some speakers thought 
that adenosme triphosphate has had greatness 
thrown upon ib by the accident of evolution, a dis- 
tinction which may just as easily have fallen on its 
humble cousin pyrophosphate Others believed that 
the rest of the molecule will be found to be indis- 
pensable m energy transfer Prof J A V Butler 
(University of London) summarized the evidence for 
the first view Dr J H Turnbull (Unversity of 
Birmmgham) put forward the case for the latter 

The past twenty years have seen great umprove- 
ments in the methods that reveal the purely structural 
features of biological systems Because of their 
success we have come to look for explanations of 
biological events m terms of structural factors alone 
The energetic aspect 1s equally important and mdeed 
complementary to the structural, and this meeting 
rendered a good service to the biological sciences by 
bringing attention to this often neglected pomt 

G PORTER 
G WEBER 


HEATING BY ELECTRON BOMBARDMENT 


LECTRON bombardment heating 1s produced by 

accelerating electrons from a thermionic cathode 
on to a specimen, by means of a d e voltage Simple 
focusing of the electron paths enables the heating 
to be highly localized and meltmg is achieved with 
very small power requirements These facts, together 
with an ease of power control and the necessity for 
vacuum operation, explain the preference for heating 
by electron bombardment m some applications 
Although used for very many years 1561s only recently 
that this method of heating has become more widely 
known through its application to the melting of 
refractory metals for the purpose of floating-zone 
melting’, welding?’ and evaporation! The growmg 
interest in this technique was shown by the attendance 
of one hundred and sixty visitors, from British and 
overseas laboratories, at & symposium on “Electron 
Bombardment Floatmg-zone Meltmg and Alhed 
Electron Bombardment Techniques", held at the 
Services Electronics Research Laboratory, Baldock, 
Herts, on March 10 


Several papers on electron bombardment floating- 
zone melting were given In this method, a rod of the 
material bemg purified ıs held at both ends in a verti- 
cal position and a molten zone ıs mduced in ıt by 
bombarding 1t with electrons from a circular cathode 
The molten zone ıs held stable by surface tension 
and this imposes an upper limit? on the maximum 
zone length, and hence diameter, of the specimen to 
be zoned Relative longrtudmal movement between 
the cathode and rod moves the zone along the rod and 
zone-refinng takes place The purified rod often 
becomes a single crystal Metals sometimes out-gas 
violently when melting for the first tıme in a vacuum, 
and & bombardment-current controller* 1s necessary 
to stabilize the current, which tends to fluctuate 
under these conditions Whereas vacuum operation 
is advantageous when zoning reactive metals, 16 has 
the accompanying disadvantage that considerable 
material may be lost by evaporation This has led 
most experimenters to use zone travel speeds which 
are too fast for segregation of impurities, and purifica- 
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tion 1s obtained mainly by evaporation of the lower 
melting pomt impurities from the molten zone and 
by out-gassmg «n vacuo A criticism of the method 1s 
that contamination of the specimen by the cathode 
can occur and is occasionally detected This can 
sometumes be overcome by using a cathode of the 
same material as the specrmen, for example, tan- 
talum, rhenmm, or by designing a cathode system 
which ‘hides’ the cathode from the molten zone 
No speaker reported any experiments on this 
aspeot 

A Calverley (Services Electronics Research Labora- 
tory, Baldock, Herts) described an improved electron 
bombardment apparatus’ which overcame the limita- 
tions of poor operating vacuum, visibility and speed 
range of his earlier apparatus* The main features 
of the new apparatus are similar to those of the 
Services Electronics Research Laboratory silicon 
crystal puller’, and zone-refining of refractory metals 
and semiconductors can be done m a vacuum of ~10-8 
mm mercury and sometimes better Of great 
practical value is the ability to move vertically up 
or down that part of a specimen below the molten 
zone during the zone-refimmg operation This enables 
variations in the diameter of the specimen, which 
occur during preliminary out-gassing, to be corrected 
and ıt can also be used for determmung the length of 
the molten zone, for with some metals it 1s difficult 
to see the boundarv between the solid rod and hquid 
zone With low melting-pomt metals such as alumin- 
1um, gold and copper, stable zones are drfficult to 
mamtain, but no dtfficulty 1s experienced with the 
more refractory metals Work with the earlier 
apparatus was of an exploratory nature and single 
crystals of tungsten, rhemum, tantalum, molyb- 
denum, rhodium, niobium, imdium, ruthenium, 
platinum and nickel were made rangmg ın size fiom 
2-5mm diameter and up to 18 em long The pioper- 
ties of these crystals are often found to be much 
closer to those of a perfect metal than was the case 
with the best specimens previously available For 
example, zone-melted molybdenum was found?’ to 
have the same tensile ductility at — 196? C as arc- 
melted molybdenum at — 30? C, and the super- 
conducting properties of tantalum prepared in this 
way were found to be quite close to those of an ideal 
superconduetor! At the moment, work with this 
apparatus 1s concentrated on producing pure crystals 
of tantalum, vanadium and niobrum for supercon- 
ductivity studies, these metals bemg obtamable with 
Vickers hardness numbers 68, 79, and 38 respectively 
The smallest specumen so far zoned ıs a 0 060 m 
diameter tantalum rod With alloys, the ability 
to zone-melt them depends on the vapour pressure of 
the constituents at the melting pomt of the alloy 
Thus whereas tantalum-niobium alloys may be zoned, 
tantalum-vanadium alloys of high tantalum content 
cannot be melted without almost complete evapora- 
tion of the vanadium Although possessing a high 
resistivity at room temperature, boron can be zone- 
melted providing a short electrical conduction path 
is maintained for the initial heating of the specimen, 
that ıs to say, if the bombarded region is within 
2-8 cm of the specunen holder Once the temperature 
of the boron rises, its resistivity drops and normal 
zonmg can take place Boron ıs prone to thermal 
shock fracture so that heating, cooling and traversing 
of the specimen has to be done slowly 

F O Jones (Associated Electrical Industries, Ltd , 
Research Laboratories, Aldermaston) has prepared 
molybdenum-rhenrum (50/50) and uranium -zirconium 
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(70/30) alloys and concludes that, providing the 
vapour pressure of a constituent of an alloy 1s less 
than 107? mm mercury, the alloy can be zone-melted 
without undue loss A description of prelimmary work 
on molybdenum-rhenium alloys was given by A 
Lawley (University of Pennsylvania) Huis apparatus 
differs from that of the other speakers at the sym- 
posium m that ıt ıs a typical bell-jar system with 
al components mounted on a common base- 
plate 

Molybdenum crystals up to 41m in diameter have 
been grown bv J A Belk (Armament Research and 
Development Establishment, Fort Halstead), moving 
the zone up a rod of swaged arc-cast material Their 
axes were in the section of the unit stereographic 
triangle bounded by (001), (101) and (112) Tensile 
tests showed an absence of a sharp yield-point at the 
pure end, and there was a reduction of carbon from 
0 008 to 0 002 weight per cent A mote sensitive 
method of analysis 1s required before any conclusions 
of the movement of carbon by zone-refining could be 
drawn The zone-melted material showed very much 
lower impact transition temperatures than arc-cast 
molybdenum, both ın single crystal and polycrystal- 
lne form For a carbon content of 0 002 weight per 
cent the values were — 140°C and — 50°C 1espec- 
tively Alloys of molybdenum with tungsten had 
been produced either by sintermg and zone-melting a 
powder compact, or by meltmg a molybdenum rod 
with a close wound helix of tungsten wire Some 
preliminary experiments on electron beam melting}? 
were reported In this technique, molten drops 
from the lower end of a bombarded rod are allowed to 
fall mto a cooled crucible and ingots of large diameter 
of vacuum-melted material are produced in this 
manner The experiments indicated that the power 
requirements were at least double those requned for 
floating-zone meltmg Out-gassing of the rod 
assumed much greater importance due to the mereased 
rate of melting, and an emission-curient limiter was 
required in addition to the normal type of emission- 
current controller 

F O Jones described his work on carbides and has 
found that titanium carbide (TiC) and tungsten 
carbide (WC) decompose at temperatures lower 
than their melting points Tungsten carbide (W.C) 
melted but decomposed with loss of carbon, and 
tantalum carbide (TaC) partially melted but also 
decomposed with loss of carbon A Calverley has 
found that vanadium diboride likewise decomposed 
with loss of vanadium 

Work on cobalt has been carried out by H Uwents 
(Rijks Universiteit, Gent) After 10 passes at a zone 
speed of 30 cm /hr ona 0 5 em diameter cobalt rod, 
he obtained a specimen which, after etching, revealed 
a small numbe: of relatively large grams X-ray 
diffraction photographs on either side of what 
appeared to be grain boundaries yielded the same 
diffraction patterns, from which he concluded they 
were m fact sub-boundaries It seems possible to 
grow single erystals of materials which have a trans- 
formation point, by zonmg at temperatures shghtly 
higher than the transformation pomt 

The contribution of D W Rhys (Mond Nickel Co , 
London) was coneerned with the electron bombard- 
ment floatang-zone melting of platinum, ruthenium, 
rhodium and indium, interest ın this technique for 
the last three metals resulting from the lack of 
ductility normally encountered at room temperature 
Analyses of a platinum bar zone-melted twelve times 
at 60 cm /hr showed that major purification occurred 
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by preferential evaporation of impurities, but there 
was nevertheless evidence of zone segregation, 
though at this high rate of traverse the process was 
imefficient Contammation of platinum by tungsten 
from the filament can occur, and in some instances 
the product may be inferior to the starting material 
Ruthenium single crystals prepared by the method 
can be bent readily but have not yet been cold worked 
successfully, and analyses of zone-melted bars have 
shown that purification occurs chiefly by preferential 
evaporation A rhodium single crystal bar prepared 
by zone-melting could be cold swaged to a 90 per cent 
reduction 1n area but on subsequent annealing became 
polycrystallme and possessed neghgible cold duetil- 
ity! Iridium single crystals prepared by the method 
are also more ductile than the polycrystalline material 
and, in this metal, zone segregation of nickel was 
observed, though the majority of impurities were 
reduced by preferential evaporation 

W P Allred (Battelle Memorial Institute, Ohio) 
also reported on the zone-refining of the platinum- 
group metals He finds that zone speeds of 7 5 em | 
hr give httle segregation of impurities whereas a 
speed of 1 25 em /hr gave very effective segregation, 
reducing most of the mmpurities below the spectro- 
graphic hmit Vacuum fusion analyses show the 
oxygen, hydrogen and nitrogen content to be as low 

.,8S from 7 to less than 0 2 p.p m 
` , One cannot bombard an insulator continuously 

with electrons because the electrons are unable to 
escape from the bombarded region, and the potential 
difference between cathode and target ıs reduced to 
zero To overcome this drfficulty, the insulator is 
bombarded at a voltage such that the ratio of second- 
aiy to primary electrons is greater than unity, and 
a secondary electrode is arranged to collect the 
secondary electrons A communication was sent to 
the symposium by T Bridges and R Strnad (Bell 
Telephones Laboratories) deseribing their work on 
zone melting of single-crystal sapphire rod 0 1 m in 
diameter They find that the bombarding voltage is 
restricted by the above condition, the vapour pressure 
is high and power requirements for a completely 
molten zone are much higher than those for surface 
melting only 

Talks on other applications of heating by electron 
bombardment followed those on zone-meltmg G W 
Warren (General Electric Co , Research Laboratories, 
Wembley) described the out-gassmg of molybdenum 
in the solid state at a pressure less than 10-7 mm 
mercury The molybdenum specimen and bombard- 
ing system are mounted in a glass envelope which 1s 
baked and sealed-off from the pumping system after 
firing a barium getter The air-cooled barium film 
absorbs any gas evolved from the molybdenum, 
which after heating for 8 hr at 2,100° C has an 
oxygen content of l p p m 

With floating-zone melting, a rod which ıs held at 
the ends only ean only support one molten zone 
To obtain the advantages of multiple-zone melting, 
P le Couteur (General Electric Co , Research Labora- 
tories, Wembley) used horizontal zone-melting to 
purify germanium Focused electron bombardment 
enables narrow zones, another pre-requisite of 
efficient zone-refining, to be obtamed The use of a 
vacuum instead of a gas ambient has further lowered 
the ultimate umpurity distribution 

Analysis of zone-refined specimens has placed fresh 
problems on the analyst © A Parker (Admiralty 
Materials Laboratory, Holten Heath) reviewed the 
present methods available for analysing high-puriby 
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materials One of the main problems is to obtam 
reagents which are as pure as the maternal bemg 
analysed To avoid the use of reagents, one can 
either use emission spectroscopy or solid-source mass 
spectrometry and these have m favourable cases a 
lmıt of detection of im 10? Toinvestigate impurity- 
levels lower than this ıt ıs necessary to label the 
impurity atom within the sample before carrymg 
out the analysis The most commonly used method 
1s to expose the sample to a flux of thermal neutrons 
by inserting ıt mto an atomic reactor The atoms 
become radioactive and impurities can be separated 
out by chemical treatment Any contamination by 
corresponding impurities in the reagents has no 
effect on the subsequent Geiger counter reading 
The sensitivity for this type of analysis may be as 
low as 5 x 10-2 gm , but unfortunately for some 
elements, either the neutron absorption 1s too low 
or the isotope produced has too short a hfe-time 
However, proton activation 1s being developed as an 
alternative to neutron activation for some of the 
light elements The principle bere ıs the same, but 
instead of labelling the impurity atoms by irradiation 
with neutrons, they are exposed to a beam of high- 
energy protons from a cyclotron — Using this method 
quantities of boron m silicon can be determined down 
to l part ın 10° Activation analysis by protons and 
other particles such as deuterons 1s stall m 1ts infancy, 
but ıt seems likely that methods for the determination 
of other light elements, including oxygen and nitrogen, 
will be developed ın due course 

The ease with which a molten drop of metal can be 
produced on the end of a vertically suspended rod 
using electron bombardment heating had made 
possible the determination of the surface tension of 
refractory metals at their melting pomt A Calverley 
described his drop weight surface tension measurement 
of liquid tungsten“ His value of 2,300 dynes/em 
is approximately 380 dynes/em less than Taylor's 
estimated value) A sohtary determination foi 
tantalum gave 2,020 dynes/em , which ıs 310 dynes/ 
em less than Taylor's value However, J C Kelly 
(Atomic Energy Research Establishment, Harwell) 
has used the sessile drop method for one determination 
only and obtamed a value for tantalum which 1s m 
agreement with Taylor’s value 

J C Kelly deseribed the evaporation of thin films 
of tantalum and zirconium‘ from a pendant drop on 
the lower end of a verticalrod A simple arrangement 
of focusing plates enables contamination by the 
cathode of the drop or the target to be avoided He 
has observed that, above a certam temperature, 
oscillations of the pendant drop occur The rate of 
evaporation from pendant drops bombarded with 
electrons 1s the subject of a recent paper by Heavens!* 
Its application to ‘Evaporion’ pumps was discussed 
by L Holland (Edwards High Vacuum, Ltd , Crawley, 
Sussex) 

A silicon crystal pulling furnace using heating by 
electron bombardment was described by D B 
Gasson (Associated Electrical Industries, Ltd, 
Aldermaston) A central pool of molten silicon in a 
randomly shaped silicon charge resting on a water- 
cooled hearth 1s maintained by beams of electrons 
from four guns situated approximately 12 m above 
the silicon to reduce mutual contamination Each 
beam can be focused individually and its power 
varied This obviates the need for seed rotation 
because the thermal condition of the melt can be 
varied at will The oxygen content of crystals pre- 
pared in this furnace is sunilar to that found in 
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silicon rods prepared by floating-zone melting in a 
vacuum or dry hydrogen 

The construction of nuclear fuel elements necessi- 
tates the welding of a variety of reactive metals and 
ther alloys, such as zirconium, titanium, molybdenum 
and berylium Welding by electron bombardment 
heating?* has been found to give a better-quality 
weld for most metals than welding ın an inert gas 
P Thomé (Centre D'Etudes Nucléaires de Saclay, 
Fiance) described various electron guns m which the 
electron beam 1s focused to a target spot rangmg in 
diameter from 0 01 mm ? to 0 3 mm ? for 20 m amp 
and 1 amp bombarding currents respectively at 
20kV The beam of electrons passes through a hole 
m an eaithed screen situated close to the components 
being welded, which are also at earth potential This 
reduces the risk of glow discharge and arcing when 
fusion occurs A further advantage is that there ıs 
no variation in the focus size with different shapes 
of pieces bemg welded With the use of pulse heating, 
it 1s possible to apply a very high power to a small 
area and, if the speed of the work-piece 1s correctly 
related to the frequency of beam chopping, the weld 
consists of a series of overlapping spots This permits 
a greater weld penetration and avoids the collapse 
of the sides of the weld due to metal flow which may 
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happen in continuous welding, and also mmumuzes the 
area of recrystallzation 

The general impression left by the conference was 
that in spite of some fundamental disadvantages, 
heating by electron bombardment will continue to 
play an important part ın the science and technology 
of the more refractory metals and insulators, and will 
undoubtedly find other applications 1n high-tempera- 
ture researches A CALVERLEY 
x Davisa , Calverley, A , and Lever, R F,J Appl Phys , 27,195 
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TRANSISTOR CONVENTION AND EXHIBITION 


N International Convention on Transistors and 
Associated Semiconductor Devices was held 
at Earls Court, London, durmg May 21-27 The 
Convention was orgamzed by the Electronics and 
Communications Section of the Institution of Elec- 
trical Engmeers, which also promoted the Inter- 
national Transistor Exhibition held at Earls Court 
during the same period The opening lectures were 
given by Prof J Bardeen, Dr W H Brattain and 
Ih W B Shockley Some thirty further lectures 
were distributed among the eleven general and eleven 
specialist sessions that followed (mostly two at a 
time m parallel), brief summaries were presented of 
some eighty original papers, and some thirty-seven 
further original papers, of which either the full text 
or a brief digest had been previously circulated to 
those attending the Convention, were taken as read 
The discussions at the sessions were rarely lively, 
perhaps because of the size and formahty of the 
meetings and the acoustical defects of the halls (it 
was surprising not to find transistorized roving 
mucrophones provided to overcome this difficulty) 
In his lecture Shockley considered the factors 
limitmg the capabilities of the ‘transistor-diode’—a 
silicon transistor operated without external base 
connexion up to voltages at which avalanche multi- 
plication at the collector junction compensates for 
the inrtially low injection efficiency of the emitter— 
as a fast switch for heavy currents The tendency 
(due to the transverse ohmic voltage drop in the 
base 1egion) for part of the emitter Junction to draw 
to itself current from the 1est could be overcome by 
switching on quickly enough after ensurmg (by a 
sutable controling wave-form) that the whole of 
the emitter is first just-sufficiently turned off As 
an example an oscillogram was shown of a cunent 


pulse 1ising to 50 amp m 20 musec across a load 
of about 05 ohm In a sepaiate paper Shockley 
showed that the mmumuization of the total capacitance 
of the emitter junction (also necessary m the device 
Just considered) 16quires an optimum finite depletion 
layer thickness, on account of carrier storage in the 
layer 

Pritchard’s lecture brought out the unsatisfactori- 
ness of present commonly used equivalent circuits foi 
transistors, particularly as regards the representation 
of the base resistance Linvill generalized the 
Thevenin and Norton representations of a 2-termmal 
network to cover 2-ports, including the effects of 
internal ‘contammation’ generators representing, for 
example, noise or the dependence on temperature of 
de parameters, and showed how the choice of an 
optimum source impedance could be solved generally 
for each of the last two situations J J Sparkes 
showed that for some proportion of transistors the 
components Cy, and Gye of the hybiid-pi equivalent 
circuit depart from ther expected dependence 
on frequency, and suggested that the departures 
could be accounted for in terms of minority-carrier 
storage either m the emitter region or laterally in 
the base region The effect could be correlated with 
anomalies in the switchmg characteristics 

The concept of charge-control (m contrast to 
eurrent-control as generally considered typical of a 
transistor and voltage-control of a vacuum tube) 
was apphed in detail by Beaufoy and by Krurthof 
to the quantitative description of the switching char- 
acteristics of transistors, and a generalized justifica- 
tion of the concept was presented in the lecture by 
Prof Middlebrook 

Several papers set out to consider costs as related 
to some of the combinations of technologies now 
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possible in the manufacture of transistois im large 
quantities Although full agieement was lacking 
(not surprisingly, m view of the different markets 
and different degrees of reliability sought), a con- 
sensus of opinion seemed to favour one or other form 
of ‘mesa geometry, using diffusion alone or together 
with alloying, as the structure of the future By the 
use of ‘photo-lthographiec’ o: othe: masking methods, 
lage numbers of junctions could be completed 
simultaneously on each wafer of germanium ol 
sSiheon, leaving a mmimum of handling for the 
mounting and encapsulation of the individual 
transisto1s 

Atalla reported experiments on the electiical 
stabihty of silicon surfaces on which a thick (300 A 
or more) oxide layer had heen grown by exposure 
to water vapour or oxygen at about 1,000°C Such 
surfaces showed exceptional fieedom fiom effects 
usually ascribed to changes in the density or nature 
of ‘slow’ electronic trapping states on the outer 
surface of the oxide , a reversible creep effect observed 
for a humid ambient in the leakage current of a p-n 
junction havmg such a surface treatment was 
ascribed to the inversion layex induced im the underly- 
ing silicon on. one side of the junction by the mobile 
ions electrolytically separated ın the adsorbed water 
film as & result of the bias voltage applied across the 
junction The oxide layer itself could with- 
stand some 01 V per angstrom of thickness and 
should preferably be made thick enough to sup- 
port the full bieakdown voltage of the bulk p-n 
junction 

The reliability of complete devices was considered 
explicitly in two papers, one of which showed that 
the activation energy for the agemg mechanism for a 
particular type of p-n-p alloyed germanium unit 
was about 1 2 eV , the end of useful hfe bemg brought 
about by the onset of rapid increase m leakage 
current and noise m a way characteristic of attack 
by wate: on the germanium surface 

A number of papers were devoted to the electrical 
parameters of semiconductor devices, and to their 
measurement The frequency limitation (at about 
1,000 Mc /s) set by the base width of transistors 
could be avoided by using single junction devices 
such as the variable-capacitance diode, and the diode 
proposed by Esak: in which the depletion layer 1s 
so thin as to allow tunnel effect to dominate the be- 
haviour at low forward biases It was necessary in 
high-frequency measurements to bring the pomt of 
measurement as close as possible to the envelope of 
the device Measurements in the switching field 
were dominated by the charge-control approach, 
which uses rectangular wave-forms and OR net- 
works 

Sixty-four papers were devoted to applications , 
computers and switching applications were much the 
most prominent Here the low power consumption 
and promised high reliabrhty of transistors were seen 
to be of paramount importance, particularly as the 
earher limitations on speed of operation were being 
largely overcome by developments im high-speed 
switching tiansistors Chaplin illustrated the use of 
selected high-frequency alloy transistors (having 
a cut-off frequency of current gam of only 
about 10 Mc /s ) m the avalanche mode to generate 
pulses with times of rise of the mulimicrosecond 
order 

Second in prominence to computers was the field 
of communications , here once agam the transistor 
could reduce the size and power consumption of both 
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mobile and fixed equipment and sometimes obviate 
the need for buildings A paper by Guosser on 
space-division electronic telephone exchanges illus- 
trated the important part that the pnpn structure can 
play as a substitute foi a cross-point switch Cave, 
Neu and Sm have used some specially made point- 
contact germanium diodes as variable reactance 
modulators to control up to several hundied milli- 
watts of power at millimetre wave-lengths, with 
switching times as low as 3 musec 

Power diodes, silicon four-laye1 controlled rectifiers, 
and power transistors were all bemg applied to power 
supply and control Besides emphasizing the small 
size and high efficiency of these devices, papers 
dneeted attention to the protection problems a1ismg 
from the rapidity with which damage can occur 

In instrumentation, the diverse properties of semi- 
conductors were bemg appled to a very wide 1ange 
of appheations There were papers on the design of 
Hall effect multiphers, and also on single-crystal 
infra-red detectors using intermetallic compounds 
Klem and Straub suggested that fast-neutron dosi- 
metry could be carriod out by electrically assessmg 
the damage caused in germanium and silicon, and 
proposed an assembly of high-resistivity p-type 
germanium and lithium-6 for thermal-neution dosi- 
metry McKenzie and Bromley dealt with the 
use of gold-germanium junctions as proportional 
particle spectrometers having a fast 11se-time 
(< 3 museo ) 

The exhibition was very well staged and paid due 
attention to research and up-to-date development as 
well as more conventional technology The many 
pieces of equipment using transistors illustrated well 
them veisatihty and wide field of application The 
exhibition showed also the extent to which industries 
ancillary to semiconductor technology, producing 
equipment such as furnaces, radio-frequency heaters, 
air-conditioning equipment, contiol instrumentation, 
etc , and supplies of high-purity materiel, are spring- 
ing up Among the newer semiconductor devices 
were mesa transistors from the United States and 
four-layer controlled rectifiers, and among the applica- 
tions was a high-speed sampling oscilloscope ex- 
hibited by the Atomic Energy Research Establish- 
ment The University of Birmingham showed 
experimental work on space-charge-limrted currents 
in cadmium sulphide crystals Associated Electrical 
Industries Research Laboratories showed some of the 
results of them investigation of eteh-pits and other 
surface defects on germanium and silicon ciystals, 
and of the diffusion of aluminium towards dislocations 
m silcon crystals 

This Convention was not intended as a continuation 
of the  Readmg-Amsterdam-Garmisch-Rochester 
series sponsored. by the International Union of Pure 
and Applhed Physics, but iather as one to bring 
together the speciahsts from among the makers and 
users of transistors It had something in common 
with the germanium and silicon materials and devices 
sessions of last year’s Brussels conference It 18, 
however, to be hoped that the organizeis of future 
conferences on transistors and related devices will 
take note of the very real risks of devaluation of the 
meetings caused both by overloading and by dilution 
of the programme with material that is either not 
pertinent enough or novel enough to those (generally 
aheady more or less expert m the subject-matte1) most 
likely to benefit from the discussions 

F F ROBERTS 
H G BASSETT 
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NEW MEDICAL-SURGICAL BUILDING OF THE ONTARIO 
VETERINARY COLLEGE 


Tee new medical-surgical building of the Ontario 
Vetermary College was opened recently by two 
munusters of the Province, the Minister of Agriculture, 
the Honourable W A Goodfellow, and the Minister 
of Public Works, the Honourable T R Connell In 
Canada and the United States there 1s a division of 
responsibilities for certain service between the federal 
and the loeal government, and in both countries 
education 1s a local responsibihty and provided by 
the Province or the State The College was founded 
in Toronto as a private institute m 1802 by Andrew 
Smith, a graduate of the Royal Dick Vetermary 
College in Edinbuigh, and was acquired by the 
Government of Ontario m 1908 It was affiliated to 
the University of Toronto at that time and was 
tiansferied to Guelph m 1922 The present dean, 
Dr T Lloyd Jones, a Welsh-born Canadian, was 
appointed in 1952 Dr Jones has done a great deal 
to improve the teaching and research facilities of the 
College He 1s mterested ın the broad field of veter- 
inary education, has travelled 1n the United States, 
South America, India and Europe, to study this 
subject and has acted as a consultant on international 
problems ın vetermary education 

The new builddmgs provide incomparable facilities 
fo. teaching clinical subjects , the olde: accommoda- 
tion has also been retamed for housing animals for 
disease investigation, thus greatly increasmg the 
available animal space To provide a similar building 
in Britain would cost about one million pounds 
Facilities for teachmg the preclinical subjects are 
provided on the same generous scale, and 16 1s pro- 
posed to re-house some of these departments m the 
next few yeais Generally, the vetermary schools 
m North America are on a more lavish scale than 
those m Butan At Guelph the new accommodation 
brings the college to a very high level even by Amen- 
can standards There is only one other college in 
Canada, at St Hyacimthe, Quebec, where instruction 
1s given m French 

The College ıs affihated to the University of 
Toronto, but its administration ıs vested largely in 
the dean and the Vetermary Faculty, with responsi- 
bihty to the Ministry of Agriculture Courses of 
study are submitted to the Senate of the University 
of Toronto As a result of the growing demand for 
university education in Canada, the educational 
institutes at Guelph may, in the not too distant 
future, attain full university status If this takes 
place 1t would be a reversal of the pattern so common 
in Britain. where arts and humanities so often precede 
the science subjects Guelph would be unique in 
having veterinary science as its oldest faculty, 1802, 
followed by agriculture twelve years later This 
latter has developed into a very large faculty com- 
plising large units for each of 1ts component subjects 
Guelph and Toronto are about sixty mules apart, 
but this distance has not prevented close collaboration. 
between members of the medical and veterinary 
professions in a number of research subjects For 
many years there has been a close laison between 
the Department of Physiology of Toronto Medical 
School and the Surgery Department of the Vetermary 


College In the more recent past a jomt team of 
medical and veterinaly workers has carried out an 
investigation on atherosclerosis and studied the effect 
of certam phospholipids in exper:mental work on pigs 

The new building is constructed m red rustic brick 
and modern building materials have been utilized 
in the floors, walls and ceilings, each suitably selected 
for function but designed in such a way that esthetics 
and function combine to form a most attractive 
building Those who planned the buildings studied 
the layout of a number of clinical departments They 
were able to avoid the faults which experience had 
brought to light ın several schools There are several 
operating theatres equipped for large animals and a 
number of small animal theatres all serviced by 
central sterilization The X-ray equipment is 
specially designed for large animals and has special 
Buckie screens for use with horses and cattle A 
large therapy unit is also available Housmg has 
been provided foi all types of animals, and the small 
anima] unit is up to the standard of a modern hospital 
and 1s air-conditioned throughout 

In meeting the cost of this magnificent new 
buildmg the Provincial Department of Agriculture 
has recogmzed the great contribution that can be 
made and has been made by the vetermary profession 
on an increasing scale to the economy of the country 
This type of clinical department ıs particularly 
essential m vetermary schools where the teaching 
material cannot be provided m existing hospitals 


Eleventh Annual Convention of the Canadian 
Veterinary Medical Association 


The Convention, held im the Ontario Vetermary 
College, was attended by more than six hundred 
veterinarians fiom Canada, the Umited States, 
Great Britam, South America and the Caribbean 
area The visitors meluded practitioners, federal 
and provincial workers, and those interested im 
research, education and public health ^ Meetings 
were held in the new hall and in the Agnicultwal 
College buildings In a presidential address, Dr J N 
Henderson, professoi of clinics, expressed the view 
that gieat changes were taking place in agriculture, 
that farming was no longer a way of life but was be- 
coming a means of earning a living and that small 
units would have to merge to form a unit that would 
give a financial return comparable with other occupa- 
tions The veterinary profession would have to train 
graduates who were fully aware of economic factors 
in animal production and be able to provide an 
appropriate professional service 

There were papers on many aspects of modern 
surgical techniques in large and small animals and 
an up-to-date review of the application of radiology 
to veterinary practice Fundamental aspects of 
bacteriology and virology were discussed, and 
papers dealt with the zoonoses with particular 
reference to government participation in schemes 
of control The role of the profession ın the civil 
defence programme was outlined The structure of 
the poultry industry in North America has changed 


696 


radically duimg the past ten years and the role 
of the profession in these new circumstances was 
discussed While there 1s a general acceptance 
that the medical and vetermary professions have 
a great deal m common in teaching and research, 
the mam divergence arises at the pomt of appli- 
cation to their respective patients Economic con- 
siderations aie of greatest mfluence m the poultry 
industry, where a setback m rearmg birds may repre- 
sent the difference between a profit and a loss, there 
are simlar considerations w:th al] the farm animals 
and 11s only with pet animals that sentiment replaces 
economic considerations The diverse problems arising 
in controlung rabies were discussed and a film was 
shown of clinical cases of rabies ın dogs, cats and 
cattle In North America there is a reservoir of 
infection m wild hfe—foxes wolves, skunks—and 
relatively few cases in dogs In Trinidad there 1s a 
vastly different problem where vampire and other 
bats act as reservoirs and the epizootic pattern m 
cattle varies with the disease position m. colonies of 
bats These colonies break up and disperse when 
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furious rabies develops and causes infection in. cattle 
in new areas In Great Britam dogs and cats entering 
the country aro held m quarantme for six months 
and it ıs clear that this js a small price to pay for 
freedom from this disease ‘There were three British 
vetermarians piesent who contributed to the pro- 
ceedings J N Ritchie, chief vetermary officer of 
Great Britain, presented a paper which surveyed the 
present position of the vetermary services m. Britain. 
and W L Weipers, of the University of Glasgow, 
reviewed developments m vetermary education 
D D Lawson, of the University of Glasgow, presented. 
a paper on thoracic surgery and gave a televised 
demonstration of volatile anesthesia ın the cow and 
the dog 

This Convention provides a forum for the discussion. 
of scientific and administrative matters which affect 
the profession in Canada As Guelph is the alma 
mater of the majority of vetermarians who live in 
Canada, the meeting m this city also took on the 
character of an alumnus reunion and the social 
functions were very well attended 


CONTROL OF GOVERNMENT RESEARCH AND DEVELOPMENT 
EXPENDITURE IN BRITAIN 


HE seventh special report from the Select 
Committee on Estimates for the session. 1958-50* 
contams the observations of the Treasury on the 
sixth report from the Select Committee for the 
session 1957-58 dealing w:th Treasury control of 
expenditure (see Nature, 182, 1467, 1958) While 
tho Treasury agiees with the Commuttee’s general 
analysis and many of its comments on particular 
pomts, the Treasury suggests that ın some respects 
the Commuttee’s conclusions imply some muscon- 
ceptions of what 1s needed, what 1s possible and what 
is i fact done It is clarmed that the theory of 
departmental responsibility and partnership has been 
steadily pursued under successive Governments for 
about forty years, and the Treasury does not agiee 
that, while new exponditure may be carefully 
watched contmumg expenditure may escape rela- 
tively unchallonged Although the main responsibility 
for vigilant watching for economy m contimuing 
expenditure ests, and must 1es», with the spending 
Department, the Treasury does m. fact supplement 
the Department’s own efforts by mamtainmg a 
constant watch on contmuing expenditure, as 
well as by brmgimg particular areas of such 
expenditure under special review from time to time 
A gh proportion of the Treasury’s time 1s in 
fact devoted to considermg such continuing expend- 
iture 
On the Commuttees suggestion that eventual 
commutments are madequately assessed, the Treasury 
points out that a wide degiee of uncertainty must 
often remain as to the eventusl cost of research policies 
or major developments involvmg the solution of 
scientific and technical research problems , the com- 
ment is made that ıb 1s unrealistic to suppose that 
some alteration of financial technique m the Treasury 
could avoid such difficulties. Secondly, the Treasury 


* Seventh Special Report from the Select Committee on Estimates, 
Session 1959-59 Treasury Control of Expenditure (Observations of 
the Treasury Pp 16 (London HM Stationery Office, 1959 ) 
1s net 


pomts out that forecasts of all civil expenditure, up 
to three yeas ahead, have in fact been prepared 
annually for many years past, and play a very m- 
portant part m the general contiol of Government 
expenditure Without clarmimg that the technique 
of ‘forward looks’ ıs yet as fully developed or 
effectively explorted as ıb might be, the Treasuy 
points out that Ministers aie able to decide how far 
ib 18 necessary to review existing policies reflected 
in the forecasts, and to adjust new policies which they 
may have had m mind, to contem the total of 
Government expenditure within acceptable hmits In 
devoting furthe: attention to this matter, the 
Treasury undertakes, however, to have full regard 
to the Commuttee's comments Again, while the 
Treasury agrees generally with the Committee as to 
the ımportance of prior sanction control, and also 
that the lmıts of delegated authority should be 
periodically reviewed as 1s at present done, ıt does 
not mterpret the Commuttee's report as recommending 
mn general any major change in the existing policy It 
agrees with the Commuttee’s view that delegation so 
far as ıs compatible with the reservation to the 
Chancellor of the Exchequer of the power to dis- 
charge effectively his own essential responsibilities 
18 primarily an attitude of mund which should lead 
to action whenever opportunity offers , but the three 
criteria, suggested by the Select Committee in this 
connexion are regarded neither as & complete guide 
nor, within the giound they cover, as a wholly reliable 
one 

The Select Committee on Estimates had recom- 
mended specifically that a small mdependent com- 
mittee, which should have access to Cabinet papers, 
should be appomted to report upon the theory and 
practice of Treasury control of expenditure This 
recommendation the Treasury does not accept, and 
the report sets forth at some length the reasons why 
the Government 1s not prepared to accept the 1ecom- 
mendation, although in view of the Commuittee’s 


No 4687 August 29, 1959 


observations, the Government is mitiatmg an intei nal 
inquiry, to be conducted under the general authority 
of the Chancellor of the Exchequer, into the principles 
and practice which govern the control by the execu- 
tive of public expenditure The conclusions reached 
by the Government will be reported to Parliament 
in due course 

The Treasury recognizes that tho operation of 
Treasury control should be under constant review, 
but 16 does not consider that a review by an outside 
committee would be useful, partly because ıt would 
involve, in effect, a review of the Chancellor’s con- 
ception of his own responsibilities, and partly because 
16 would probably be found that a review of this kind 
would need to be extended beyond the Treasury 
rüself into Parliamentary practice and into the 
financial control exercised by each major Department 
of State The Treasury submits that ıt would be 
mappropriate for the Government to seek recom- 
mendations on Parlamentary practice from a body 
independent of Parliament, and that a realistic 
appraisal of the Government’s financial control 
involves also consideration of the working of the 
central processes of government It would also be 
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inappropriate, the Treasury believes, for an inde- 
pendent committee to scrutinize and pronounce on 
the mner counsels of Government or on the resulting 
decisions, for which the Government ıs responsible 
to Parliament alone 

Some reservations may be entertained on these 
poimts, but so far as the scientist or technologist 1s 
concerned, comment may well be left until the com- 
mittee inquiring into the methods of managing and 
controlling research and development projects, of 
which Sir Solly Zuckerman has now succeeded the 
late Sir Claud Gibb as chairman, ieports in due 
course It should suffice to note meanwhile that the 
Treasury 1s very conscious of the need fo1 strengthen- 
ing and developmg on the right hnes, the contiol, 
whether by the Treasury or by Departments, of 
expenditure on research and development, and 1s 
in broad agreement with the Commuttee’s observa- 
tions on these matters Duscussions of which the sub- 
committee was informed in evidence have already 
resulted in agieed arrangements, which ıt is hoped 
will prove satisfactory in practice, for the closer 
association of the Treasury with work on defence 
research and development progiammes 


THE U.S. NATIONAL ACADEMY OF SCIENCES—NATIONAL 
RESEARCH COUNCIL, 1957—58 


HE report of the US National Academy of 

Sciences—National Research Council for 1957- 
58 (Washington, DC National Academy of 
Sciences—National Research Council, 1959), pub- 
lished with the Piesident’s review and the report 
of the Treasurer, covers briefly the work during the 
year of the eight divisions of the Council, of the 
United States National Commuttee for the Inter- 
national Geophysical Year, and of the Office of 
International Relations and the Office of Scientific 
Personnel The president, Dr D W Bronk, pomts 
out that the operating budget of the Academy 1s 
now about 10 6 milhon dollars, an merease of 3 5 
milhons on 1956-57, and two-thirds of its direct 
expenditure came from federal agencies A major 
undertakmg (at the request of the Air Research and 
Development Command) of the year was a study of 
the scientific and technological future of the Air Force, 
while the Council's Highway Research Board ıs now 
responsible for conducting the American Association 
of State Highway Officials Road Test at a cost of 
more than 20 millon dollars The Committee on 
Meteorology, formed two years ago, has completed 
its study of how meteorology could be furthered, 
with reference to the needs of the Weather Bureau, 
and has proposed the establishment of a National 
Institute of Atmospheric Research During the 
year a Committee on Oceanography was organ- 
ized and the Division of Mathematics, with the 
assistance of the National Science Foundation, 
completed its survey of research potential and 
trammg in the mathematical sciences At the 
request of the Secretary of Commerce the 
Academy 1s organizing a commuttee to evaluate 
the functions and operations of the Department 
in relation to national needs, with especial refer- 
ence to the National Bureau of Standards, the 
Weather Bureau, Patent Office and Office of Tech- 
nical Services 


Among miscellaneous activities of the Council not 
assigned to a division, the report notes those of 
the Advisory Board on Education, which has given 
special attention to improving the education of 
teacheis and to studies of science curricula and 
courses, the commuttees concerned with the study 
of the biological effects of atomic radiation, the 
establishment in February 1958 of a Committee 
on Polar Research and the work of the Space Science 
Board, which held its first meeting m June 1958, and 
is studymg the opportunities for scientific research 
opened up by the advent of modern satellites and 
rocket tools and their needs 

To a certain extent, some of the activities described 
in this report, such as those of the United States 
National Committee for the International Geophysical 
Year and the Office of Scientific Personnel, are 
covered by the annual report of the National Science 
Foundation, from which they received financial 
support and need not here be further described Of 
those of the Research Council’s own eight divisions 
a few examples are selected for illustration The 
Division of Anthropology and Psychology partici- 
pated m some cross-disciplinary projects including 
a contract with the Air Force for a study of problems 
connected with bio-astronauties, under the super- 
vision of the Division of Medical Sciences, and a con- 
ference on Psychological Research in Education It 
is also admunistratively responsible for the Armed 
Forces—National Research Council Commuttee on 
Vision. The Division of Biology and Agriculture 
reports no new major projects The Division of 
Chemistry and Chemical Technology at its annual 
meeting was concerned with mternational chemical 
affairs and the improvement of documentation imn 
chemical literature but reports no outstandmg 
activities of 1ts units 

The Division of Earth Sciences rendered advisory 
services to the Federal Government through its 


698 


committees and also conducted the Arctic Sea Ice 
Conference m February 1958 at the request of the 
Government The Division of Engmeermg and 
Industrial Research provided advisory services over 
a wide field of mnereasmg importance and complex- 
ities, including such matters as electrical msulation, 
fiio research, highway research, building research, 
prosthetics research The Division of Mathematics 
appointed two new committees, one on statistics and 
the other to report both to the Division and to 
the Advisory Board on Education, on mathematical 
films and television The Division of Medical 
Sciences initiated a new project in medical genetics, 
which will establish a large roster of veteran twins, 
diagnosed as to zygosity, as well as other studies of 
rheumatoid arthritis, lesions of the lumbar disk 
and Japanese B encephalitis The interest of the 
Sub-committee on ‘Trauma continued to centre 
on the treatment of burns particularly those ım- 
volving the respiratory tract The Drvision also 
participated in the establishment of the Inter- 
departmental Committee on Blood Programme 
Research and through its Committee on Sanitary 
Engmeermg and Environment the Division is m- 
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cieasingly concerned with toxicological hazards arising 
from the 1apid introduction of many new types of 
material mto industry and into the home The 
Committee on Tissue Transplantation sponsored a 
symposium on serological immaturity and agamma- 
globulmemia and non-specific forms of lowered 
resistance to transplanted tissues, mcluding the 
effects of radiation and cortisone A primary aim 
of a revised programme of the Committee for Research 
into the Problems of Sex is the encouragement of 
young investigators mterested in careers in the field 
of behavioural research 

The Division of Physical Sciences reports a balance 
between activities m response to requests from the 
scientific community and in response to Government 
requests and between those ın physical science and 
ın applied science Its Committee on Nuclear Science 
continued to be the largest and most active Its 
services to the Government included those of the 
Committee on Undersea Warfare and the Mine 
Advisory Committee, and the ciitical review of Aur 
Force research and development planning noted 
above and a review of the activities of the National 
Bureau of Standards 


CLERICAL SALARIES IN BRITAIN 


HE eighth of the Office Management Association’s 
surveys of clerical salaries embraced a sample of 

almost ninety thousand clerks* For the most part, 
these were employed in private commercial, industrial 
and professional offices In addition, one part of the 
survey ielated to clerks employed m the public 
service, nationalized mdustries, and the jomt stock 
banks In one form or the othe1, therefore, the survey 
supphed information about the salaries of clerks m 
all paris of the British economy 

Women clerks formed 64 per cent of the clerks in 
the sample This compares with the 67 per cent of 
women among the clerks employed in the correspond- 
ing mdustries in 1951 when the last census of 
population was taken 

The clerks were employed in a wide variety of 
British mdustries but some industries were better 
represented in the sample than others ceramics, 
glass and cement, etc , chemicals and allied trades , 
metal manufacture, engineering, shipbuildmg, and 
electrical goods , textiles, food, drmk and tobacco, 
other manufacturing mdustries were well represented 
by samples amounting to 10 per cent or more of the 
clerks employed in mdustry The very large number 
of clerks employed ın vehicle manufacture, distribu- 
tive trades, and in professional and muscellaneous 
services, were represented by samples of less than 
5 per cent There had been no change since earlier 
surveys m the proportion of clerks employed on 
work of this kind For the men this proportion was 
only 60 per cent, but 83 pei cent of the women 
were ın routine jobs 

On the whole, male clerks’ salaries have risen 
between 12 and 16 per cent m the past two yeais 
and those of women clerks between 11 and 13 per 
cent The exceptions to this pattern are male clerks 
domg the lowest grades of routine jobs, whose 
salaries have risen by between 16 and 27 per cent 
and the women domg the lowest grade of routine 


* Olerical Salaries Analysis, 1958 


(Office Management Association, 
58 Victoria Street, London, SW 1) 428 


Jobs, whose salaries have risen by 14 per cent (clerks 
under twenty years) and 17 per cent (clerks over 
twenty years) As the mdex number of retail prices 
has risen by 7 per cent durmg the same period, the 
real salaries of the clerks have gone up between 
nearly 5-9 per cent for men and 4-6 per cent for 
women Superimposed on this general merease 1s a 
large rise for clerks domg the lowest routine jobs 

Manual workers’ wage rates during the period from 
February 28, 1956, to the same date in 1958 rose by 
just over 11 per cent Clerical salaries, therefore, 
rose as much as, or more than, the wage rates of 
manual workers durmg the past two years Wage 
rates do not, however, tell the whole story concerning 
manual workers’ share of the national economic 
cake , the fluctuations m their earnmgs may differ 
quite considerably from the fluctuations in wage 
rates No similar complication affects clerical salaries 
to anything like the same extent 

It appears, nevertheless, that clerks have m this 
period done rather better than manual workers in 
the contmuous process of redistributmg mcome This 
comes after a decade ın which male clerks have been 
losing ground to manual workers 

Increases have been proportionately less for clerks 
engaged on more senior and responsible work Many 
have scarcely had any imorease m salaries at all over 
and above that accounted for by the fall m the value 
of money Because the salary moereases during the 
past two years have been proportionately slightly less 
for women than for men, the gap between the salaries 
of men and women clerks doing similar work has 
widened a httle since 1956 

The United Kingdom does not form a single market 
for clerical labour and even nation-wide employers 
of clerks recognize this, at least to the extent of 
introducing London allowances mto their national 
scale These scales and allowances may be admunis- 
tratively convenient, but the pattern of local clerical 
markets ıs more complex than the simple one of a 
London market and a provincial market assumed by 
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most national employers The areas of the highest 
salaries were mamly those havmg the prosperous 
engineering, shipbuilding, food-processmg and chem- 
ical industries m good measure with a high propor- 
tion of export trade It 1s reasonable to assume that 
the pattern of clerical salaries for adult male clerks 
followed a pattern of economic prosperity 

London comes fairly low down on the scale 
Withm Greater London there was only one district— 
the West End—where salaries were comparable with 


HELP FOR 


A eH the full pohey of the Calouste 
Gulbenkian Foundation of Lisbon meludes the 
fields of science, ait, education and charity, 16 now 
announces that it is prepared to implement the 
suggestions in a report just issued* This means that 
for the next three or four years the emphasis of the 
activities of the Foundation in the United Kingdom 
will be almost exclusively m the field of the 
arts 

The report, prepared by & small mformal com- 
muttee consisting of Lord Bridges (chairman), the 
Countess of Albemarle, Mr Noel Annan and Sir 
George Barnes, 1s the result of then deliberations to 
help the Foundation by a review of the needs of 
the arts m Britam After a few discussions in London 
the commuttee visited Bristol, Cardiff, Glasgow, 
Liverpool, Newcastle upon Tyne and Nottingham 
Information was also supphed by a hundred local 
authorities and by all the universities 

Probably the most stmkmg and indeed definite 
conclusion 1s that the arts need help m the provinces 
to & far greater extent than they do m London 
Another point ıs that far gieater support is needed 
for the arts than m the past and also that this 1s not 
a temporary need This means that in the future 
public authorities will have to find more money for 
the arts It is also stressed that far more needs to 
be done to-day to render the arts accessible, that 
there should be more scope for experiment in order 
to invigorate the aris and that more should be done 
to foster appreciation among the young If, as the 
committee believes, the Foundation can do its best 
sei vice by stimulating art ın the provinces ıt 1s pomted 
out that although under the Local Government Act of 
1948 local authorities are permitted to spend up to 
a 6d rate each year on any form of entertainment 1t 1s 


* Help for the Arts a Report to the Calouste Gulbenkian Founda- 
tion Pp 64 (London Calouste Gulbenkian Foundation, United 
Kingdom and British Commonwealth Branch, 1959 ) 38 
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those on Merseyside This 1s in contrast with the 
usual assumption that salaries are generally higher 
m London than in the rest of the country 

The pattern of variations of salaries for women 
clerks 1s simpler and more m accordance with 
traditional ideas Greater London was the area of 
high salaries , the other conurbations had noticeably 
lower salaries with little to choose between them in 
contrast with the experience of men clerks in this 
area, 


THE ARTS 


ascertained that over the whole country expenditure 
does not exceed fd rate for museums and art galleries 
and id for music and drama Tho members of 
this informal committee consider that the univer- 
sities could and should do much more for the ‘prac- 
tice’ and encouragement of the arts Traditionally, 
this has been left to university societies and thus 1s 
outside the scope of the university patronage 

In discussing the specific ways m which the 
Foundation can help, 1t 1s stressed that ıt should be 
prepared to back mdividuals—and to encourage and 
foster new developments or growmg pomts, feeling 
that eventually they will be self-supporting and 
attract permanent support from public funds or 
elsewhere 

Museums and art galleries receive much consideia- 
tion, and although the committee welcomes the m- 
crease m grants recently announced it ıs suggested 
that pictures accepted by the Treasury 1n heu of death 
duties should in certam cases pass to the provincial 
galleries This mvolves the acceptance of pictues 
perhaps not of exceptional mmportance but of great 
interest to a local gallery It 1s also felt that although 
museums have done much good work in developing 
school services they seem to have lagged behind the 
expension 1n other educational fields A more active 
policy of loans between museums 1s advocated, and 
for this a general survey of material ın the collections 
is essential This also leads to the establishment of 
an improved conservation service It 1s also suggested 
that the Foundation might help to buy works of art 
for provincial galleries 

In conclusion, the committee considers that Great 
Britain ıs producing artists of the highest quality, 
but adequate support or patronage 1s lackmg It 
1$ to be hoped that the Foundation gives a speedy 
implementation to the suggestions in this report and 
then in good time turns to the support of the sciences 
in Great Britain 


DIETARY FACTORS IN THE HOMOGRAFT REACTION 


By Dr A. S. PARKES, FRS. 
Division of Experimental Biology, National Institute for Medical Research, Mill Hill, London, N W7 


XPERIMENTS carried out ın 1955 with five 

strains of mice maintained at this Institute showed 
that ovarian autografts established themselves regu- 
larly and became endocrmologically active withm an 
average time of 10-11 days In three of the strains 
intra-stram homografts behaved similarly durmg 
the four-week period of observation In the other 


two strams, intra-strain ovarian homografts took 
and survived less well than autografts Inter-stram 
ovarian grafts took moderately m some combinations, 
but rarely survived for four weeks! 

Repetition of some of these experiments two years 
later showed that there had been a marked increase 
m resistance to intra-strain grafts In the three 
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sírams re-mvestigated (TO, PA and WT) 25/27 of 
such grafts had taken m 1955, and 19 had survived 
in a functional state for four weeks, whereas in 1957, 
15/29 took and 7/29 survived the test period Various 
other experiments with gonad grafts m mice and 
rats made at the Institute about this time also sug- 
gested that there had been an morease m homograft 
reaction 

Review of the anımal husbandry showed only one 
factor of likely significance the staple cubed diet 
(diet 41) had been modified by the substitution of 
vitamin concentrate and molasses for cod liver oil 
(diet 41B)?, and an investigation was therefore started 
to find out whether such a change could have affected 
the homograft reaction 

The technique was as described previously! Young 
adult females were spayed, the ovarian capsule, the 
Fallopian tube and the top of the uterus all beng 
removed to mmumuize the possibility of ovarian 
regeneration Tho ovaries from donor animals were 
dissected free of adnexa, cut mto two pieces and 
implanted under the skin of the flank The establish- 
ment of an active graft and 1ts survival time were 
determined by the re-occurrence of cornified cells m 
the vaginal smear 

The first experiment was to make a new batch of 
diet 41, so that a direct comparison could be made 
between mice maintamed on ıt and on diet 41B 
For this purpose, PDE mice, a sub-stram of PA 
mice, were used, these were known to show a 
vigorous mtra-strain homograft reaction. (10/30 grafts 
established and 3/30 surviving 4 weeks) PDE 
breeding mice were maimtamed on diet 41 for some 
months and then the intra-colony homograft reaction 
in 40 females drawn from this colony was compared 
with that ın 40 females of the same strain maintamed 
on diet 41B The results are shown 1n Table 1 


Table 1 THE INTRA-STRAIN HOMOGRAFT IN COLONIES OF PDE MICE 
MAINTAINED ON DIET 41 AND ON DIET 41B 





No offemales| No offemales| No of females with 





Diet receiving developing active grafts at 
implants active grafts 28 days 

41 40 28 13 

41B 40 13 4 





The difference m the number of mice developmg 
active grafts was significant at the P = 0 01 level 
and substantiated the idea that the change in homo- 
graft reaction between 1955 and 1957 had been asso- 
ciated with the change of diet The results of a 
small series of inter-colony grafts were concordant 
with the presumption that the difference im homo- 
graft reaction origmated 1n the recipient rather than 
in the tissue grafted 

Attention was then turned to the nature of the 
dietary factor mvolved m modifymg the homograft 
reaction Diet 41 had been abandoned because of 
the destructive action of the cod liver oil on the 
vitamin E It was thought, therefore, that treatment 
of 41B with excess of cod liver oil might abolish its 
effect 1n augmenting the homograft reaction Results 
with 20 mice, however, gave no support to this idea , 
but the result cannot be regarded as conclusive, 
because the unpalatability of the treated diet 41B 
prevented an adequate preparation period 

At this stage, my colleague Dr J H Humphrey 
directed my attention to the work of Axelrod and 
others, who had investigated the effect of various 
dietary factors on immunological response and who 
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had found that pyridoxine-deficiency, whether m- 
duced by deficient diets or pyridoxine antagonists, 
notably depressed antibody formation?*4, 

On the basis of these 1eports plans were made to 
test the homograft reaction m pyridoxine-deficient 
animals In a first experiment, 10 PDE mice mam- 
tamed on diet 41B were injected daily with 0 25 ml 
salme and a similar group with 0 25 ml salme 
contammg 25 mgm deoxypyridoxime After four 
weeks, intra-group ovarian homografts were made, 
treatment being continued After another four weeks, 
5 of the 9 surviving antagonist-treated animals re- 
tamed active grafts, but only one of the 10 control 
mice This result, although not itself of great statis- 
tical significance, was distinctly encouraging and 
more extensive experiments were carried out on mice 
recerving homografts after preparatory treatment for 
four weeks with deoxypyridoxme added to the 
drinking water m amounts calculated to give an 
intake of 25 mgm or 50 mgm per day Results 
are summarized ın Table 2, and indicate that the 
oral administration of deoxypyridoxine to the 1ec1pient 
markedly inereased the survival-rate of ovarian 
homografts 5 mgm daily was not detectably more 
effective than 2 5 mgm., and was appreciably more 
toxie m that 7/30 of the animals died during the 
experiment The effect on the survival of homografts 
was abolished by the admimistration of pyridoxine 
durmg the second half of the preparatory period and 
was therefore due to pyridoxme-deficiency rather 
than to some side-effect of the antagonist When 
re-exammed after 3 months, 10/36 of the muce 
treated with deoxypyridoxme only retained active 
grafts compared with 0/37 m those recerving deoxy- 
pyridoxine plus pyridoxine 


Table 2 TAKES AND SURVIVAL OF INTRA-STRAIN HOMOGRAFTS IN 
PDE MICE MAINTAINED ON Dirt 41B WITH AND WITHOUT DEOXY- 
PYRIDOXINE 





Proportion of | Proportion of 

animals animals with 

developing | active grafts 
active grafts | at 28 days 


Preparatory treatment for 4 weeks 





gm per day deoxypyridoxine 
gm per day deoxypyridoxine 
gm per day deoxypyridoxine 
gm per day deoxypyridoxine 
mgm pyridoxine per day for 
2 weeks 





Experiments were then extended to mter-stramn 


homografts, TO females recerving ovarian m- 
plants from PA females The results are shown in 
Table 3 


Pyridoxme deficiency 1s therefore almost as 
effective in preserving inter-stram as mtra-strain 
homografts, and as with the intra-stram grafts the 
higher dose did not appear to be more effective 
Re-examination of four groups of the treated animals 
at the end of three months showed that 9/30 retained 
active grafts 


Table 3 TAKES AND SURVIVAL OF INTER-STRAIN HOMOGRAFTS IN 
RECIPIENTS WITH AND WITHOUT DEOXYPYRIDOXINE 





Proportion of Proportion of 


animals animals with 
Preparatory treatment for 4 weeks developing | active grafts 
active grafts at 28 days 
None 4/20 0/20 
2 5 mgm deoxypyridoxine per day 18/28 12/28 
5 0 mgm deoxypyridoxine per day 9/15 5/15 
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Table 4. SURVIVAL OF RAT OVARIAN TissUE GRAFTED INTO PYRID- 
: OXINE-DRFICIENT MICE 
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Proportion of | Proportion of 
Preparatory treatment Strain animals animals with 
for 4 weeks | of | developing | active grafts 
| mouse | active grafts | at 28 days 
None . | PA | HM | 0/40 
2:5 mgm. deoxypyridoxine | | | 
r day | PA | 10/37 | 6/37 
one N PDE 9/19 | 0/19 
2-5 mgm, deoxypridoxine 
per day | PDE | 2810 | 12/40 








ne 


Striking results were obtained with heterografts 
< of rat ovaries made into treated mice (Table 4). 

|o In the third group of mice the surviving grafts 
were removed by operation after five weeks and 
were found to be relatively very large and, although 
heavily infiltrated with leucocytes, were found on 
_ histological examination to possess numerous follicles 
. and corpora lutea. In general, these heterografts 
(were very different from the few small degenerate 
“Specimens which can be found in untreated mice 
at five weeks after the subcutaneous implantation 
. of rat. ovarian tissue. 

... The effect of pyridoxine deficiency in depressing 
e reaction. against ovarian homografts is greater 
than that of a single dose of whole-body irradiation in 
_ mice? and of the same order as that which can be 
obtained in rats by pre-conditioning the pros- 
_pective recipient with suspensions of homologous 
‘Ussue’. Tt is less permanent according to present 
experience than the effect which can be obtained by 
¿the induction of tolerance early in life’. 
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While these experiments were in progress, Axelrod 
and his collaborators*, in continuation of their earlier 
work, published the results of experiments on intra- 
strain skin grafting in pyridoxine-deficient rats. In 
two strains of rats they found that the percentage 
of takes in deficient rats was far higher than in normal 
ones, and in one strain survival at 10 weeks was 
also far better. Experiments on man, however, failed 
to give analogous results, possibly because the degree 
of pyridoxine-deficieney was inadequate’. 

So far as rats and mice are concerned, however, 
it seems clear that the reaction against skin and 
ovarian homografts respectively is much reduced by 
pyridoxine deficiency. According to Axelrod et al., 
"jt is possible that this effect is related to an in- 
hibition of the immune response to the antigens of 
the donor skin in this deficiency state". With this 
suggestion, it seems desirable to postpone discussion 
until more facts are available. 

My thanks are due to Dr. J. H. Humphrey, Dr. 
H. R. V. Arnstein and Miss H. M. Bruce for advice, 
and to Miss M. P. G. Moylan and Miss B. M. 
Flannelly for technical assistance. 
1 Parkes, A, 8., J. Endocrinol., 14, xxi (1956), 

* Bruce, H, M., and Parkes, A. S., J. Animal Tech. Assoc. , 7, 54 (1956). 
3 Axo oA: E., and Pruzansky, J., Vitamins and Hormones, 18, 1 


* MAC C., Eisen, H. N., and John, H. M., J. Ezp, Med., 85, 305. 
ti). 


£ Parkes, A. S., J. Endocrinol, 16, x (1958). 

* Parkes, A, 8., Transplant. Bull., 8, 45 (1958). 

* Martinez, C., Smith, J. M., and Good, R. A., Brit. J. Esp. Path., 89, 
574 (1058). 

* Axelrod, A. E., Fisher, B., Fisher, E., Lee, Y. C. P., and Walsh, P., 
Science, 127, 1388 (19058). 

? Fisher, B., Transplant. Bull., 6, 482 (1959). 


DIAPHRAGMS FOR ANALYSING THE DEVELOPMENT OF 
CONNECTIVE TISSUE 


By Pror. HANS SELYE 


Institut de Médecine et de Chirurgie expérimentales, Université de Montréal 


FXO gain fundamental information about the 
= A nature of any complex biological structure or 
process, we have to develop techniques which permit 
us to analyse it by breaking it down into its con- 
stituent elementary units; the dissection of organs, 
the preparation of pure microbial or tissue cultures 
are examples in point. The study of the laws that 
govern the developmental mechanics of connective 
tissue (for example, during normal growth, wound 
healing and inflammation) has been greatly handi- 
‘capped by the lack of techniques suitable for an 
analysis of this kind. Normally, the cella and inter- 
cellular structures of connective tissue form an 
extremely complex maze. Even the simplest linear 
wound elieits a multitude of interdependent regenera- 
‘tive processes the elements of which (exudate, 
_ fibrin, fibres, cells, vessels) interlace in all directions, so 
that a study even remotely resembling an ‘elementary 
analysis’ of the constituents becomes virtually 
impossible. Accordingly, the scope of the conven- 
tional techniques for the study of connective tissue 
is necessarily limited to the deseription of histological 
or chemical components, the uptake of vital dyes, 
the speed of cicatrization, the measurement of tensile 
strength, etc. 
: “he object. of this communication is to describe 
‘the design of diaphragms which, when introduced 









into connective tissue, present it with simple problems 
of organization, in that they block growth except 
along one, or more, regular, predetermined channels, 
Thus we can obtain single beams of connective tissue, 
or cords intersecting at any desired angle; these, 
like the parallel beams of light produced by optical 
diaphragms, lend themselves to reveal the underlying 
order in an otherwise confusing complexity. 

All experiments were performed on female Sprague- 
Dawley rats, with an initial body-weight of 100—150 
gm. The sterilized diaphragms were introduced 
beneath the shaved dorsal skin, under ether anss- 
thesia. Groups of rats were then killed at weekly 
intervals, to examine the progress of organization 
macro- and microscopically. 

Analyser diaphragms may be prepared of various 
materials (plastics, china, rubber, paraffin-coated 
paper, etc.), but glass is the most satisfactory : it 
can easily be shaped, chemically cleaned and steril- 
ized, its hard, smooth surface prevents adhesion of 
tissue to the wall, and its transparency facilitates 
examination of the contents. 

Fig. 1 illustrates a few of the basic patterns 
of tissue-diaphragms that were employed for 
analysis. 

The simple tube, open at both ends (Fig.L4, B, C), 
permits only unidirectional growth, in the form of a 
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Fig. 1. Samples of various tissue diaphragms 

connective-tissue cord that connects the two orifices. 
The length and calibre of the tube vary in accordance 
with the problems to he studied; capillaries and 
small-bore tubes have the additional advantage of 
being readily implantable, not only into loose connec- 
tive tissue, but also into muscles, pleura, peritoneum 
and various parenchymatous organs. ‘Tubes with 
one end closed revealed that a minimum of two 
‘tissue bridgeheads’ is necessary for rapid organiza- 
tion of a gap, while L-shaped (Fig. 1D) and branching 
tubes (in the form of a Y, T or +) are employed to 
examine the formation of anastomosing tissue cords 
at predetermined angles. One perforation or more in 
the wall of the tube (Fig. LE) offers additional possi- 
bilities for the establishment of tissue connexions 
within a single cylinder (that is, unguided by restrain- 
ing individual tubular walls around each tissue-cord). 
Simple, straight tubes, open at both 
ends, containing a central nylon 
thread (Fig. 1), an inner parietal 
lining of fine nylon trellis (Fig. 1@), 
or a central flat ‘ladder’ of nylon 
trellis that connects the two open 
ends revealed that this additional 
internal scaffolding is especially 
effective in accelerating organiza- 
tion along the threads. Organiza- 
tion is also expedited by enveloping 
the diaphragms in nylon trellis ; 
the rapid invasion of the latter 
by connective tissue furnishes a 
stabilizing capsule for the whole 
object. Double plates (two cover- 
glasses, their surfaces slightly sep- 
arated by lateral glass ledges) 
offer the possibility of studying 
two-dimensional invasion of a flat 
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space (Fig. 1H); the tissue formed in this can 
then be examined by merely placing the entire 
object under the microscope. Hemispheres, or— 
because of the shape of the rat's back—hemi-ellipsoids 
are used to examine factors which influence the three- 
dimensional organization of rounded cavities. "These 
struetures offer no entry to tissue, except at their 
base (Fig. 17), or have one additional opening or 
more on the roof (Fig. 1J) for the exploration of 
simple or complex tissue-bridge formation. Finally, 
minute perforations in the roof (whieh can after- 
wards be sealed with a drop of paraffin) make it pos- 
sible to attach threads or trellises of nylon at any 
point of the roof, thus connecting it with the base 
(Fig. 1K). It is then possible to explore the effective- 
ness of the nylon scaffolds as tissue guides. 

Fig. 2 shows a hemispherical analysing diaphragm 
with multiple perforations, under the shaved dorsal 
skin of a rat, two weeks after implantation. The 
scar of the incision, through which the object had been 
introdueed (dark spots near the root of the tail), is 
almost healed ; it did not interfere with organization 
within the diaphragm, because the latter was pushed 
forward at some distance from the wound to prevent 
the development of external adhesions and diminish 
the probability of infection. Owing to the absorption 
of air from the cavity of the hemisphere, the skin 
over the perforations is slightly depressed. The 
depth of these depressions remains limited, however, 
because, soon after implantation, exudation begins 
and a characteristic, citrine, thick fluid fills out the 
empty space. This fluid does not coagulate in situ, 
but has some tendency to do so after evacuation. 
Eventually, fibrin threads, covered and invaded by 
histiocytes, connect the parietal openings with the 
base and thus provide temporary bridges. These are 
later organized by connective tissue and invaded by 
blood vessels. 

This organization is most clearly illustrated by the 
simple, unidirectional growth that occurs in straight 
glass tubes (Fig. 3). 

Two weeks after implantation of such a tube 
(3 em. long, 0-8 mm. wide, and enveloped in a nylon 
trellis for better fixation), a straight axial cord has 
developed between the two openings (Fig. 34). 
This cord consists of a broad, central spindle made up 
of fibrin threads and histiocytes. It is attached to 
the centre of the end-plates by a narrow filament of 
connective tissue, Van Gieson-positive and well 
vascularized. By this time, such tubes are com- 
pletely or almost completely filled with citrine fluid 





Hemispherical tissue diaphragm as it appears in situ 
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Fig. 3. Various stages and types of axial-cord formation within 
simple glass tubes. In A and B the tube and the disk-like con- 


nective-tissue plates at the opening are intact; in C and D the 
contents are represented after removal from the tube 
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and, although the two end-plates of connective tissue 
are broad, the bridge is invariably narrow and 
attached centrally. 

After one month, the fibrin spindle becomes 
narrower and shorter (Fig. 3B); the ‘growth line’ that 
separates the light fibrinous centre from the darker 
invading tissue is reddish in the living animal. Quite 
commonly, invasion by connective tissue progresses 
much more rapidly on one side (in Fig. 3B on the 
right) than on the other, but the development of 
fibrin threads between the spindle and the glass wall 
(which apparently occurred here because of a rough 
dirt speck on the wall) is exceptional. It is also quite 
uncommon to find an accessory, abortive, second 
cord, attached unilaterally (Fig. 3C), or a complete 
Y-shaped, split cord, in simple straight tubes (Fig. 
3D). Curiously, within the limits which have been 
studied so far, the speed with which the two openings 
are connected by an axial cord, and the thickness of 
these bridges, are largely independent of the length 
and width of the glass tubes. 

The details of these investigations will be described 
elsewhere. Here, attention is directed merely to 
the possibility of analysing the mechanics of tissue 
growth by the selective restriction of proliferation to 
certain channels. It is hoped that such analysing 
diaphragms may prove useful in the study of develop- 
mental mechanisms under normal conditions and 
after the topical or systemic application of growth- 
modifying stimuli. 

These experiments were performed with the aid of 
grants from the National Cancer Institute of Canada 
(grant No. 22) and from the Gustavus and Louise 
Pfeiffer Research Foundation. 


ESTABLISHMENT OF PARENCHYMATOUS SPLENO-PULMONARY 
VENOUS ANASTOMOSIS 


By Drs. GEORGE R. WALKER, PAUL FIELD and PATRICK E. CONEN 


Research Institute, Hospital for Sick Children, Toronto 


SUCCESSFUL shunt between the splenic vein 
A and the pulmonary venous system via a paren- 
chymatous anastomosis in the dog has been achieved. 
The investigation was conducted in an attempt to 
find a solution to the problem of extrahepatic 
obstruction of the portal venous system in young 
children. At present, this condition in children is 
not as amenable to successful treatment by current 
methods of shunt operation as in adults. Further 
work will be necessary before application of this 
experimental work to clinical problems can be under- 
taken. 
Dogs 8-20 kgm. in weight were used. General 
anesthesia was induced and continued with thiopen- 
tone and succinylcholine chloride in divided doses, 


respiration being maintained by manual control of 


flow of oxygen through an endotracheal tube. Tetra- 
eycline was administered by mouth for _ten days, 
beginning the day before operation, to avoid the high 
incidence of acute empyema which occurred post- 
operatively in the early attempts. ; 

A thoraco-abdominal incision was made in the line 
of the eighth rib on the left side, and the spleen 


delivered through the wound. A bulldog clamp was 
temporarily applied to the splenic pedicle. Most 
of the spleen was removed, leaving part of the lower 
pole, measuring approximately 3 x 2 x 1 em. at 
the site of entry of the main lower division of the 
The splenie capsule was removed 
except that on the hilar surface. 

Next, à Satinsky vascular clamp was placed across 
the lower part of the lower lobe of the left lung, to 
act both as a retractor and as a hemostat. An 
incision about 3 cm. long was made in the lung on 
either the costal or diaphragmatic surface, and 
continued deep into its substance. After bringing 
the splenic pedicle up through the tendinous part of 
the diaphragm, the remnant of the spleen was inserted 
into the opening in the lung and the lung sewn over 
it. 

All clamps were removed and an intercostal drain 
inserted and connected to an underwater seal. The 
wound was closed in layers. 

The operation is relatively easy to perform, and 
the procedure is usually completed in 1-2 hr. The 
overall operative and post-operative mortality was 


splenic vessels. 
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Fig. 1.  Venogram showing anastomosis during injection of 
"Hypaque —R*. 1, Splenic vein; 2, spleen; 3, inferiorpulmonary 
vein 
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approximately 10 per cent. In the majority of 
cases, the dogs made rapid recovery and resumed 
normal activity and appetite within one or two 
days. 


Demonstration of the Anastomosis 


Each dog was explored through the original incision 
8-10 weeks following the procedure, and the area of 
anastomosis was examined. It was noted at operation 
that good pulsation was present in the splenic artery. 
Most of the left lung was expanding normally, and 
only a small part of the lower lobe, approximately 
equivalent to one broncho-pulmonary segment, was 
firm and thickened. 

Demonstration of the anastomosis was made by 
the following three methods : 

(1) Venography. The splenic artery and vein were 
ligated and cut inside the abdomen and a polyethylene 
catheter was tied into the lienal side of the cut 
splenic vein. A roentgenogram of the lung was 
taken during injection of 10 ml. of 50 per cent 
‘Hypaque’ solution. 

Fig. 1 illustrates the typical appearance of the 
roentgenograms in the cases investigated in this way. 
The dye passed through the splenic vein in a retro- 
grade direction into the implanted spleen and thence 
via the parenchymatous anastomosis into one of the 
left pulmonary veins. 

(2) Plastic Preparation. After excision of the 
anastomotic area, polyethylene catheters were tied 
into the left inferior pulmonary vein and into the 
splenic vein. Simultaneously, liquid neoprene plastic 
was injected into both catheters at a pressure of 
100 mm. mercury, a dark colour into the pulmonary 
vein and a light colour into the splenic vein. The 
catheter in the pulmonary vein was removed before 
that in the splenic vein. The specimen was then 





Fig. 2. Plastic cast showing filling of spleen and inferior pulmonary vein following injection into splenic vein. The venogram of 
the same animal taken during life is also shown for comparison (right). S.V., splenic vein; S, spleen embedded in lung ; IPV, 
inferior pulmonary vein 
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splenic capsule (C) completely moe 
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immersed in an acid bath which digested the soft 
tissue and left the solidified neoprene. 

Fig. 2 shows filling of the splenic vein, the splenic 
remnant and the left inferior pulmonary vein with 
light-coloured plastic. This is in contrast to the dark- 
coloured neoprene in the small vessels of the lung 
parenchyma. Fine dissection of the plastic cast 
showed both colours in all the small vessels of the 
substance of the lung close to the embedded spleen. 

(3) Histology. A specimen of lung containing 
embedded spleen was cut into thin slices and fixed 
in formalin. Blocks were sectioned serially and 
stained both by hemotoxylin and eosin, and also by 
Verhoeff's elastic tissue and Van Gieson stain. 

Fig. 3 shows a cross-section of the embedded 
spleen in the lung. A small portion of the intact 
splenic capsule remains while the rest of the spleen 
merges with the surrounding lung parenchyma. There 
is increased vascularity in the spleen and a dilatation 
of the pulmonary vessels surrounding the spleen. 
Large numbers of vessels are observed just outside the 
spleen, and dilated vessels are also present in the 
substance of the spleen (Fig. 4). In some areas a 
direct connexion between the pulmonary and splenic 
vessels was demonstrated by serial sections, although 
no indication of the direction of flow of the blood in 
the living animal was obtained. 


Results and Discussion 


In eighteen normal dogs, the spleen was embedded in 
the lung. Nine of these were examined by methods 
described above, and in all these evidence was found 
which was consistent with the establishment of 
vascular connexions between the two tissues. Of 
the remainder, five dogs are alive and well, two were 
operative deaths, and two died of distemper. 

In this series of normal dogs a parenchymatous 
anastomosis between the spleen and the lung has 
been achieved. The difficulties of producing more 
than transient portal hypertension in dogs have long 
been realized, and have been described by Morris! as 
well as others. It was felt that for purposes of this 
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initial study, the existence of 
portal hypertension in the experi- 
mental preparation was not obliga- 
tory since if good anastomosis 
could be obtained in an otherwise 
normal dog, an even better an- 
astomosis could be anticipated in 
the presence of portal hypertension. 

Further work is being conducted 
in order to discover the capacity 
of the anastomosis to dilate and 
provide a by-pass for an occluded 
portal vein. Due to technical 
difficulties, it has not been practic- 
able to measure blood flow through 
the shunt. It is intended to obtain 
an approximate estimate of this 
flow by the use of cine-angiography 
and by dye-dilution curves. The 
ability of the shunt to dilate in 
order to accommodate the in- 
creased flow of blood due to portal 
hypertension is being investigated 
by performing spleno-pulmonary 
anastomosis on dogs in which portal 
hypertension has previously been 
indueed by the method of Kersh- 
ner*. Furthermore, the effects are 
being examined of applying Kershner's procedures to 
animals already having the shunt. 

Spleno-pulmonary anastomosis, if used in the 
alleviation of portal hypertension due to extra-hepatic 
venous block in children, would return portal blood 
to the left side of the heart. Calculation suggests 
that this would not overload the heart and would not 
appreciably affect oxygen saturation in the left 
atrium. 

A parenchymatous surgical approach to the problem 
of portal hypertension has been described by Felder*. 
He demonstrated vaseular connexions between the 
coapted surfaces of the decapsulated liver and spleen 





Fig. 4. High-power view ( x 60) of area shown in Fig. 3, showing 
dilated veins in line of fusion of spleen and lung. Veins (V), 
arteries (A) and thickening of a vein (VA) probably due te 


anastomosis with a small artery 
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in rabbits, and showed that this procedure increased 
the time of survival following ligation of the portal 
vein. 

A procedure in which portal blood was returned to 
the right side of the heart through an anastomosis 
between the spleen and intercostal veins has been 
performed in humans by Turunen, Following the 
‘placing of the intact spleen inside the thorax, venous 
connexions developed between the spleen and the 
pleura, and bleeding «esophageal varices improved. 
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We suggest that spleno-pulmonary anastomosis as: 
a shunt in portal hypertension should prove superior. 
Parenchymatous anastomosis may possibly provide - 
a better method of treatment of portal hypertension 
in children than the present unsatisfactory procedures. . 


1! Morris, A. N., and Miller, H. H., Surgery, 30, 768 (1951). 

? Kershner, D., Campbell Hooten, T., and Shearer, E. M., Archives of 
Surgery, 58, 425 (1940). : 

3 Felder, D. A., Haglin, J. J., and Murphy, T. O., Surgery, 39, 7 (1950), 

«Turunen, M., and Laitinen, H., Ann. Surgery, 149, 443 (1959). AR 


BIOCHEMICAL MECHANISM OF LESION FORMATION IN 
VIRUS-INFECTED PLANT TISSUES 


By Dr. F. SOLYMOSY, Dr. G. L. FARKAS and Dr. Z. KIRÁLY 


Research Institute for Plant Protection, Budapest 


HE formation of local lesions is one of the most 
striking symptoms of virus diseases discovered 
as early as 1929 by Holmes!. Strangely enough, 
little is known about the metabolie disorders leading 
to the development of these necrotic spots. They 
are regarded as ‘protective mechanisms’ localizing 
the pathogenie agent to restricted areas of the host 
tissues due to the total disorganization and break- 
down of protoplasmie structure in a small group of 
host cells highly sensitive to the invading parasite’. 
The local lesions of various host plants attacked by 
-special virus strains and those of resistant wheat 
plants infected by rust fungi are the most typical 
examples of lesion formation due to ‘hypersensitivity’. 
Recent ideas concerning the metabolic aspects of 
defence reactions based on hypersensitivity in resist- 
ant wheat plants emphasized the probability that 
the balance of oxidizing and reducing systems acting 
on polyphenols is upset in the diseased areas, resulting 
in the accumulation of toxic polyphenol oxidation 
products killing the host tissuest. Experimental 
evidence in support of this view has recently been 
presented by Király*. It seemed, therefore, worth 
while to extend these studies to the problem of virus- 
induced lesion formation. 

The leaves of experimental plants (Nicotiana 
tabacum var. Samsun, N. glutinosa, Datura stramon- 
ium) were inoculated mechanically at an early stage 
of development (6-8 leaf stage) with tobacco mosaic 
virus, cucumber mosaic virus or tobacco necrosis 
virus. When the local lesions appeared (second or 
third day after inoculation) polyphenoloxidase 
activity was measured in tissue homogenates by the 
use of conventional manometric techniques. The 
catechol-hydroquinone system* was chosen as sub- 
strate. The results are expressed as Qo, values: 
increase in uptake of oxygen on addition of sub- 
strate in mm.? oxygen/mgm. dry matter/hr. As a 
gradual decrease in activity of polyphenoloxidase 
was experienced in the course of measurements, results 
were calculated on the basis of readings taken during 
the first 10-15 min. Representative examples are 
given in Table 1. 

As shown in Table 1, a considerable increase in 
activity of polyphenoloxidase was found whenever 
the host-virus combination resulted in the appearance 
of local lesions, whereas no similar stimulation was 
observed when the virus spread systemically, except 





Table 1. EFFECT OF VIRUS INFECTION ON THE POLYPHENOLOXIDASE 
ACTIVITY OF HOST TISSUES : 




















[oUm ds i E OC oe HN CEN: i 
| | Tobacco Tobacco | Cucumber j 
i | mosaic necrosis | mosaic i 
| Host plant | virus virus | virus | i 
| [HN | [1| RH|t| 
N. glutinosa [02 | 45*| 02 | 21*| 02 | 05 | 
| N. glutinosat I- | = — |i— | BL) 99 | 
| A. tabacum var. | i | | 
| Samsun |s7 9a.) 8 [12:65 | — | — | 
| Datura stramonium | 0-6 | 9:05] — | — | 08 | 18 | 
i i i i i J 








Polyphenoloxidase activity : expressed as increase in oxygen uptake 
in mm.*/mgm. dry matter/hr. upon addition of substrate. 

H, healthy ; 1, infected. 

* Combinations resulting in the development of local lesions. 

+ Polyphenoloxidase activity tested six weeks after infection. The 
control was of the same age. 


in a very late stage of systemic infection. This latter 
observation on systemical infected plants is in 
agreement with recent findings of Martin’. His 
claims for another smaller maximum of polyphenol- 
oxidase activity in systemically infected tobacco plants 
at an early stage of infection, however, could not be 
verified using (to secure reliable controls) the half- 
leaf method. 
If the accumulation of polyphenol oxidation pro- 
ducts, due to an in vivo stimulated activity of phenol : 
oxidizing enzymes, were the immediate cause of 
lesion formation, this latter should be inhibited by. 
the administration of compounds able to reduce 
quinones or inhibit their formation under physio- 
logical conditions. Ascorbie acid is able to reduce: 
quinones chemically. In addition, the inhibitory | 
effect. of ascorbic acid on some polyphenolases has | 
been reported’, Glutathione and cysteine are also | 
powerful reducing compounds, and in vitro inhibition | 
by glutathione and cysteine of the accumulation of 
polyphenol oxidation products was described’. There“ 
fore, the above compounds were infiltrated into. 
detached N. glutinosa leaves, the excess of water 
evaporated, and the leaves infected with tobacco 
mosaic virus. The infected leaves were then placed 
with their petioles in test-tubes containing the same 
solutions and after two days the number of local 
lesions counted. The results were clear-cut (see 
Table 2). All the three compounds, if applied in: 
adequate concentration, strongly inhibited lesion 
formation (10-? M). The most effective was ascorbic 
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MENT IN Nicohana glutinosa INFEOTED WITH TOBACCO MOSAIC VIRUS 





Average number of lesions* 








Substance infiltrated 

Infiltrated Control 
Ascorbic acid 10-7? M 2 37 
Glutathione 10-2 af 6 42 
Cysteine 107? Jf 5 30 





* Average of five consecutive experiments 


acid, usually reducing the number of local Jesions 
to zero 

This effect 1s apparently based on a chemical on 
statu nascende reduction of the qumones formed 
This 15 mdicated by the fact that a high level of reduc- 
ing compounds must be maimtained in the tissues in 
order to mhıbıt lesion development When after 
infiltration with 10-2 M ascorbic acid the leaves were 
placed m water instead of ascorbic acid solution the 
treatment proved more or less meffective due to the 
rapid metabolization of the compound infiltrated 
Direct measurements (10dometrie titration) indicated 
that the concentration of reduemg compounds of the 
leaves must be raised 7-8 times and maintaimed at 
this high level in order to inhibit lesion formation 
This explains the failure of Wiltshire? to obtain the 
mhibition of lesion development by ascorbic acid m 
beans mfected with tobacco necrosis virus He raised 
the endogenous ascorbic acid concentration to a lesser 
extent 

The concentration of ascorbic acid applied may be 
regarded as physiological The mhibition 1s evidently 
not due to any unspecific damage to the leaf meta- 
bolism smee ıt ıs reversible Although complete 
inhibition is achieved by the end of the second day 
after infection, the lesions will later appear if the 
concentration of ascorbic acid 1s allowed to decrease 
With cysteme and glutathione symptoms of toxiciby 
appeared after about 24 hr To reduce the toxic 
effect these compounds were infiltrated mto the leaves 
24-36 hr after mfection Even im this case the 
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margins of some leaves were slightly damaged The 
development of loeal lesions was, however, arrested 
in the unaffected areas of the leaf surface as well 

The complete abolition of lesion formation in 
leaves treated with ascorbic acid favours the view 
that the development of lesions results fiom an 
accumulation of quinones due to an enhanced poly- 
phenoloxidase activity and possibly also to a virus- 
mduced breakdown of reducing systems 1n some cases 
The disorganization of cell structure m itself does not 
lead to an moreased activity of polyphenoloxidase 
When leaf tissues of N glutinosa were damaged with 
a needle evoking ‘lesions’ strikingly similar to those 
induced by tobacco mosaic virus, the activity of 
polyphenolases, measured 24 hr after damaging, has 
not shown any merease comparable to that ocourring 
in leaves with virus-induced lesions This ıs further 
evidence to show that the enhanced activity of poly- 
phenoloxidase ın virus-infected leaves is a cause 
and not a result of cellular breakdown and it is 
actually the mechanism responsible for the hyper- 
ergic reaction localizing the pathogen and inhibiting 
its generalization 

As judged from transmission experiments the virus 
did multiply m the treated tissues but this has not 
led to the appearance of local lesions in the presence 
of reducing compounds Experiments are in hand 
to decide whether or not a generalization of the virus 
occurs in this case 
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CRYSTALLOGRAPHIC STUDIES OF THE BIURET REACTION 


By Dk H C FREEMAN, J E W L SMITH and J C TAYLOR* 
School of Chemistry, University of Sydney 


HE bonding between metal 10ns and peptides 

is a subject of mereasimg biochemical interest 
Metal-peptide complexes appear to be volved «nter 
aha in the transrtion-states of metal-activated proteo- 
lytic enzyme reactions!?, in the inhibition of the 
gelation of gelatine by cupric 10ns (ref 3 and Kiefer, 
M, and Vimograd, J R, private communication), 
and in the formation of the colours of metal-protem 
solutions’ Hutherto, the evidence for the struc- 
tures of such complexes has been drawn from measure- 
ments on solutions, since insufficient analogy exists 
between them and the few ammo-acid chelates the 
crystal structures of which have been studied?- We 
have therefore begun structure determinations of 
several compounds intended to be models for peptide- 
metal teraction In this communication we wish 
to report those features of two of these structures 
which appear to be of biochemical significance 


* Present address Austialian Atomic Energy Commission, Lucas 
Heights, New South Wales 


As a staiting-point we have used the well-known 
fact that, when cupric 10n is added to an alkaline 
solution of a protem or polypeptide, a violet-red 
colour ıs produced The reaction is a general one, 
obviously involves the formation of a metal-peptide 
complex, and has been used in qualitative and 
quantitative tests for protems The violet-red colour 
is reversibly changed to blue upon acidification of 
the solution The simplest substance which shows 
this behaviour 1s bimet, NH ,CONHCONH,, and the 
ieaetion has accordingly become identified with the 
name of this compound 

We have carried out X-ray crystal structure determ- 
mations of two substances—potassium 67s-biuret 
euprate(II) tetrahydrate, K ,.[Cu(NHCONHCONH),] - 
4H,O (substance a), and  bw-biuret copper(II) 
chloride, [Cu(NH,CONHCONH,),JCl, (substance b) 
The former is the violet ‘parent compound’ of the 
biuret reaction It was prepared by shaking fiesh 
cupric acetate with a solution of biuret dissolved in 
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of all the atoms (other than the 
hydrogens) have been computed 
The final refinement cycles have pro- 
duced evidence for the locations of 
the hydrogen atoms, and ıt 1s on the 
basis of these that we can assign to 
the compound the formula given 
above (as distinct from, for example, 
K,[Cu(NH ,CONHCONH,)2](OH),4) 
The structure analysis of substance 
b has progressed to the stage where 
there is no doubt about the general 
structure With a single isotropic 
temperature parameter for all atoms 
the R-factor ıs 0 127 for 429 AKI 
reflexions (K = 0-4), of which one- 
third were unobservably weak , for 
those 176 reflexions to which the 
copper atom makes no contribu- 
tion, Ris 0 152 The two structures 
are shown diagrammatically in 
Figs 1 and 2, which are projec- 
tions along the z-axis of a and the 
z-axis of b, respectively 

The copper atoms are square- 
co-ordinated m both complexes In 





1j a, sin B 





Fg 1 


the calculated excess of aqueous alkali Crystals 
were obtained by the slow addition of a large volume 
of alcohol contammg a little potassrum hydroxide 
The second compound formed tiny pale blue-green 
crystals when a warm alcohohe mixture of cupric 
chloride and biuret was gradually cooled Both 
complexes were unstable m air but the crystals were 
adequately protected agamst decomposition by a 
thin film of collodion 

Substance a ıs monoclmic a = 3 84 A ,b = 13 32 
A, c=13 92A, B = 94° 5' The space-group is 
P2,/n There are two formula units 
m the unit cell, and these must 
therefore be centred about copper 
atoms at the ongm and (3,52) 
Substance b is orthorhombic, a = 
683A4,5 —803A,c — 10 74 A 





2-Axis projeciion of K,(Cu(NHCONHCONH),] 4H,0 


the violet compound a, the squaie- 
planar arrangement of ligand atoms 
involves the peptide nitrogen atoms 
N, and N, of two symmetrically 
placed bimet residues The bonds have reason- 
able Cu—N lengths of 1 93 A Successive complexes 
are stacked at such an inehnation to the (100) 
plane that each mtrogen atom N, of one complex 
also lies exactly at one of the apices of an elongated 
octahedron about the copper atom of an adjacent 
complex The arrangement 1s illustrated m the upper 
half of Fig 1 The distance between the copper and 
the octahedral nitrogen atoms is 3 33 A, implymg 
that only weak mteraction 1s possible The closeness 
of approach between complexes has, of course, a 





There are two formula units in the 
unit cell, but there 15 an ambiguity 
between the allowed space-groups 
Pnn2 and Pnnm While the 
eopper atoms are at (0,0,0) and 
(4,4,4) m either case, only the 
second of the two possible space- 
groups would confer centrosym- 
metry on the complex 

For the violet compound a our 
data consist of the absorption- 
corrected intensities of about 1,000 
X-ray reflexions, visually estimated 
on Wassenberg diffraction photo- 
graphs obtained with copper Ka- 
radiation The structure has been 
refined by the method of least- 
squares, giving a conventional 
crystallographic reliability factor 
R = 0 079 and standard-deviations 











of the bond-lengths and  bond- 
angles of about 001 A and 1 6? 
respectively The parameters for 
the anisotropic thermal vibrations 





Fig 2 


z-Axis projection of [Cu(NH,CONHCONH,),]Cl. 
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lower mut set by the van der Waals’ radu It turns 
out that the Cu—N vector represents the shortest 
distance between any two atoms of adjacent com- 
plexes 

The bond-lengths and bond-angles of the anude- 
groups ın g are not significantly different from those 
reported for the bruret molecule m the crystal of 
bruret hydrate’? This indicates that the substitution 
of a co-ordinated copper for an amide hydrogen 
atom does not seriously disturb the bond-orders and 
resonance in the amide group As m biuret hydrate, 
so in G the biuret residue ıs not flat Each biuret 
residue ıs bent shghtly about the hne joming Cu to 
Na, the two halves then being twisted m opposite 
senses about the bonds C,—N, and C,—N, Asa 
result of this distortion there is an angle of about 5° 
between the normals to the two planes contammg, 
respectively, N,0,0,N, and N.C,O,N, Neither 
amide group hes strictly in the plane of the copper 
atom and the four attached nitrogen atoms In fact, 
even if we ignore the non-planarity of the two biuret 
molecules co-ordinated to a copper atom, the com- 
plex is bent by about 2 5° on each side of the co- 
ordination square along the lme adjoimng N, and N, 
of the hgand 

The water molecules and amide groups in sub- 
stance a are linked by a network of hydrogen bonds, 
albert not a particularly efficient one If we super- 
scribe the atoms of the complexes centred on 
(-$,4,-4) and ($.bh-$) with ’ and ” iespectively, 
then hydrogen bonds link O”, Os, Og O,, 
O, N, and O, O', The potassium ion fits 
mto a hole in the structure (a fact which does not 
emerge very clearly from Fig 1), bemg at the centre 
of a taigonal prismatic arrangement of four amide 
oxygen atoms and two water molecules at Kt O 
distances between 2 7 and 29 A 

A closer examination of the configurations about 
the ligand nitrogen atoms in a leads to the 1mportant 
conclusion that considerable distortions from the 
noimal bond-angles may occur at the sites of co- 
ordination The angles Cu—N,—C, and Cu—N,—C, 
are both 131? The vector from N, to the copper 
atom of an adjacent complex makes an angle of 
approximately 90° with both the N,—Cu and N,—C, 
bonds The hydrogen atoms which are attached to 
N, and N, do not appear to be involved m hydrogen 
bonds, and their x-co-ordmates are not in fact as 
accurately known as the other hydrogen-parameters 
in the structure These two hydrogen atoms appear 
to he only slightly out of the plane of the copper and 
nitrogen atoms Approximate values of the bond- 
angles are Cu—N,—H, 119°, C,—N,—H, 108°, 
Cu—N,—H, 112°, C,—N;,—H, 115? This places the 
hydrogen atom attached to N, on the Ime between N, 
and the water-O, atom of the next unit-cell in the 
— $ direction, although the distance of 3 35A 
makes ıt unhkely that a hydrogen bond ıs here 
involved Ny 1s, on the other hand, defimtely hydro- 
gen-bonded to the water-molecule represented in 
Fig lby O, This N, O, bond hes at angles of 
112° and 94° from the bonds N,—Cu and N,—C, 

The blue compound 6 also has two biuret mole- 
cules bonded to each copper atom via four donor 
atoms arranged at the corners of a square In this 
ease the octahedral positions are occupied by chloride 
ions at normal Cu—Cl- distances of 3 0 A , while the 
donor atoms at the present level of refinement appear 
to be at 192A from the metal atom 

The most interesting difference between a and b 
1s that m [Cu(NHCONHCONH),.]= the metal-pep- 
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tide bonding is via the peptide netrogen atoms, 
while m [Cu(NH;CONHCONH,),* at least two, 
probably four, of the donor atoms are peptide oxygen 
atoms At every refinement stage we have recalculated 
all structure-factors for models having as the hgand 
atoms respectively four oxygen atoms, two oxygen 
and two nitrogen atoms, and four nitrogen atoms 
The agreement between the calculated and observed 
structure-factors for the first of these models has 
been consistently and significantly better than for the 
thud, and consistently and slightly better than for 
the second 

At the present stage of refinement of b a more 
detailed description of the hgand is impossible It 
18 quite clear, however, that the complex is bent 
similarly to a, and that the plane of each biuret 
molecule makes an even larger angle (of about 23°) 
with the plane contaiming the copper and donor atoms 

By contrast with a, the structure of b ıs held to- 
gether mainly by the electrostatic forces between 
the complex cations and the chloride amons The 
only certain hydrogen-bonded contact 1s that between 
the secondary nitrogen atom N, and a chloride ion 
which hes at 3 2A, almost exactly along the line 
which bisects the angle C-NH—C The complexes 
he perpendicular to (001), and a projection of the 
structure along the z-axis would show the compact 
arrangement of complexes and CI” 10ns m this plane 

It has been pointed out by Rabm?* that, unless a 
peptide hydrogen atom ıs lost by dissociation, co- 
ordination at a peptide nitrogen atom causes the loss 
of the resonance energy of an amide group Under 
neutral or acid conditions, co-o1dination at the pep- 
tide oxygen atom ıs therefore expected At first 
sight, this view gains strong support from the 
structure of b, which ıs precipitated fiom a neutral 
alcoholic solution We have not, however, succeeded 
m showing that the ion [Cu(NH,CONHCONH,),]** 
indeed exists ın other than the solid state A neutral 
aqueous mixture of cupric sulphate and excess biuret 
has an absorption curve between 200 and 1,000 mu 
which 1s indistinguishable from that of the hexaquo- 
copper(II) 10n, and the absorption curve of an alcoholic 
solution of cupric chloride between 230 and 1,000 mp 
is unaffected by the addition of alcoholic biuret 
solution until precipitation occurs 

On the other hand we find, m agreement with 
Kober and Haw’, that the violet complex o m 
aqueous solution has an absorption maximum at 
max = 505 mp with emax = 43 The structure 
analysis thus provides evidence that absorption at 
this wave-length 1s indeed characteristic of copper(II) 
co-ordinated by four peptide nitrogen atoms®17, jt 
being assumed that the complex a has the same struc- 
ture m solution as in the solid (with the probable 
addition of two water molecules ın the octahedral 
positions) 

Finally, our results for the first time confirm a 
structure which was suggested for the violet copper— 
bruret complex by Tschugaeff m 19074 They also 
support the view^!51515 that m alkaline solution the 
1onization of peptide hydrogen atoms 1s responsible 
for the additional dissociation constants found for 
the copper complexes of some peptide ligands, and 
that metal-peptide binding then occurs via peptide 
nitrogen atoms 

Detailed descriptions of the structures and particu- 
lars of the methods of refinement are being published 
elsewhere Concurrently with the further refinement 
of b we are investigatmg the crystal structures of 
the cupric complexes of tri- and tetra-glyeme with 
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the intention of initiating a systematic attack on 
the structural questions involved in metal-peptide 
systems via suitable model compounds 

Parts of this work were carried out during the 
tenures of a George Ellery Hale fellowship at the 
Cahforma Institute of Technology (H C F), and 
of an Australan Atomic Energy Commission student- 
shp (J C T) Our first crystal specimens were 
given to us by Dr B M Gatehouse and Dr R J 
Irving (University of New South Wales) Helpful 
discussions with them and with Drs A McL 
Mathieson, B R Rabm, T M Dunn and R W 
Green are gratefully acknowledged 
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COLOUR-IMAGE SYNTHESIS WITH TWO UNORTHODOX 
PRIMARIES 


By ARTHUR KARP 


Engineering Laboratory, University of Cambridge 


R E H LAND, m hs recent articles? and 
interesting lecture to the Royal Photographie 
Society last year, has revived interest ın the art of 
synthesizing coloured images with only two primaries 
The technique 1s to superpose on a screen the images 
of two black-and-white shdes contamed im two 
projectors having mdividual coloured light sources 
The shdes for the two projectors, here designated 
L and S, are always prepared by photographing a 
scene through red and green filters so that the trans- 
parent areas of each slide correspond to light reflected 
from the scene m the spectral intervals red-to-yellow, 
and yellow-to-cyan (blue-green) respectively The 
choice of hues for projection, or for the dyes or 
inks to be prmted on film or paper, however, 1s 
open The standard combination, as used in ‘Sov- 
color’, the origmal "Warnercolor' and therr numerous 
predecessors*, 1s red-orange and blue-green Fox 
and Hickey, more than fifty years ago, and the 
Raycol Company, 1n 1929, employed red and white? 
By studymg these and very many other pairs of 
projecting primaries im careful experiments, Land 
has been able not only to create some effective colour 
pictures, but also to report some new and accurate 
measurements For example, a surprismg gamut of 
hues, including red, white and blue, may be seen when 
the S illimmant ıs greenish-yellow (dominant wave- 
length Ag = 579 mp) and the L illummant 1s orangish- 
yellow (>z = 599 mu) With regard to other primary 
colours, the number of different hues that may or may 
not be visible in the final result 1s a function of the 
primaries To summarize his findmgs, Land has 
designated, on a chart having Ag and Ay as co-ordin- 
ates (ref 2, p 89), hereinafter referred to as Land’s 
colour map, domains indicating the unobtainable 
final subjective hues To summarize his mvestiga- 
tions of how each hue 1s produced 1n an image, Land 
constructed another chart, called the dimensionless 
co-ordinate system (ref 2, 89), where the names 
of all the hues are attached to points the co-ordinates 
of which are the relative L and S 1lummations of a 
spot in a synthesized picture where the particular 
colour was seen _ Relative L illummation ıs defined 


as the actual mtensity of L light at the spot divided 
by the maximum intensity of L light anywhere 1n the 
picture 

Many of the above facts have been verified by 
experiments at the Cambridge University Engineering 
Laboratory For example, the red-and-white primary 
combination does allow bluish and greenish hues to 
appear on the screen, or in a Kodachrome photo- 
graph of it, although detailed  examunation of 
each image point in isolation reveals nothing but 
mixtures of red, white and black, even ım regions 
which take on bluish or greenish hues when the 
isolation is ineomplete The term ‘in isolation’ 
denotes that an image pomt ıs examined by a means 
which excludes the remamder of the mage, includmg 
details, such as a highlight, of the object of which the 
pomt isa part It also denotes that the eye has not 
been exposed to any coloured fields immediately 
prior to the observation 

Land has also reported'? that nothing but shades 
and tints of red can be seen when the S and L shdes 
are wedge filters, giving a gradual change from black 
to white, oriented asin Fig 1a, so that the gradations 
run from top to bottom ın one projector and from left 
to iight in the other We modified this expermment 
by using stepped wedges overlaid by either a black or 
a white network to form detached squares against a 
background (Fig 1b and c) The results m b were 
monochromatic as in a, but with the white network 
c bluish-green hues dramatically appeared in the 
positions indicated — Pornts of the network, or back- 
ground, were pink when viewed 1n isolation through 
a small-apertured telescope, but in context appeared 
quite white The bottom mght-hand square was white 
in. 1solation, but cyan—the complementary of red— 
in context Gelatine filters of various colours were 
then inserted in either or both of the projectors 
Without a white background, only mixtures of the 
ongmal primaries were seen Against the white 
background, colours that were easily recognized 
as mixtures of two new primaries became visible 
Each new, or revised primary, was 1n turn recognized 
as one of the original primaries mixed with the 
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Result 








(a) 


(b) 


Fig. 1. Method of projecting array of s 
wedges. a, No background; b, black 
slides for S projector; second row : 


)ackground ; 


complementary of the other. This prevalence of 
complementary-hue generation strongly suggests 
that the physiological and/or psychological effects 
that occur in unorthodox two-colour synthesis are 
probably related to those which occur in simultaneous 
or successive contrast, as in the striking experiment 
wherein a red light instantly appears cyan—or a 
green light, magenta—when viewed through a hole 
in a rotating disk the surface of which is half w hite 
and half black. 

The remarkable contribution of the subjectively 
white background suggested other experiments with 
white cues. Whatever the primary hues, it was found 
that a synthesizable composition had to include areas 
which were psychologically more acceptable when 
neutral, such as a border or background which could 
be white or grey or even a rather dark grey. Excel- 
lent, though subtle, white cues are the highlights on 
glossy objects. Though very small they are hard to 
avoid in natural scenes other than landscapes, and, 
regardless of the colour of the underlying object, 
may provide the most intense white in the entire 
composition, as artists and television camera-men 
will confirm. The tolerance on mis-registration of 
the two constituent images was found to be related 
to the loss of identity of the tiny highlights in the 
scene, 

Only occasionally did the masking-off of all white 
cues fail to remove completely the impressions of 
cyan in a red-and-white synthesis. Even then, the 
residual impression usually faded away after several 
seconds. If it did persist, it was when red areas were 
nearby and simultaneous contrast was occurring. 
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uares with slides of horizontal and vertical step 
e, white background. 
slides for L projector: bottom row: 
result with red L and white S primary illuminants 


URE 711 


In this the residual cyan 
would vanish after a pale blue 
gelatine filter Was passed in and 
out of the beam of the S pro- 
jeetor—a procedure which had 
no effect on a picture containing 
white cues. 

In each screen image, whether 
a still life or abstract composi- 
tion, much was learned by 
watching (1) the warmest spot, 
(2) coolest spot and (3) white cue, 
as the primary colour filters were 
changed and/or intensities of 
illumination varied. These three 
regions receive maximum light 
from (1) the L-projector alone, 
(2) the S-projector alone, and 
(3) both projectors, respectively, 
and may thus incidentally be 
associated with the datum levels 
| of Land's dimensionless | co- 
ordinate system. As the relative 
intensities of the primaries were 
varied, the subjective colour of 


Ff f | the white cue appeared as a 
| 


case 





Q|uéiresb | “a 
| ORANGE OR angen  | 


desaturated version of their mix- 
ture, and for many primary 
pairs, a point could be reached 
when the white cue object or 
region appeared as a “very good 
| white". In brightness and hue, 
the apparent colour of the warm- 
est spot was recognized as that 
of the L projector's light mixed 
classically with the complement- 
ary of the S projector's light, the 
intensity of the second com- 
ponent being small or large accordingly as the S 
projector’s light was relatively dim or bright. For 
the coolest spot, read the foregoing sentence with $ 
and L interchanged. 


WHIT 


Top row: 
subjective 


chart*. As an example, Fig. 2a has been drawn for 
one of the remarkable pairs of primaries used by 
Land*—greenish-yellow S (579 my) and orangish- 
yellow L (599 my). Intensity is measured perpendicu- 
lar to the page, so that the chart represents lines and 
planes in colour space projected into the plane having 
medium neutral grey at O. All the physical chroma- 
ticities of the projected scene lie in the line LS. As 
light intensities are varied, the physical chromaticity 
of a white-cue spot (W) obviously moves along LS, 
but its subjective chromaticity is seen to depart from 
LS and follow the dashed curve LW’S. The separa- 
tion OW’ at the closest approach to O is exaggerated 
in the figure, for it is usually small if W originally 
falls in a yellow or other light or desaturated region 
of the chart. The reason for the shift of W to W” is 
probably psychological, and may be accompanied by 
a physiological process giving involuntary and rapid 
adjustment of the sensitivities of one or more of the 
retinal or cortical colour sensors in the direction of 
restoring the neutrality of hue of the parts of the 
image which the observer, perhaps subconsciously, 
expects or prefers to be neutral. (In projecting 
conventional eolour transparencies, one may also 
observe the tendency to retain the whites and greys 
in the original pieture when a flood of coloured light 
is superposed.) Possibly because of retinal or cortical 
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These results can be described more quantitat ively — 
with the help of the classical C.I.E. chromaticit " 


yh. 























- GREY ——£É 


Es 
-> 








ion of physical locus of chromaticities (SL) to me 
tha white-cue effect, a, Primaries 579 and 599 
c, primaries white and orangish-red ; d, final 


Fig. 2. Transformati 


maticities (S'L') via 
535 and 589 ma; 


interconnexions, the observer's controls seem to act 
as well over the remainder of whatever scene is 
sharing a common frame with the white cues, and the 
effect is one of partial subtraction of the original 
primaries over the area within this frame. 

The subjective chromaticity of the warmest spot 
"Hes at L' between L and the complementary of S, 
that is, S*. The distance DL’ increases as the relative 
intensity of S is increased. Similarly, the coolest 
spot's chromaticity S' lies on SL*, with SS'IS'L* 
depending on the ratio of the intensities of L to S, 
which is set when adjusting for the best rendering of 
white and grey. The subtractions have produced 
. revised primaries, S' and L', and a revised locus, 
SSW L/—virtually S’OL’—for all the subjective hues 
Cof the scene which, at the price of desaturation, is 
‘geen to embrace a much larger range of hues than 
SL (ref. 2, p. 86). Replacement of the mono- 
“<-ghromatic primaries with gelatine-filtered light of the 
“<*game dominant wave-lengths shifts S, L, S* and L* 
to points slightly inside the spectrum locus, with little 
effect on the result. Similar diagrams (Fig. 2b) are 
readily construeted for any other primary combina- 
tion including those in which one member of the pair 
is white (Fig. 2c). The colours in S’L’ are all desatur- 
ated to roughly the same extent, so that one usually 
obtains a pleasingly restrained and dignified? artistie 
effect like that of a water-colour painting. Primaries 
such as S” and L”, for example, lead to similar final 
T hues; but the effect can be harsh or gaudy. 

-* When S’L’ is roughly parallel to the 7 axis, Land’s 
co-ordinate system can be related to the plane 
through S'L' normal to the page (Fig. 2d). For 
other orientations of S'L', the hues lying far from 
S'L' correspond to those stated to be unobtainable in 
Land's colour map. For example, when S'L' runs 
from blue to yellow, it gives wide berth to red, green 
and magenta. When the primaries are blue L (440— 
2810 my) and violet S (400—435 my), the construction 
makes S’ and L’ fall in the magenta and green regions, 
respectively. Not only are ell other hues now un- 
obtainable, but the revised cool primary S' is now 
warmer (redder) in aspect then L'. (See the region 
, marked “short wave reversal" in Land's colour map.) 
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A final problem concerns the fact: 
that some of the colours, such as: 
yellow, purple, deep blue, etc, 
which are sometimes. i ; 


“four paints on its pallette’’—red 
cyan, black and white. Numeroys 
experiments with many. observer 
suggest that a psychological factor, 
probably related to the effect of th 
picture on the observer’s emotions, 
determines whether the subject: 
colours will be limited to thosé 
S'L' or whether hues from close 
adjoining regions in the C.I.E. chi 
may be co-opted by the imagination 
For exaniple, with synthesized pic- 
tures of most geometrical pattern 
or of an uninteresting collection. o 
variously coloured but otherwi 
identical polished plastic spheres, 
no colours outside the limited rang 
of SL’ were noted in the projected, 
image by indifferent observers to 
whom no suggestions were given. | 
However, if suggestions were given, or if the scene. E 
possessed the least trace of human interest, LS 
colours such as cyan, dark desaturated cyan, light — 
pink and dark grey might convincingly appear to, 
some observers, respectively, as a green, blue, yellow 
and violet of the same lightness, and a low-intensity 
red could sometimes appear either as chocolate, 
claret, mahogany, or purple. When viewing the 
array-of-squares projections (Fig. le bottem) some 
observers reported seeing spectral sequences in the 
rows or columns and named individual squares as 
amber, orange, purple, indigo, ete. Unanimous 
agreement among normal observers, however, could 
only be approached when the objects actually were . 
of an L'S” colour, or when they had an established 
identity, such as daffodils, ivy leaves, a croquet set, 
hair, sky, a Chinese teacup, etc. ; 

To conclude, we believe that, in conjunction with © 
the phenomenon of overlapping in the subjective | 
distinctions between colours of equal lightness and ' 
adjacent hue, the white-cue effect.—which, in restoring 
the sensations of white and grey to a framed image, | 
causes the original primaries of that frame each to _ 
be modified by the addition of the complementary 
of the other—adequately explains tbe various 
phenomena associated with the unorthodox two-colour | 
synthesis of images of natural objects. a 

I am indebted to Prof. W. R. Hawthorne for his 
generous sponsorship and encouragement of the 
project and many helpful discussions and suggestions... 
The valuable comments of Dr. W. A. H. Rushton a 
Dr. E. N. Willmer are gratefully acknowledged, as is 
the technical assistance of Messrs. E. R. Mudd, 
E. D. ‘Nisbet, L. R. Peters and the staff of the Engi 
eering Laboratory Workshop under A. A. Barker 
Thanks are also extended to the scores of observers. 
whose comments are a necessary part of any subjee- : 
tive study. ; 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the publ) 


Monday, October 26 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
SW 7), at 5 pm—Prof Michael J Wise “Great Cities of Japan” 


UNIVERSITY COLLEGE (in the Physiology Theatre, Gower Street, 
London, W C1), at 580 pm —Prof A Fleckenstein (University of 
Freiburg) “The Metabolsm of Labile Phosphate Compounds in 
living Muscle, Studied with Radioactive Phosphorus and Paper 
Chromatography” (First of two lectures on “Isotopic Studies of 
Phosphorus Metabolism in Skeletal and Heart Muscle’ Further 
lecture on October 28 >* 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W C1) at 6 pm —Prof E G Bomng (Harvard University) 
“Current Trends in American Psychology” (Last of three lectures 
on “The Pattern of Modern Psychology” )* 


Tuesday, October 27 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, WC 1), at 115 pm —Dr Bhzabeth M Deuchar ‘How 
cose Develop—Grafting Experiments and the Organiser Con- 
cept” 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND CON- 
TROL SECTION (at Savoy Place, London, W 02), at 530 pm— 
Discussion on “Future Trends in Memory Stores for High-Speed 
Digital Computers”, opened by Mr W Renwick 


ILLUMINATING ENGINEERING SOCIETY (at the Federation of British 
Industries, Tothill Street, London, S W 1), at 6 p m —Mr N 
lrens “Light and Productivity” (Golden Jubilee Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(at 1 Birdeage Walk, Westminster, London, 8 W 1), at 6 p m —Mr 
Leonard Raymond ‘‘Engineering Challenges to American Auto- 
motive and Petroleum Research” 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 
land Place, London, W 1), at 7 pm —Mr J H Bach and Mr G E 
Fishter “Modern Developments in Optical Instruments" 


BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, m 
association with GRANADA TV NETWORK, af the Guildhall, London, 
EC 2),at 830 pm-—Sir Eric Ashby Third of the Inaugural Series 
of the Granada Lectures on the theme of “Communication in the 
Modern World” 


Wednesday, October 28 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEOTRONIOS AND COM- 
MUNICATIONS SECTION (at Savoy Place, London, W C 2), at 530 pm 
ree y J L Pulhng “Development of Eurovision” (Chairman's 

TESE, 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS 
GnoUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6pm 
—Prof J L M Morrison, Prof B Crossland and Dr J 8 © Parry 
“Strength of Thick Cylinders Subjected to Repeated Internal Pressure" 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, S W 1), a£ 615 pm—Mr A E 
penan and Mr B H Doel “The Nutritionist and the Food 

ndustry” 


Thursday, October 29 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
London, W 01) at 115 pm —Dr G E Fogg “Infe on Mars" * 


UNIVERSITY OF LONDON (at the Imperial College of Science and 

Technology, London, S W 7),at1 30 p m —Mr 8 J Gould “Industry 

and Society 1—The Sociologists Look fat Industry" * (First of 

ave pe Further lectures on November 12, 19, 26 and Decem- 
er 


UNIVERSITY OF LONDON (at the Senate House, London, W C 1), 
at530pm —Dr Kenneth M Smith, CBE,FR 8 “Recent Work 
on the Electron Microscopy of Viruses” * 


INSTITUTE OF PHrsICS (ab 47 polgrave Square, London, S W 1), 
at 6 p m —Prof G O Jones “New Uses for Low Temperatures” 


Friday, October 30 


UNIVERSITY OF LONDON (at the Institute of Neurology, National 
Hospital, Queen Square, London, W € 1), at 5 30 pm —Dr Paul C 
Bucy (Chicago) “Neural Mechanism Responsible for the Control 
of Motor Activity" 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm—Mr F C Bawden, FRS “Plant Viruses What They 
Are and What They Do” 


Saturday, October 31 
SOCIETY FOR FORENSIC SCIENCE (1n the Lecture Theatre, Portland 


Building, University of Nottinghum),at 10a m and 2p m —Inaugural 
Meeting 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

FELLOW or SENIOR FELLOW IN PuILOSOPHY within the Department 
of Social Philosophy, Australian National University, Canberra— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W C 1 (Australia, November 10) 

ASSISTANT (with a degree in botany or horticulture or equivalent, 
and preferably experience 1n microscopy, and mathematical ability) 
IN THE POMOLOGY SECTION, for work on plant anatomy—The Secre- 
tary, Bast Malling Research Station, near Maidstone, Kent (Novem- 
ber 15) 

CHAIR OF METALLURGY in the University of the Witwatersrand, 
Johannesburg, South Africa—The Secretary, Association of Univer- 
sities o£ the British Commonwealth, 36 Gordon Square, London, 
W C1 (South Africa, November 15) 

BilocHemist (with two or three years research experience 1n agri- 
cultural chemistry, and preferably with MSc or Ph D qualifications), 
for duties which include supervision of routine so1l and plant analyses 
and research on the composition and properties of tobaceo—The 
Director, Tobacco Research Board of Rhodesia and Nyasaland, P O 
Box 1909, Salisbury, Southern Rhodesia (November 16) 

SENIOR LECTURER, LECTURER and 2 SENIOR DEMONSTRATOR IN 
PaYSIOLOGY at the University of Melbourne, Australia—The Secre- 
tary, Association of Universities of the British Commonwealth, 36 
Gordon Square, London, W O 1 (Australia, November 16) 

LECTURERS or ASSISTANT LECTURERS IN BOTANY, CHEMISTRY, 
GEOGRAPHY, MATHEMATICS AND ZOOLOGY at the University of Malaya, 
Kuala Lumpur—The Secretary, Association of Universities of the 
Bata Commonwealth, 36 Gordon Square, London, W C 1 (Novem- 

er 

CHAIR OF ANATOMY tenable in the Newcastle Division of the Um- 
versity—The Registrar, University Office, 46 North Bailey, Durham 
(November 21) 

LECTURER IN CIVIL ENGINEERING at the University of Queensland, 
Australia—The Secretary, Association of Universities of the British 
eo 36 Gordon Square, London, W C 1 (Australia, Novem- 

er 27 

LECTURER (with qualifications in either pure or applied mathe- 
matics) IN MATHEMATICS at the University of Canterbury, Christ- 
church, New Zealand—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W C 1 (New 
Zealand, November 30) 

MYcornocisT (with a good honours degree in botany with mycology 
ag a special subject, 2 knowledge of the more fundamental aspects 
of animal and human mycoses, and preferably with a knowledge of 
Latin and other languages) at the Commonwealth Mycological Insti- 
tute, Kew—The Secretary, Commonwealth Agnecultural Bureaux, 
Farnham House, Farnham Royal, Bucks (November 30) 

BIOCHEMIST (with M $c or higher umyersity degree), for work in 
the field of plant nutrition, with special reference to miero-elements 
and enzyme activity—The Director, Cawthorn Institute, Nelson, New 
Zealand (December 15) 

CHAIR OF GEOGRAPHY in the University of Otago, Dunedin, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C 1 (New Zealand, 
December 15) 

ASSISTANT or ASSOCIATE PROFESSOR OF PATHOLOGY at Queen's 
University, Kingston, Canada —The Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon Square, London, W C1 


REPORTS and other PUBLICATIONS 


(nol included ın the monthly Books Supplement) 


Great Britain and Ireland 


Digest of Somet Technology, No 1(Apri11959) (Express Information 
on Recent Technological Developments in the Soviet Union and 
Eastern Europe ) Pp 36 Annual subseription rate (121ssues) £6 63 Od 
post free (Kirkham, Preston Jingineering Information Services, 


287 
Dauntsey’s School Natural History Society Annual Report, 1957-8, 
1958-9 Pp 23 (West Lavington, Devizes  Dauntsey's School, 
1959) 1s 62 287 
Committee of Privy Council for Medical Research Report of the 
Medical Research Council for the year 1057-1958 Pp wiu-4-288 
(Cmnd 792) (London HM Stationery Office, 1959 ) 18s net [997 
Ministry of Labour and National Service Annual Report of the 
Chief Inspector of Factories on Industrial Health for the year 1058 
Pp iv+61 (Cmnd 811) 3s 64 net Annual Report of the Chief 
Inspector of Factories for the year 1958 Pp 95 (Cmnd 810) 5s 6d 
net (London HM Stationery Office, 1969 ) 307 
Creative Leadership ın a State Service a General Survey (Hos- 
pitals and the State Hospital Organisation and Admunistration 
under the National Health Service, Sixth and Final Research Paper ) 
Pp ui+80 (London Acton Society Trust, 1959 ) 4s [317 
Aur Ministry Meteorological Office Tables of Temperature, Rela- 
tive Humidity and Precipitation for the World Part2 Central and 
South America, The West Indies, and Bermuda Pp vin+53 (MO 
617b) (London HM Stationery Office, 1958 ) 5s 6d net i317 
Ministry of Agriculture, Fisheries and Food Fishery Investigations, 
Series 2, Vol 22, No 6 On the Nature of Production ın the Sea 
By D H Cushmy Pp nı+40 (London HM Stationery Office, 
1050) 10s net [58 
Conquest Pamphlet No 8 Facts About Canine Distemper—Out- 
standing questions posed and answered by the Research Defence 
Society Pp 6 (London Research Defence Society, 1059 ) 6d [68 
Ciba (A RD), Limited Technical Notes No 199 (July, 1959) 
iM. 185in the Antarctic Pp 4 (Duxford Cibs(A RL Luta ; 
959. 8 


714 


Educational Productions, Ltd Filmstrip No OX 6208 Resident 
British Birds 33 frames 27s 6d Notes for use with Filmstrip No 
ox MOT 19 (Hast Ardsley, Wakefleld Educational amar 

i 68 

The United Kingdom Dairy Industry Edited by Prof E L Crossley 
(Prepared under the auspices of the XV International Dairy Congress 
on behalf of the United Kingdom Dairy Association ) Pp viii -142 -+16 
plates (London United Kingdom Dairy Association, 1959 ) [108 


Other Countries 


Annals of the South African Museum, Vol 45, Parti Contributions 
to the knowledge of South African Marine Mollusca Part 2 Gastro- 
poda—Prosobranchiata Rhachiglossa By K H Barnard Hydrozoa 
from Ships’ Hulls and Experimental Plates ın Cape Town Docks By 
N A H Millard Pp 257 (Cape Town South African Museum, 
1959 ) 46s {277 

South African Council for Seiertifle and Industrial Research 
National Building Research Institute Corrosion of Concrete Sewers 
Pp xiv+236 (Pretoria South Arıcan Council for Scientific and 
Industrial Research, 1959 ) 277 

Institut pour l'Encouragement de la Recherche Scientifique dans 
l'Industrie et l'Agriculture Comptes Rendus de Recherches No 21 
(Juin, 1959) Werkzaamheden van Let Comité voor de Studie van de 
Ziekten en de Voeding van het Rundvee Pp 91 140francs No 22 
(Jun, 1959) Travaux du Centre Belge d'Études et de Recherches en 
Fonderie {Pp 230 240 francs (Bruxelles Institut pour l'Encourage- 
ee Yt la Recherche Scientifique dans l'Industrie et PAgrneultute, 
Académie Royale de Belgiqe Classe des Sciences Tome 31, Fascicule 
1 tude Phytosociologique de Ia Fagne Wallonne et de la Fagne de 
Clefay—(Structure et Évolution des Associations Végétablesà Sphaignes 
dangles Hautes-Fagnes de Belgique : Par M Streel Pp u4-100 160 
francs Tome 81, Fascicule3 Le Granite et les Déformations Mineures 
des Roches (Schistosité, Microplissemant,ete ) Par P Fourmaner Pp 
101 100francs Tome 31, Fascicule 4 "Une Classe de Modèles Euch- 
diens pour Métrigues Variationnelles Par Marcel Coz Pp 42 
francs Tome 31, Fascicule 5 Sur les Congruences Pseudosphériques 
Par Prof F Backes Pp 31 40franes (Bruxelles Académie Royale 
de Belgique, 1959 ) [277 

Food and Agriculture Organizaticn of the United Nations FAO 
Nutrition Meetings Report Series No 928 Report of the Regional 
Seminar on School Feeding in South America, Bogota (Colombia), 


27 October—8 November 1958 Pp ni+60 (Rome Food and 
Agriculture Orgamzation of the United Nations, 1959) 3s 6d, 
075 dollars 287 


The Canada Council Second Annual Report p March 31, 1063 


Printer, 1958 ) [297 
Government of India Meteorological Department Reports on the 
Administration of the Meteorological Department of the Government of 


India Year 1950-51 Pp 664-8 plates Year 1952-53 Pp 62+5 
plates Year 1954-55 Pp 81+8ylates Year 1955-56 Pp 91+6 
plates Year 1956-57 Pp 724-10 plates (Simla Government of 


India Press, 1955 and 1958 ) 

Forest Research 1n India, 1951-52 Part 2 Reports from Burma 
and Indian States Pp i1--194 Rs. 425, 0s 0d Forest Research 
in India, 1955-56 Part 1 The Forest Research Institute Pp 
v+167 Rs 4, 6s 62 (Delhi Marager of Pubheations, 1957 ) [307 

South Australia Institute of Medical and Veterinary Science 
Twentieth Annual Report of the Counc], July 1957-June 1958 
io (Adelaide Institute of Medical and Veterinary Sonnet 

Federation of Nigeria Annual Report on the Department of Agri- 
cultural Research for the year 1957-58 Pp 43 (Lagos Federal 
Government Printer, 1959 ) {307 

BANZ Antarctic Research Expeditions, 1020-1031 — Reports— 
Serres B (Zoology and Botany) Vol 6, Part 10 — Radiolaria in 
Antarctle Sediments By Willam R Riedel Pp 217—250 (4 plates) 
163 Vol 6, Partii Seleractinian Corals By John W Wells Pp 
257-276 (2 plates) 12s Vol 6, Part12  Turbellara By Dr Libbie 
H Hyman Pp 277-290 8s Vol 6,Part13  Free-Living Nematodes 
Section 2 dditional Enoploidea from Antarctie Stations — By 
Patriaa M Mawson Pp 291-306 4s 6d Vol 6, Part 14 Free- 
Living Nematodes Section8 Enoploidea from Subantaretic Stations 
By Patricia M Mawson Pp 307-858 17s (Adelaide BANZAR 
Expedition Committee, 1958 Issued through the Barr Smith Library, 
University of Adelaide ) [807 

American Academy of Arts and Seiences, Boston Francia Amory 
Prize Recipients Amory Prize Lectures 1947 Medical Significance of 
the Amory Prize Researches By Charles Huggıns 1954 Man, Beast, 
and Field By Terence Milin From the Willoffrancis Amory Pp 32 
Records of the Academy, 1958-1959 Pp 122 The American Academy 
of Arts and Sciences Pp 19 (Boston American Academy of Arts 
and Sciences, 1958 and 1959 ) [317 

Studia Universitatis Lovanium Faculté des Sciences No 9 
Paléolithique Ancien à Léopoldville Par Hendrik Van Moorsel Pp 24 
(Leopoldville Editions de l'Universite, 1959 ) 35 francs [58 

United States Atomic Energy Commission Report ORINS-25 
The Acute Radiation Syndrome—a Medical Report on the Y-12 
Accident, June 16,1958 Compiled by Marshall Brucer Pp vi-+188 
(Washington, DC Office of Technical Services, Department of 
Commerce, 1959 ) 1 dollar 58 

Umversity of Sydney School of Agriculture Report No 4 
The Commercial Use of Nitrogenous Fertilizers and Autumn Sown 
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Oats for the Production of Winter Dairy Forage 


By F C Crofts 
Pp 41 (Sydney The University, 1959 ) [58 
University of Kansas Museum of Natural History Miscellaneous 
Publication No 17 Birds of the Ungava Peninsula By Francis 
Harper Pp 1-171 (Lawrence, Kansas The Universiby, 1058 ) [58 
nıted States Department of the Interior Geological Survey 
Bulletin 1019-N Selected Bibliography of Andalusite, Kyanite, 
Sulimanite, Dumortierite, Topaz, and Prophyilite in the United States 
By Agnes B Gramebaur Pp 1+973-1046+plate6 45cents Bulletin 
1046-K Results of Geologic Exploration by Core Drilling, 1953, 
Land-Pebble Phosphate District, Florida By James B Cathcart and 
Lawrence J McGreevy Pp 1v+221-298+plates 16-34 Bulletin 
1072-E Areal Geology of the Placerville Quadrangle, San Miguel 
County, Colorado By A L Bush,C S Bromfield and © T Pierson 
Pp 1v4-299-384 J-plates 4-8 Bulletin 1074-E Uramum in Phillips 
Mine—Camp Smith Area, Putnam and Westcheater Counties, Now 
York. By Harry Klmeic, John H Erie, James R McNutt, and Frank 
A McKeown Pp 1v-+165-199+plates 11-18 Bulletin 1081-A 
Graphic-Locator Method in Geologic Mapping By David J Varnes, 
Tommy L Fmnelland Edwin V Post Pp u1+1-10+plate 1 -15 
cents Bulletin 1086-E Index to Geophysical Abstracts 172-175, 
1968 By Dorothy B Vitahano and others Pp uit+1-128 35 cents 
(Washington, D Government Printing Office, 1959 ) [58 
United States Department of the Interior Geological Survey 
Water-Supply Paper 1320-C Floods of April-June 1953 1n Louisiana 
and Adjacent States Prepared under the direction of J V B Wells 
Pp 1x+165-320+plates 5-7 Water-Supply Paper 1407 Ground- 
Water Appraisal of Santa Ynes River Basin, Santa Barbara County, 
California, 1945-52 By H D Wilson, Jr Pp vi--119- plates 1-8 
Water-Supply Paper 1468 Geology and Ground-Water Resources 
of Clay County, Nebraska By O F Keechand V H Dreeszen Pp 
vi+157+-plates 1-4 1 50 dollars Water-Supply Paper 1470 Geology 
and Ground-Water Features of the Eureka Area, Humboldt County, 
Califorma By R E Evenson Pp iv4-80--plates 1 and 2 Water- 
Supply Paper 1476 Investigations of Sediment Transportation, 
Middle Loup River at Dunning, Nebraska By D W Hubbelland D Q 
Matejka Pp vi+123+plates 1-13 Water-Supply Paper 1496-A 
‘A Survey of Analytical Methods for the Determination of Strontium 
in Natural Water By C Albert Horr Pp 11+1-18 15 cents Water- 
Supply Paper 1514 “Surface Water Supply of the United States 1957 
Part 10 The Great Basin Prepared under the direction of J V B 
Wells Pp wi1+233 1 dollar Water-Supply Paper 1516 Surface 
Water Supply of the United States 1957 Part 12 Pacific Slope 
Bassin Washington and Upper Columbia River Basin Prepared 
under the directionof J V B Wells Pp 1x+358 (Washington, D Ó 
Government Printing Office, 1959 ) [58 
United States Department of the Interior Geological Survey 
Professional Paper 260-W Lower Eocene Phosphatized Glodwgerina 
Ooze from Sylvama Guyot By Edwin L Hamilton and Robert W 
Rex Pp wit+785-708+plates 250-254 Professional Paper 280-K 
Geology of Saipan, Mariana Islands Part 4 Submarme Topography 
and Shoal-Water Ecology By Preston E Cloud,Jr Pp_vi+361~445 + 
plates 120-189 Professional Paper 307 Geology of the Pierre Area, 
South Dakota By Dwight R Crandell Pp 1iv4-1-183 L-plates 1-8 
Professional Paper 319 Geology and Ore Deposits of the Chicago 
Greek Area, Clear Creek County, Colorado By J E HarrisonandJ D 
Wells Pp v+92+plates 1-13 Professional Paper 321 Cenozo'c 
Echinoids of Eastern United States By C Wythe Cooke Pp nit 
108 ^ n 1-43 (Washington,DC Government Printing Ofico, 
Year-Book of the Institute of Nutrition, Budapest, for 1958 Po 
xiv+102 (Budapest Institute of Nutrition, 1950 ) {fo 
Population Reference Bureau, Ine, Washington Populatiun 
Bulletin, Vol 16, No 4 (July, 1959) USSR Census—a Power 
Myth Exposed Pp 61-80 (Washington,DC Population Reference 
Bureau, Inc , 19 [68 
Bulletin of the American Museum of Natural History Vol 118, 
Article 2 The Species of Nvmravus (Carnivora, Felidae) By Loren 
Toohey Pp 71-112+plates 9-22 (New York American Museum of 
Natural History, 1959) 150 dollars [68 
Transactions of the American Philosophical Society New Series 
Vol 49, Part 4 "The Medieval Theories of the Just Price—Romanists, 
Canonists, and Theologians in the Twelfth and Thirteenth Centuries 
By John W Baldwin Pp 92 (Philadelphia American Philosophical 
Society, 1959 ) 2 dollars [68 
Geological Survey of British Guiana Bulletin No 27 The Gold 
Deposits of the Cuyuni River By BR T Cannon Pp 69 (Georgetown 
Geological Survey, 1958 ) 1 dollar {78 
Publications of Field Museum of Natural History, Chicago Zeo- 
logical Series Vol 25, Part4 A Bibliography of Birds, with special 
reference to Anatomy, Behavior, Biochemistry, Embryology, Path- 
ology, Physiology, Genetics, Ecology, Aviculture, Economic Orni- 
thology, Poultry Culture, Evolution, and related subjects By Prof 
Reuben M Strong Pp 1+186 (Publication 870) (Chicago Field 
Museum of Natural History, 1959 ) 2 75 dollars (78 
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THE STUDY OF MAN 


ESPITE comments durmg recent yeais that the 

Buitish Association for the Advancement of 
Science appeared to have lost both its bearmgs and 
its impetus, 16 has been generaliy acknowledged that 
the presidential address has always been much moie 
than a rallymg call at an annual meeting, it has 
mereasingly come to be recognized as a statement 
by a leading man of science to the nation In these 
addresses, each president has considered a theme 
which often has reflected outstandmg interests of 
men of science at that particular time In a discipline 
which daily grows more complex and bewildermg, 
Sn Edwaid Appleton at Liverpool pleaded with men 
of science to make themselves mtelhgible to the 
layman, without an informed populace he showed 
that science could not flourish At the Dublm 
meeting, Piof P M S Blackett was concerned with 
the need for applymg science and technology on a 
woild-wide front to solve world-wide problems of 
poverty and distribution With his own travels as 
background, Price Philip at Edmburgh discussed 
international aspects of science and how they could 
contribute to bette: understandmg between peoples 
everywhere Now, 1n a world where powerful blocs 
have realized that material strength alone is not 
enough, this year’s president, Sir James Gray, 
invites men of science everywhere to pay full regard 
to moral principles and the social repercussions of 
their discoveries (see p 35 of this issue) 

The address 1s noteworthy for a number of features 
First, because Sw James Gray has looked at science 
as a whole and has supported his arguments by 
evidence drawn fiom a number of the sections which 
comprise the Biitish Association, he himself has 
acted as a lmk between them Secondly, because he 
has used the life-science of biology to show its unifying 
influence m the overall study of man and, thirdly, 
because he has used his own wide background to 
examme defects ın the educational system before 
making suggestions both for spreadmg and applying 
knowledge of science and technology throughout the 
world and for making 16 part of the general philosophy 
ofman lake others m this famous series, his address 
will be long 1emembered as a contribution to man’s 
general evolutionary progress 

Two of Sir James’s general topics will command 
widespread support The ever-present need to 
consider the beneficial effects of science on mter- 
national relationships ıs made very difficult ın a world 
where science 1s primarily seen as a manufacturer and 
distributor of hydrogen bombs , Sir James is emphatic 
that the primary objective of men of science should 
be to illuminate the beauty of science, 1ts inflexible 
pursuit of truth, its challenge to courage and tenacity 
and its power to inspire 

The place of science m a general philosophy of life 
is equally well put Like music, science knows no 
barriers, and the combined efforts of scientists 
throughout the world are necessary if man ıs to 
continue in his efforts to unravel the secrets of 


Nature Where there ae political restramts, where 
knowledge is bounded materially and mentally by 
local and national bariers, the man of science can 
provide a bridge which should encompass the Earth 
Missiles should be guided, not to destroy mankind, 
but to bring fresh dehght m makmg clearer the 
mysteries of the heavens 

To make wise and humane use of science, as Sir 
James rightly pomts out, somethmg more than 
statistics or the precise laws of physics and chemistry 
will be required Tho challenge is to the less well- 
defined biological sciences and to the ill-defined 
social sciences arising from them These sciences 
must be vigorously pursued not only to discover more 
of man himself, but also of his relationships with his 
fellows everywhere, they must also be more widely 
taught so that more and more people have better 
opportunities for understandmg themselves and other 
people Sn James is right to emphasize that it 1s 
in the biological and social sciences that the answer 
may be found as to whether or not science has real 
cultural significance In his address, the new presi- 
dent of the British Association also shows the practical 
nature of the biological sciences, and that man still 
has much to learn from his evolutionary predecessors 
Students of aeronautics, navigation and communica- 
tions would hasten further discoveries if they paid 
more attention to biology It could be added that 
many students of the humanities and of the physical 
sciences could considerably reduce the cost of the 
National Health Service if they would but study some 
of the general principles of b:ology , m so domg they 
would improve thew health and, presumably, theu 
happmess 

In the field of demography, Sir James uses his 
own arguments to give full support to conclusions 
put forward by Prof Blackett m Dublm With 
evidence drawn from the study of natural evolution, 
he clearly and courageously puts his choice before 
all cıvılızed beings Accepting the discipline of 
voluntary limitation of familes, man can direct the 
course of his own evolution without the evil conse- 
quences of over-population , if he “behaves liko an 
animal and allows his population to increase while 
each nation steadily increases the complexity and 
range of rts environment, Nature will take her course 
and the law of the Jungle will prevail" Churches 
throughout the world should examine their doctrines 
to seo whether they are spiritually justified m brmgmg 
misery and destitution to so many people, and 
whether they are indeed helpmg man to achieve the 
highest moral and spiritual development of which 
he ıs capablo Men, Sir James says, really ought to be 
able to do something better than ants 

In another comparison of man and animals, Sir 
James agam shows the practical advantages which 
deeper study of the biological sciences could bring 
Study of the learnmg process has 1evealed five basic 
principles, all of which could be applied to the trammg 
of human beings These principles could be made 


B A.2 


much more use of by teachers everywhere and could 
revolutionize existing training methods in industry, 
adoption of these principles could so influence pro- 
ductivity that the well-being of many under-privileged 
peoples could be rmproved The all-too-prevalent 
rule-of-thumb methods used to control mdustry, 
which were described by Sir Alexander Fleck at 
Glasgow last year, would quickly disappear if Sir 
James Gray’s biological prmeiples were widely 
adopted m education and training 

From his own education and experience, Sir James 
treads a well-worn path in pleading for a wider out- 
look 1n the teachmg of science Where the majority 
of children are still leaving school without any real 
acquaintance with science, 1615 right that the president 
of the British Association should support his pre- 
decessors m advocating the teachmg of science to 
more children more often Adults, too, should 
not be neglected, and much responsibility rests 
on existing and projected area organizations of the 
Brrtish Association In those areas where they have 
already gone to work they have taken on ther tasks 
with enthusiasm and energy They can do much to 
support ther president and to make the British 
Association once more regarded not only as an 
orgamzation which holds an annual meeting, but also 
as the spearhead for spreading interest in science 
throughout Great Britam In so domg they can 
also help the British people to understand move 
deeply the meaning of democracy and to accept the 
responsibilities 1b brmgs 


THE IMPORTANCE OF BEING 
HUMAN 


The Importance of Being Human 

Some Aspects of the Christian Doctrine of Man 
By E L Mascall Pp vu4-118 (London Oxford 
University Press, 1959) 10s 6d 


BOOK on the Christian doctrme of man in the 
hght of modern science can at least be said to 
have a subject of vital concern to all who care for 
religion Though Dr Mascall has not written a 
comprehensive treatise, he has dealt with some of 
the fundamental questions, and 1t need not be added 
that he ıs well equipped both by his knowledge of 
science and his theological learning for the task 
There are two kinds of book on this topic, one that 1s 
prepared to modify or ‘re-mterpret’ the Christian 
dogmas and the other that defends them with no 
accommodation to modern thought Dr Mascall’s 
book belongs to the latter class Though, of course, 
he 1s ready to restate the doctrme of the Church to 
make it more intelligible, he will not contemplate 
any radical revision He writes as one who accepts 
an Aristotehan metaphysic, m the main according 
to the theistic version of St Thomas, and regards the 
tradition of the Christian Church as revealed truth 
It ıs to be hoped, however, that these presuppositions 
will not deter readers from attending to what he has 
to say, for he touches on problems that need to be 
faced The modern man’s difficulty about under- 
standing his nature and status m the universe, 
Dr Mascall thinks, 1s largely due to the fact that 
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science appears to allow him no “special and assigned 
status” and no “definite and determmed nature" 
Scientific discourses on the uniqueness of man really 
leave the ordimary man m the dilemma that he does 
not have any clear idea of what beng human means 
He was better off in this respect when he could be 
satisfied with the assurance that man 1s the “rational 
animal" Dr Mascall rejects the suggestion that 
man may be a stage in the evolution of some higher 
kind of beng ‘The Incarnation, he holds, must 
prohibit any Christian from regarding man as a 
stepping-stone to some superman “If the Christian 
religion. 1s true, we have quite solid reasons for holding 
that, whatever developments man 1s meant to under- 
go, man is meant to remain man, for, if God has 
himself become man in the Incarnation, he has 
sealed human nature with a certificate of value whose 
validity cannot be disputed" I think this quotation 
gives the keynote of the book It leads on to discus- 
sions of ‘Body and Soul", Individual and Society”, 
“Nature and Supernature”, “Man Fallen and Man m 
Christ”, all of which are characterized by shrewd 
insights and an uncompromising adherence to tradi- 
tional Christian doctrme A particularly mteresting 
and important point ıs elaborated ın the chapter on 
“Nature and Supernature", where Dr Mascall de- 
velops the conception of “the fundamental openness 
of man s bemg to God's activity" as the basis of “the 
Cathohe doctrine of the elevation of man's nature to 
the level of supernature by grace” 

Much in this book will seem to scientific humanists 
strange and unacceptable, but they may learn some- 
thing from ıt and m any event there is zsthetic 
pleasure in readmg a thesis clearly stated and ably 
argued W R MATTHEWS 


T. H. HUXLEY 
T H. Huxley 


Scientist, Humanist and Educator 
Bibby Pp xxu+330+413 plates (London 
Watts and Co, Ltd, 1959) 25s net 


OO many people remember T H Huxley simply 

as ‘Darwin’s bull-dog! The occasion of dramatic 
reproof to an ill-mannered and ignorant bishop 1s a 
single meident that obscures a lfe of energy and 
devotion m many fields, and Dr Bibby’s book, 
painstaking though ıt 1s, does not really succeed in 
communicating the excitement of the intellectual 
battlefields over which its hero fought Partly this 18 
due to 1ts arrangement The author has discarded a 
straightforward biographical treatment in favour of 
one in which separate sections deal with particular 
aspects of Huxley’s mterests The result ıs to 
dehumanize the central character, to make him less 
a vivid and warm personality than a mouthpiece foi 
sentiments that leave an impression of worthiness 
rather than intensity But the cause of this flatness 
is not primarily Dr Bibby's fault, ıt 1s simply that 
much of what Huxley thought and said 1s no longer 
a darmg adventure of ideas His reputation has 
suffered by his own success He appears less exciting 
to us than he did to his contemporaries because many 
of the battles which he fought with such vigour have 
now been won The biological views which he sup- 
ported are in modified forms part of the accepted 
fabric of our thought The aim of an adequate 
provision of scientific education, or indeed of adequate 
and universal education of any kmd, which he spent 


By Dr Cyril 


CA 


No 4688 September 5. 1959 


himself m promoting 1s now, if not achieved, at any 
rate acknowledged as a necessity for a crvilized com- 
munity, and at a deeper level the scientific and 
rational attitude which was the mamspring of his life 
and work is nominally at least part of the mtellectual 
climate of our time 

But ıt would be a very superficial view of Huxley 
that dismissed him as a thmker from whom we have 
nothing to learn Huxley was a man who was very 
characteristic of his time , ıb can truly be said that 
he embodied those qualities of the Victoman Age 
which we can most envy and most admire It was 
an age of principles and of beliefs, and Huxley hım- 
self believed passionately m the value of human 
reason, m the power of education to transform 
societies, and in the power of science to change not 
only man’s environment but also his habits of 
thought He was a Victorian of the same mould as 
Thomas Arnold and George Elot To the causes m 
which he believed he sacrificed his own scientific 
achievement, and ıt 1s an mteresting speculation as 
one reads this book to ask whether or not Huxley 
was right to leave undone the original work he might 
have carried out in the laboratory and mstead spend 
endless hours m commuttees, on the London School 
Board or in writmg controversial articles For him 
education, science and greater social equality were 
causes to be fought for with meredible mdustry, with 
the resources of a superb gift of writing, and with a 
pervading moral earnestness If one adds to these no 
httle ability m the art of wire-pullme for good causes 
one can understand why he attamed an influence 
over the thought of his tume that few men have had 

By comparison our own age seems half-hearted 
and disillusioned Two great wars have shown 
us that a civihzation highly developed m science 
and technology is still capable of behaving as 
irrationally and cruelly as a band of savages. Oneof 
Huxley's own gifted grandsons has revealed the kmd 
of Utopia to which scientific progress can conceivably 
lead We have lost the certamties and the sim- 
plicities of the Victorians, and ıt would no longer 
seem worth while for an emment man of science to 
conduct a controversy with & prime munister on the 
credibility of the story of the Gadarene swme The 
uwrationalities of our time are more pervasive and 
infinitely more harmful than those against which 
Huxley fought But if Huxley’s beliefs seem ın some 
ways over-simple, his vigour, his humanity, his belief 
that the scientist must show concern for the social 
and intellectual problems of his time, offer us a great 
example Huxley stands as evidence of the fact that 
a scientist can also be a humanist and an educator, 
and Dr Bibby deserves our gratitude for makmg 
clear this triple contribution at a time when some 


such synthesis 18 so necessary 
JAMES OF RUSHOLME 


STARS AND MEN 


Of Stars and Men 

The Human Response to an Expanding Universe By 
Harlow Shapley Pp vu+145 (London Elek 
Books, Ltd, 1958) 15s net 


R HARLOW SHAPLEY, director of the Har- 
vard College Observatory for more than thirty 
years, ıs a world-renowned figure ın the fields of 
astronomy and cosmography He has the not 
common gift of bemg able to write simply and 
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lucidly for both scientist and layman Dr Shapley 
begins by attemptmg an obituary of the anthropo- 
centric view that man ıs the centre of the cosmos, 
and continues by mterpreting the consequences to 
man (or rather to certam aspects of rational thmkmg) 
of the latest scientific discoveries 1n the cosmos. Dr 
Shapley’s mterpretation of man’s position m the 
cosmos—a favourite theme since the writing of the 
first chapter of Genesis—is the latest and the best to 
date, but ıt will not prove to be the last No doubt 
Dr Shapley deduces from our cosmological knowledge 
the best mterpretation of our present generalizations, 
but only from the physical pomt of view It is 
difficult to know how terrestrial man can ever do 
more than speculate on the existence of life on 
planets outside his own solar system — Interestmg as 
all this 1s as a rational and speculative exercise, much 
of the issue is evaded The nature of man as a 
spiritual bemg capable of high aspirations, of self- 
sacrifice, and the creation and appreciation of 
beautiful thmgs, does not appear m Dr Shapley’s 
picture to any great extent This 1s not to belittle this 
book, within the framework which he honestly sets 
out at the beginning he has developed his story with 
logic, restraint and charm, but few people will think 
that ıt ıs the whole story. 

Dr Shapley’s displacement of human hfe from sts... 
once supreme position does not make him a pessi- 
must, for he argues cogently that there must be 
at least a hundred millon planets capable of sup- 
portmg some form of hfe Dr Shapley concludes 
his book with what he calls “a Martian look" mto 
the future He dismisses the prospect of the Earth's 
collision with a star, or of wandermg from its orbit 
and gettmg too near or too far away from the Sun. 
Nor does he envisage a biological calamity wiping 
out the whole human race The real danger ıs man 
himself, who is busy perfectmg the tools for per- 
forming an operation which ıs unlikely to be per- 
formed by natural forces 

“Fish or Homo, that ıs the question | Which 
animal type will most certainly be here 10,000 years 
from now, and which will more likely fall the victim 
of fate and folly ? The answer, of course, is too 
obvious The fish have been here several hundred 
million years, man but a few thousand But 
10,000 years ıs a pretty long time for Homo His 
structure and social manners do not make him a 
good insurance risk ” 

Much humanism 1s a wearmess of the flesh and in 
the makmg of cosmologies there 1s no end, but Dr. 
Shapley avoids these pitfalls and has written a book 
which should stimulate and challenge every intelligent 
reader. W L SUMNER 


ASTROPHYSICS 


Handbuch der Physik 

Herausgegeben von S Flugge Band 50 Astro- 
physik 1 Sternoberflachen-Doppelsterne Pp 
vu+458 (Berlin Springer-Verlag, 1958) 98 DM. 


HIS is the first of the five volumes of the new 

“Handbuch der Physik" which are to be devoted 
to astrophysics  Prehmunary announcements show 
that a wide range of subjects is to be covered, 
excluding solar physics but mcludmg some of the 
most recent developments in other fields However, 
the contributions in this particular volume deal 
mostly with the older parts of astrophysics, based on 
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techniques well established before 1940 But they 
are none the worse for that, mdeed, rb 1s one of the 
weaknesses of present-day astrophysics that m- 
sufficient effort ıs bemg put into basic measurements 
such as are dealt with ın several of these articles , for 
example, stellar masses and radu from visual and 
echpsing bmaries, atomic abundances from stellar 
spectra 

Ch Fehrenbach has given a full account of the 
classification of normal stellar spectra P C Keenan 
has written briefly of stars with pecuhar spectra, in. 
a useful although not comprehensive article which 
contains material not readily cbtamable elsewhere, 
for example, on high-velocity stars P. Swings’s 
contribution on molecular bands in stellar spectra 
deals with a complicated subject in which much 
remains to be done and m which there 1s a scarcity 
of other publications Two useful contributions by 
K Wurm on planetary nebulae are widely separated 
in the book, although intended to complement each 
other I find it difficult to understand why they 
were not united J L Greenstem has written an 
mmportant origmal paper on white dwarf spectra 
which 1s essential reading for anyone workmg m this 
field 

P van de Kamp’s article on visual bmaries 18 to 
be commended It deals with a woefully neglected 
subject on which there 1s no modern text-book 
There follow accounts of echpsmg bmaries by 8S 
Gaposchkm and of spectroscopic binaries by O 
Struve and Su-Shu Huang Eclipsmg binaries are 
usually also spectroscopic binaries , both classes are 
very maportant sources of data for checking theor- 
etical models, but the complications shown by then 
hight curves and spectra have led to speculative ideas 
for which we have as yet no adequate check 

The article by D Barbier 1s virtually a short text- 
book, giving a good systematic exposition of what 
may be called the conventional theory of stellar 
atmospheres and rts very schd achievements 

The articles are m English, French or German 
Each mcludes a brief general bibliography, in some 
cases with short comments Adequate attention has 
been given to other references also The mdex is m 
three parts German with an English translation, 
Enghsh with a German translation, and French only 
for the three articles written m French 

As in every “Handbuch” of this character, the con- 
tributions vary a great dealin merit , the better ones 
are excellent Present mdications are that this 18 to 
be one of the cheaper volumes, although 1ts price is 
more than £8 R O REDMAN 


ELECTRONICS IN BIOLOGY 


Electronic Apparatus for Biological Research 

By P E K Donaldson With contributions by Dr 
J W L Beament, F W Campbell, Dr D W 
Kennard, Dr R D Keynes, Dr K E Machm and 
Dr I A Silver Pp xn+718 (London Butter- 
worths Scientific Publications, New York Academic 
Press, Inc, 1958) 120s , 20 dollars 


O be able to use and interpret correctly the 

results obtained by using electronic apparatus, 
the biologist requires some understanding of elec- 
tronics—a secondary subject which may have httle 
direct appeal to him—and for this reason, a book 
explammg concisely the principles and functions of 
electronic apparatus used m biological research could 
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be of great value The author of the book has had 
the needs of the biologist primarily in mmd and he 
and his associate comtributors, as members of the 
staff of the Department of Physiology at Cam- 
bridge, ought to be well qualified to look after his 
needs 

The book 1s divided mto four parts Part 1, prm- 
ciples of electronics (277 pp ), Part 2, practical use 
of components (48 pp), Part 3, articles by specialist 
contributors on transducers, electrodes, indicators 
and measurement of temperature, hght and radio- 
activity (249 pp), Part 4, complete apparatus 
(127 pp) The first part ıs of standard text-book 
form, with the exclusion of subjects considered to be 
of little mterest to the biologist The treatment 1s 
brief, and in some cases, unfortunately, 1b 1s msuffi- 
cient to permit one to follow apphoeations which are 
given later The section on filters ıs too detailed for 
the reader wishing to be acquamted with, rather than 
fully to understand, the subject On the other hand, 
the appheation of the valve as a switchmg element 
is covered very briefly, and no mention 1$ made of 
the pulse response of networks with reference to 
differentiation and integration The various sources 
of noise are analysed, this chapter bemg particularly 
useful m quoting orders of magnitude The graphs 
here are excellent and self-explanatory but could 
have been more conveniently placed m relation to 
the text, as has been done elsewhere In separating 
the information on batteries m Part 2 from the 
section dealmg with stabilized power supphes, the 
opportunity to discuss them relative merits 1s 
mussed 

There are nme chapters m Part 3 deahng with 
specific subjects, all of which should prove useful to 
anyone concerned with biological mstrumentation 
The theoretical treatment of light sources and 
detectors ıs well done, as also ıs the assay of radio- 
activity, but circuit applications would have ım- 
proved both chapters The articles on electrodes, 
transducers and the use of relay circuits are valuable 
contributions, but that on temperature measurement 
could have been umproved by a recapitulation of the 
physical principles 

The important section of Part 4 dealing with 
apparatus 1s unfortunately condensed into only one- 
sixth of the book Stimulus artefact 1s explained 
very well, as is also the subject of interference, and 
all readers mterested m design would benefit from 
the author's design procedure A chapter on tran- 
sistors gives a useful mtroduction to the principles, 
put an assessment of their possible future in bio- 
logical research would have helped to define their 
umportance 

The book 1s well written, and the practical advice 
given shows that the author writes from experience 
Its value could have been mereased by hnkmg the 
biological specifications to appropriate designs, an 
mportant feature of biological instrumentation The 
failure to achieve this hnkage makes the book of 
rather hmuted value to the engmeer who 1s designing 
apparatus for biologists However, m helpmg to 
satisfy the requirements of the physiologist, the aim 
of the author has been achieved, albeit at a high 
price In the preface the author expresses doubts 
about the suitability of the title, and since the 
emphasis 1s so much on physiological applications, 
the reviewer 1s of the opmion that “Electronic 
Apparatus for Physiological Research” would convey 
more precisely the nature of the subject-matter 

W J PERKINS 
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HISTORY OF TECHNOLOGY 


A History of Technology 

Edited by Charles Singer, E J. Holmyard, A R 
Hall and Trevor I Wilhams Assisted by Y Peel, 
J R Petty and M Reeve Vol 5 The Late Nme- 
teenth Century, c 1850 to c 1900 Pp xxxvin-- 
888 +-44 plates (Oxford Clarendon Press, London 
Oxford University Press, 1958 ) 168s. net 


HIS fifth volume of the “History of Technology", 
covering the approxunate period 1850-1900, 

marks the conclusion of this great work, which traces 
the development of technology from the earliest 
times to the beginning of the present century In 
some fields brief reference is made in the present 
volume to developments that have taken place so 
recently as the years following the Second World War 

The book 1s divided into eight parts The first 
deals with primary production, including the manage- 
ment of food and the development of the metal and 
petroleum industries The second part concerns 
itself with stationary and marme steam engmes and 
the internal combustion engme Part 3 treats of the 
rise of the electrical mdustry , Part 4 of the chemical 
industry Part 5 deals with transport, mcluding rail- 
ways, ships, aircraft, road vehicles, and cartography 
and other aids to navigation Part 6 1s concerned with 
civil engineermg, and covers building materials, 
bridges, tunnels, hydraulic engmeermg and water 
supplies The seventh part discusses manufacturmg 
in general, including textiles, metals, machine tools, 
ceramics, glass, printmg, photography, and rubber 
The last part evaluates technological education and 
the general role of technology and its social con- 
sequences in the modern world 

Each of the chapters is written by a competent 
authority, and the whole volume has been brought 
together and made into a unified work by 1ts prmerpal 
editor, the emunent Dr Charles Singer, and by Dr 
E J Holmyard and two other distinguished co- 
editors 

Although 1t could not be expected that every one 
of the thirty-four chapters would delve with equal 
thoroughness mto the mass of technological history 
behind each subject treated, nevertheless, the whole 
presents a most enlightenmg and valuable summary 
of progress durmg the crucial last half of the nme- 
teenth century For example, two such different 
stories as the development of machmes for the 
generation of electiicity and the discovery of anilme 
dyes are almost breath-taking ın ther implications 
for later pure science as well as for technology 

It 1s certain that many full reviews of this extensive 
and admurable work will be written m Great Britain 
The present American reviewer feels that he should 
devote special attention to the volume as ıt may 
appear to some American eyes First of all, ıt is 
impossible not to be struck by the clarity of exposition 
of the present work It is hard to believe that an 
equal number of American students in this field 
could be found who could write so well It is mdeed 
surprising to find authorities m the highly specialized 
fields of technology who are able to present their 
subjects so lucidly The style of the volume will 
make it attractive even to the layman who 1s con- 
cerned with the full history of our age Anyone who 
is interested in reading present-day political or social 
history will also enjoy the style and the content of 
this volume Here the reader ıs not overwhelmed by 
mathematics or repelled by an unnecessarily tech- 
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nical vocabulary It has been possible for the editors 
to cover the really vast human achievement that 1s 
considered ım this book only by exercising great 
verbal restraint Often a smgle sentence summarizes 
a large development that even m an encyclopedia 
article might have been given a long paragraph For 
example, Josiah Willard Gibbs, considered by some 
to be the man who did most for pure science under- 
lying technology in America durmg this period, is 
described m four words as the formulator of the 
phase rule 

I could not indeed read many pages of this book 
without thmkmg of the fascimatmg problem of 
national differences ın the approach to scientific and 
technological history In recent years the world has 
noted successive Russian claims that very many of 
the great mventions and developments of the past 
really origmated m Russia Similarly, one who walks 
through the Deutsches Museum ın Munich must feel 
that the tens of thousands of earnest young Germans 
who go through its admirable halls each year must 
gain the impression that the full flowermg of the 
mdusirial revolution took place almost alone in 
fertile German soil It is smilarly apparent that the 
present volume quite properly emphasizes British 
science, technological inventions and developments 
This very fact makes the work especially valuable in 
America Many new industrial developments m the 
United States grew out of British begimnings, and 
this volume clearly portrays this essential back- 
ground 

Some day a general treatise on detailed techno- 
logical developments ım the United States will be 
prepared, and when it does appear, ıt will be a 
valuable supplement to the present volume When 
such a treatise is written, 15 will, for example, give 
full emphasis to the material contamed ın the 
volummous publications of such organizations as 
Benjamm Frankln’s still very active, learned 
academy, “The American Philosophical Society, Held 
at Philadelphia for the Promotion of Useful Know- 
ledge", the National Academy of Sciences of the 
United States, and the Smithsonian Institution It 
1s indeed a httle surprising to find no reference m the 
index to these American organizations, which were 
doing so much for world science and technology 
durmg this period, m spite of many references to the 
Royal Society, Royal Institution, and the Science 
Museum, South Kensmgton It 1s quite understand- 
able, however, that the mass of American material 
could not be dealt with in a complete way in the 
present book, which is very properly British m its 
central emphasis 

All five volumes of this great work, nevertheless, 
fill a need long and keenly recognized, especially, it 
may be, on the western side of the Atlantic Amer- 
1cans will long be deeply conscious, therefore, of the 
debt that they owe to the distinguished authors and 
editors of all five volumes of the work The book 
will be read with pleasure and satisfaction by every- 
one in the United States who ıs professionally con- 
cerned with the history of technology and, as already 
suggested, by many others as well In the years 
ahead these volumes will be among the reference 
books most frequently reached for on the working 
shelf of any student who 1s concerned with this area 
of scholarship An expression of gratitude is also 
due to the great Imperial Chemical Industries, Ltd , 
which helped to make possible the preparation of 
these expensive, well-illustrated, and well-prmted 
volumes LEONARD CARMICHAEL 
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THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY, 
PHILADELPHIA 


By Dr R E. BILLINGHAM and 


O msti5ute 1s more deeply rooted m the history 
of American biology and medical science than 

the Wistar Institute of Anatomy and Biology of 
Philadelphia (Fig 1) Its opening in 1894 was made 
possible by the generosity of General Isaac J Wistar, 
a colourful figure m American history—sometime 
farm-worker, trapper, lawyer, company president 
and Union Army general Its primary purpose was 
to house a fine collection of anatomical specimens and 
preparations m. the Hunterian tradition amassed, in 
part, over the years by General Wistar’s great-uncle, 
Prof Caspar Wistar, doctor of medicme of the 
University of Edinburgh, professor of anatomy at the 
University of Pennsylvania, and in 1811 author of 
“System of Anatomy”, the first and for long the 
standard anatomical text in America. The other 
distmguished contributor to this collection was 
Dr W E Horner, who was at one time dissector 
to Wistar and who later occupied the char of 
anatomy 

In addition to its museum, the Institute was 
equipped with laboratories and faeihties to enable 
investigators to study comparative anatomy and 
experimental biology In 1923, a complete printing 
press organization was established on the premises 
so that the Institute could exert more efficient control 
over the well-known journals and publications 
bearmg rts umprint, some datmg from 1908 The 
intensive investigation of the laboratory rat has 
been almost a Wistar prerogative for nearly half a 
century, indeed the albmo rats from 1ts large 
animal colony have probably propagated the name 
of the Wistar Institute throughout the world almost 
as effectively as its Journals 

Probably because of the changing emphasis m 
biological and medical research, the Institute’s 
facilities became no longer adequate to attract those 
investigators who wished to work m the forefront of 
biological science, and its scientific contributions 
declined sadly In 1957, however, the Board of 
Managers appomted Dr Hilary Koprowski, a 
virologist, as director In the ensumg months, 
grants from the Federal Government, private enter- 
prise and personal donations have been spent m 
modernizing the Institute 1n all respects and enlarging 
its scientific staff to its present level of fifty, which 
meludes representatives of seven different nations 

According to its statute book “The Institute will 
be open to any and every searcher for knowledge", 
and at present it has eight graduate research students 
who are enrolled at the University of Pennsylvama, 
which hes immediately across the street and m which 
several members of the staff hold academic appomt- 
ments There are Wistar proZessors of microbiology, 
of research medicme and of zoology, and some 
associate and assistant professors Indeed, the loose 
affiation between the Institute and the University 
of Pennsylvania is ideal fcr both organizations 
According to 1ts deed of trust “the object of the 
laboratories and workrooms and of any lectures or 
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mstruetion to be grven at the Institute shall be for 
the mmprovement and research of postgraduate or 
advanced students and of searchers after new and 
original knowledge, and neither the Institute, its 
premises or property shall be used to replace or 
supersede such elementary mstruction of under- 
graduate students as now does, or hereafter may 
fairly pertam. to the ordmary or necessary curriculum 
of the University" 

To commemorate the recent completion of the 
Institute's re-orgamzation & symposium on “The 
Structure of Science” was held durmg April 17—18, 
and attended by more than five hundred brologists 
The subject of the first session was “National and 
International Research” The opening speaker, Mr 
Francis Boyer, president of Wistar’s Board of Mana- 
gers, stressed the mmportant role still open for small, 
mdependent research mstitutes m contemporary 
science The Hon Laster Hill, United States Senator 
from Alabama, gave an account of the Bill which he 
recently mtroduced ım Congress to create a National 
Institute of International Medical Research, as part 
of the National Institutes of Health This would be 
charged with the support of medical projects sub- 
mitted by competent investigators from any part of 
the world Other speakers were Dr Leroy Burney, 
surgeon general, United States Public Heelth Service, 
who emphasized the extremely liberal conditions 
under which federal grants were made to research 
institutes such as Wistar, and Dr Detlev Bronk, 
president of the Rockefeller Institute and the National 
Academy of Sciences, who spoke of the mportance of 
allowmg mvestigators complete freedom of action m 
a world that 1s constantly clamourmg for direction of 
research Fimally, Dr Tuzo Wilson, professor of 
geophysics, University of Toronto, gave an illustrated 
account of his recent visit to “mamland” Chma and 
Formosa He said that the mainland Chmese were 
the hardest working people he had ever seen If their 
geophysical laboratories are a measure of their 
activity m other disciplines, i6 would not be long 
before they contributed fully to world science 

The following session, subtitled “The Road to 
Knowledge”, was opened by a paper on mathematical 
principles m biology by Dr Nicolas Rashevsky of 
the University of Chicago He said that hitherto 
1t was only m genetics that mathematical biology had 
achieved a defimte predictory and explanatory 
value After outbning the difficulties of attempting 
to apply or develop theoretical biology to explain 
organic form or complexity of organization—analyti- 
eal geometry cannot take mto account such a trivial 
event as a cat changing its posture—he outlmed a 
“principle of optimal design", accordmg to which 
the overall design 1s compatible with the highest 
degree of economy for a given set of physiological 
functions This concept had already been apphed 
successfully to the design of the vascular system 
Dr Rashevsky then discussed the relationships 
between physico-chemical processes underlying super- 
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The building, completely renovated in 1958-59, now houses 


new laboratories and equipment for its staff of fifty scientists 


ficially comparable events in higher and lower organ- 
isms, and argued that despite their greater repertoire, 
the biological processes of higher organisms were 
interpretable in terms of the fewer properties of 
simpler organisms. He predicted that a unicellular 
organism will be found capable of producing anti- 
bodies to some specific antigens. 

Dr. Ludwig von Bertalanffy, Sloan visiting profes- 
sor at the Menninger Clinic Foundation, discussed 
the role of theoretical biology in integrative sciences. 
He stressed the inadequacy of the mechanistic 
approach derived from classical physics, which had 
as its goal the resolution of living things into com- 
ponent parts and processes, by analogy with machines. 
In the new philosophy the organism was no longer 
to be considered as being simply a reactive system, 
answering stimuli of extraneous origin in order to 
re-establish some sort of equilibrium. In Bertalanffy's 
own words, “the problems of organic wholeness, 
organization, teleology, and the like, which were 
taboo in the mechanistic world picture, are now taken 
seriously and approached as legitimate problems for 
scientific inquiry and theory”. 

Dr. Anatol Rapoport, professor of mental health, 
University of Michigan, in a witty and lucid considera- 
tion of the language of science, said that although 
most advanced branches of science had developed 
their own special languages, such as the molecular 
structural symbolism of chemistry, there was still a 


residue of “ordinary” language—its vernacular com- 
ponent. With particular reference to chemistry and 
physics, he argued that the language of science neither 
depended upon an extensive vocabulary nor was 
necessarily devoid of poetry. Key terms in higher 
algebra included ‘group’, ‘ideal’, ‘trace’, and funda- 
mental words in physics were likewise simple—for 
example, ‘field’, ‘orbit’, *nucleus'—yet it was impos- 
sible to explain the meaning of any of these words 
to anyone lacking considerable experience of the 
appropriate kind. In the language of science, very 
simple words were used to denote exceedingly complex 
concepts. Most of the terms in physics were defined 
by mathematical operations, for example, ‘feet per 
second squared’, in contrast to classical terminology 
which was translatable into visual images. This far- 
reaching innovation freed the intellect from depend- 
ence on literal conceptions and mathematical opera- 
tions had largely taken their place. 

Dr. Rapoport denied that the language of science 
was prosaic. It has its own metaphors: the ‘osculat- 
ing curve’ (not an amatory function, but a mathe- 
matical form), the engineer's ‘black box’, the neuro- 
physiologist’s ‘threshold’, and the mathematician’s 
‘primitive’. In conclusion, he brought up a most 
profound question of scientific philosophy—the meta- 
physical underpinnings of the language of science : 
Where was the borderline between knowledge and 
faith ? 
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The last speaker of the session, Dr. Donald H. 
Andrews, B. N. Baker professor of organic chemistry 
in Johns Hopkins University, discussed new relation- 
ships between art and sciences. He developed an 
interesting idea on the analysis of form in terms of 
thermodynamies and entropy on one hand, and 
of information theory on the other. Citing as an 
example an unstruck piano string vibrating with 
overtones set up by its thermal energy, Dr. Andrews 
argued that a statue of marble probably had over- 
tones ‘‘which in the harmonie realm are the exact 
equivalent, homomorphie with the space form". 
If this statue were cooled to within perhaps a 
200,000th of a degree of absolute zero and its heat 
capacity measured and integrated as it was warmed 
very slowly, the entropy term would be obtained 
over the very lowest part of the temperature-range 
and would bear a direct relationship to the shape 
of the statue, based on the longest thermal vibrations, 
with wave-length a function of the shape of the statue. 

In theory it should be possible to transmit 'space- 
form' information defining the statue over a distance 
via radio waves or telephone signals for reproduction 
at an appropriate lathe-assembly. Developing such 
“new concepts of ‘scientific æsthetics’, Dr. Andrews 
eoneluded that perhaps a more faithful algebra of 
form was needed for many of to-day's problems, in 
thermodynamics, in the study of molecules and of 
molecular aggregates. 

The speakers at the third session of the symposium 
concerned themselves with unifying principles in 
their respective fields. 

Prof. P. B. Medawar, professor of zoology, Univer- 
sity College, London, presenzed a critical account of 
the various possible theories which might account 
for the phenomenon of immunological tolerance—the 
specific immunological unresponsiveness induced by 
exposure of very young animals to antigens. After 
making two assumptions: (1) that the maintenance 
of the tolerant state depencs on persistence of the 
antigen, and (2) that any one antibody-forming cell 
d its descendant clone) responds to only one 
tigen at a time, he considered, in turn, a series of 





;. mutually exclusive postulates, for example, that 


“immature antibody-forming cells capable of being 
"made tolerant occurred. (a) only in embryos or very 
“young animals, or (b) in adults as well. He then 
went on to discuss the hypctheses one could arrive 
. at by various combinations of postulates, one of 
which led logically to the view that while some cells 
in the adult became immunized by exposure to 
antigen, others must become tolerant. 

Dr. Francis H. C. Crick, Cavendish Laboratory, 
University of Cambridge, spoke on the structure of 
viruses. He emphasized the multiplicity of factors 
which govern the aggregation or packing of identical 
units into a given space. In the simplest case, spherical 
sub-units are aggregated so as to occupy the smallest 
possible space. Such an array has certain elements 
of eubie symmetry. There are five-fold, three-fold 
and two-fold axes of symmetry. The surfaces of 
many viruses are polygonal with elements of 2-3, 
4-3-2 and 5-3-2 symmetry ; in some of these evidence 
has been obtained of a regular array of sub-units. 
Apparently, the protein parts of many viruses are 
made up of roughly spherical sub-units assembled in 
such a manner as to occupy the least space. 

. Studies on infectious ribonucleic acid isolated from 
tobacco mosaic and certain mammalian viruses 
indicate, according to Dr. Crick, that the ribonucleic 
acid carries, at least in part, the necessary information 
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to determine the amino-acid sequence of the protein 
sheath of the virus particle. However, since there 
are no known viruses consisting of less than 70 
per cent protein, it is unlikely that the viral nucleic 
acid carries sufficient genetic information to determ- 
ine such a large protein shell. The alternative is 
a large number of small symmetrically packed, 
protein sub-units. 

Dr. H. Gobind Khorana, University of British. | 
Columbia, showed how advances in our knowledge of 
organic chemical structures and of organic synthesis 
had contributed to an understanding of biological 
processes. He reviewed some of the important 
accomplishments in protein and peptide chemistry — 
such as the elucidation of the structure of gramicidin 
S and of oxytocic hormones. The determination 
of the total sequence of structural units in adreno- 
corticotrophie hormones and other biologically active | 
materials should soon extend to the sequence in. 
larger molecules such as ribonucleases. : 

Turning to research on intermediary metabolism, 
Dr. Khorana discussed the organic chemistry of. 
phosphate esters, with particular emphasis on 
nucleotide co-enzymes, mentioning his own important 
work on the synthesis of co-enzyme A. He said that 
despite the underlying similarity in the structure of . 
nucleotide co-enzymes, it was at present inexplicable 
and rather exciting that their specificity depends 
upon the nucleosides that they carry. ; 

On another topic, the sequential analysis of nucleic 
acids, he emphasized the present need for research; | 
He described the chemical synthesis of a number of - 
oligonucleotides that would be useful in developing _ 
enzymatic degradation methods for structural analysis 
of nucleic acids. One problem which confronted us 
to-day, he concluded, was to match the sequential ' 
analyses of nucleic acids with similar analyses of 
amino-acids in proteins and polypeptides. ; 

A lucid discussion of the mechanism of gene-aetion | 
was presented by Dr. John R. Preer, University of 
Pennsylvania. He said that genes act by influencing - 
the properties of proteins, probably because they- 
are the determinant forms of the templates (usually 
held to be of ribonucleic acid nature) which direet - 
protein synthesis. He felt that the original Beadle 
hypothesis of one gene:one enzyme should be 
extended to include protein and template, so that one | 
would have one gene: one template: one protein. . ^. 

The many different strain-specific ciliary proteins . 
of Paramecium are particularly advantageous mater- 
ials for the study of gene-protein relations, Many 
different loci with multiple alleles are involved in 
the determination of these proteins. Genes at only . 
a single locus affect each type of protein, and a locus 
determining one type of protein is without effect 
on any other locus. This complex situation is 
explicable on the template hypothesis. Studies on the 
genetic determination of different types of hemo- 
globin in man, which usually differ with respect to à 
single amino-acid, had furnished beautiful support for 
gene-amino-aeid determination. Me 

Dr. George Klein, Karolinska Institutet, Stock- 
holm, gave a lucid analysis of the evolution of tumour 
cell populations. The change from a normal to à .— 
malignant cell was usually the result of a series of . 
successive qualitative steps, known as tumour 
progression. The various unit characteristics of 
tumours such as growth-rate, sensitivity to drugs, 
invasiveness, etc., did not all change together during 
progression, but re-assorted independently so that 
each tumour appeared. to undergo an evolution of its: 
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own, differing from other tumours on a combinatorial 
basis The postulated unit characters were probably 
not interrelated, but were determmed by different 
cellular mechanisms 

Dr Klem discussed three of the many concervable 
mechanisms which might account for progression 
(1) the selection, by mtrinsic or extrinsic factors, of 
new variant cell types differmg from the original type 
with respect to one or more unit characters , (2) the 
loss of ability of cells to respond to homeostatic 
forces of the organism , and (3) automatic changes m 
cell population characteristics which might occur 
merely by virtue of an increase m the population and 
did not depend on cellular change — Like Lederberg, 
he felt that analysis of the mechanisms of progression 
should be modelled on techniques derived from 
microbial genetics 

The closmg session. of the symposium was devoted 
to papers presented by members of the scientific 
staff of the Wistar Institute 

Dr. Hilary Koprowski, director of the Institute, 
spoke of the staff as a group of mdependent thmkers 
of widely different backgrounds who approached their 
scientific problems imn individuahstic ways but worked 
together through an “intercommunicating system” 
The main object of research at the Wistar Institute, 
he said, was the study of cellular biology, or perhaps 
more accurately, “‘the study of the biological micro- 
and macro-cosmos and the attempt to bridge the 
gap between the two" He enlarged on this concept, 
saying that staff members were making quantitative 
studies at the cellular level and were attempting the 
difficult and hazardous task of applymg knowledge 
about the cell to studies of the whole organism 

Dr Angus F Graham discussed general aspects of 
cell-virus relationships and the methodology of their 
analyses He had been developmg an «n vitro virus- 
mammalian cell system ın fluid suspension, by means 
of which 1$ might be possible to mvestigate quantita- 
tive aspects of virus infection m a manner analogous 
to studies with the classic phage-bacteria system 

Dr Eberhard Wecker presented evidence that the 
infectious ribonucleic acid which he extracted by 
the usual phenol technique at 4° C from cells infected 
by eastern equine encephalomyelitis or western 
equine encephalomyelitis was not derived from the 
virus elementary bodies themselves but from a virus 
precursor which appeared m the mfected cells before 
the mature virus particles Although lipid-contammg 
mature virus particles did not yield mfectious ribo- 
nucleic acid on treatment with phenol at 4? C, Dr 
Wecker reported a successful extraction at higher 
temperatures (40-50°C ) He concluded by indicating 
how ability to distmguish between the precursor of 
ribonucleic acid and the acid itself from mature 
virus particles might lead to a better understanding 
of the biosynthesis of viruses within cells 

Continuing the discussion of vira] nucleic acids, Dr 
John S Colter outlmed studies made in collaboration 
with Dr Kay Elem By a modification of the classic 
Gierer and Schramm phenol extraction technique for 
ribonucleic acid, m which cells were disrupted m 
solutions of high instead of physiological ionic 
strength, the deoxyribonucleic acid was extracted 
in the aqueous phase, while the bulk of the ribo- 
nucleic acid was eliminated into the phenol phase 
The final product was free from protem and ribo- 
nucleic acid, and the yield was quantitative 

By addmg sodium desoxycholate, the recovery of 
infectious ribonueleie acid by Guerer and Sehramm's 
phenol extraction method from Ehrlich ascites cells 
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infected with Mengo or West Nile viruses was greatly 
improved—possibly even five-fold A collateral study 
of the ribonucleases of normal and malignant murme 
tissues implicated the pancreas as the source of the 
enzyme Because of the existence of a ribonuclease 
inhibitor the pattern of ribonuclease activity of ascites 
tumour cells differed markedly from that of a normal 
tissue The possible role of the magnesium ion as 
an inactivator of ribonuclease activity was discussed 

Dr Raymond A Brown outlmed the biophysical 
properties of the preparations of deoxyribonucleic acid 
isolated by Dr Colter’s new method The molecular 
weight was four to five million, and 1ts sedimentation 
constant and intrinsic viscosity values were lower 
than those usually quoted for deoxyribonucleic 
acid 

His own electron microscope studies led Dr Brown 
to consider cellular ribonucleic acid to be made up of 
two types of molecules, both 42-43 A ın diameter 
but differmg m length. There was suggestive evid- 
ence of a periodicity m the location of the phosphate 
groups along the axis of the rod Each rod probably 
consisted of a tightly coiled smgle polynucleotide 
cham. At low ionic strength, the molecule un- 
coiled 

Dr Vittorio Defendi diseussed the virus-host cell 
relationships of two tumour-inducing viruses. the 
RPL-12 vius of the lymphomatosis tumour of 
chickens and the polyoma virus m hamsters. Hoe 
described the necrotic and proliferative lesions of 
RPL-12 virus infection in tissue cultures, m chick 
embryos and m hatched chicks, emphasizing particu- 
larly the derangement of deoxyribonucleic acid 
metabolism which occurred during the infection 

He then outhned his findings on the pathogenesis 
of tumours arising m Syrian hamsters followmg their 
moculation at birth with polyoma (parotid gland) 
virus All the tumours were of identical histological 
type regardless of their location Prelamumary analysis 
of the infectabihty of newborn hamsters with the virus 
suggested that mmmunologieal tolerance 1s involved 
For example, inoculation of newborn animals with 
the virus along with isologous adult lymphoid cells 
resulted m a greatly decreased proportion of tumour- 
bearmg hamsters, and there was an amelioration of the 
course of the malignant disease m the mmority of 
animals in which tumours did appear 

Drs Rupert E Billingham and Willys K Silvers 
described their studies on the tissue transplantation 
antigen determined by a locus on the Y chromosome 
in male mice This antigen was responsible for the 
rejection of male skm isografts by females in many 
inbred strams Female mice of the C57 stram could 
be made tolerant of subsequent male isografts by 
inoculation with male cells as late as 17 days after 
beth, and tolerance 1n females could also be mduced 
by means of cell-free antigenic extracts prepared 
from isogenic male tissues. Employing the prmeiple 
of ummunological tolerance they were able to show 
that all male mice, irrespective of their genetic 
constitution, possessed exactly the same Y chromo- 
some antigen This conclusion followed from the 
finding that C57 females mjected at birth with cells 
from males of any other stram are invariably made 
tolerant of male skin isografts A Y-chromosome 
antigen was also present in male rats, which pre- 
limmary results mdicated was exactly the same as m 
the mouse 

Coneludmg the symposium, Prof Sven Gard, 
Karohnska Institutet, Stockholm, and visitmg 
member of the Wistar Institute (1958-59), gave 
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warning against the general tendency to ove1-estimate 
the potentialities of pure biochemistry The activities 
of a living cell as seen under the microscope immed1- 
ately dispelled any idea that ıt might be regarded as 
a bag of enzymes The fine structure of the cell 
with its mnumerable surfaces and membranes offered 
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a clue to the fundamental question’ "Why and how 
do reactions occur in the iight place at the night 
time ?" The multzplicity of interests disclosed by the 
staff members of the Wistar Institute, and rts strong 
tradition for morphology should guarantee concentric 
attacks on essential biological problems 


THE AUSTRALIAN ACADEMY OF SCIENCE 


N May 6, the Governor-General of Australia, 
Field-Marshal Sir Wilham Slm, opened the 

new building which houses the offices and conference 
chamber of the Austrahan Academy of Science 
The establishment of the Academy was mitiated by a 
group of Fellows of the Royal Society of London 
resident m Australia (Nature, 170, 549, 1952) 
With the help of other Australian. scientific leaders, 
they set up a body which received a Royal Charter 
personally from Her Majesty Queen Elizabeth II 
during her Australian tour m 1954 

The Australian Academy of Science 1s the repre- 
sentative body of Australian scientists at the national 
level, with functions comparable with those of the 
Royal Society of London, which was itself represented 
at the opening, on May 6, by its senior vice-president, 
Sir Lindor Brown The fellowship of the Academy 
now numbers eighty-seven and up to six new Fellows 
are elected each year The president of the Academy 
since 1957 has been Sir John Eccles, professor of 
physiology m the Austrahan National University, 
Canberra, his predecessor was Sir Mark Oliphant, 
director of the Research School of Physics m the 
National University 

In outinmg the history of the Academy, Sw John 
Eccles said that the need for a national scientific 
body of the highest standing led ın 1919 to the forma- 
tion of the Australian National Research Council, 
and thanks to the devoted efforts of 1ts leaders, the 
Council gave most valuable service to Austraha 
Yet ıt would be generally agreed that ıt had failed 
to achieve the status that was required of a national 
body with such weighty responsibilities Various 
efforts at mternal reforms of the Council proved to be 
mmpracticable and a more radical proposal emerged 
from a conference on ‘‘Science 1n. Australia" organized 
by the Austrahan National University m 1951 
At this conference and in the subsequent discussions 
there was a fairly general agreement that an Academy 
of Science with much more restricted membership 
should replace the National Research Council The 
Council’s executive with great magnanimity agreed 
to its dissolution m order to make way for the new 
Academy This was a fine act of self-sacrifice made in 
the belief that the new Academy would be better 
fitted to give leadership m the scientific development 
of Austraha 

The new Academy chose to model itself closely on 
the Royal Society of London, so taking advantage 
of three centuries of wisdom The Academy ıs also 
especially indebted to the Royal Society for help in 
its petitionmg for the Royal Charter, and for the 
gift of a magnificent Signature Book that 1s a replica 
of the original Signature Book of the Royal Society 

From the very beginning ıt has been of prime 
importance to ensure that the nighest standards were 
maintained im the election to the fellowship, and that 
it was truly representative of all aspects of pure and 


applied science It could be claimed that it has 
retained the confidence of the general body of 
scientists m Austraha 

The functions of the Academy are both national 
and mternational At the national level there are 
certam. general responsibilities in the fostermg of 
science and m its publication However, 16 1s at the 
international level that the Academy has its principal 
opportunities and functions First, ib is the body 
representing Australa at all the international 
scientific unions as well as at the Pacrfic Science 
Congress and the Pan Indian Ocean Congress 
Secondly, 1t undertakes international scientific tasks 
for Austraha The most notable has been the 
International Geophysical Year, the Academy bemg 
responsible for Australia’s fine contribution From 
the International Geophysical Year there have 
developed further important imternational activities 
in which agam the Academy represents Austraha 
The Special Committee for Antarctic Research and 
the Committee for Space Research are of vital mter- 
est to Austraha, and both have achieved a high status 
The third meetmg of the Special Committee for 
Antarctic Research was held m Canberra this year 
and was generally agreed to be very successful 
Among other achievements was the mauguration of 
the International Antarctic Analysis Centre as an 
annex to the Bureau of Meteorology m Melbourne 
Other ternational actrvities are the organization of 
speciahst international scientific meetmgs im Aus- 
tralia In August a specialist biochemical meeting 
on hematm enzymes was held at the Academy 
It 1s a field m which Australia holds a high place, and 
many of the leaders ın other countries went to 
Australia for the conference Next year the Academy 
is arranging for an international conference on the 
chemistry of natural products, which will be held in 
Melbourne, Sydney and Canberra 

In all these national and international activities 
the Academy can count on the devoted service not 
only of its own fellowship but also of the other 
scientists of Australia The aim 1s to select the 
scientists best fitted for these special purposes 
regardless of their affihation with the Academy 
On the Standmg and National Committees of the 
Academy the Fellows are outnumbered, and often 
scientasts who are not Fellows hold key positions 

There will be no relaxation of labour now that a 
centre for science has been established in Australa 
It has fine symbolism with its geometrical form and 
its great restraint of lne and décor The Academy 
can now and in the future radiate its mfluence over 
Australa and the world and receive from the world 
for Australa But every end ıs a new begmning , 
and the Academy ıs now planning to become as well 
a channel for benefactions for scientific purposes 
and so to exert 1ts fluence not only through expert 
committees and individually by its Fellows but also 
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Fig. 1. New Building of the Australian Academy of Science, in Gordon Street, Canberra 


by providing the finance for research projects. Bene- 
factors would be secure in the knowledge that their 
contributions were being administered by the collec- 
tive scientific wisdom of the Academy, rather than by 
the authority of any one scientist, however eminent. 

The copper-sheathed dome of the new Academy 
building (Fig. 1), rising from the waters of a surround- 
ing moat, is backed by the rolling bronze-green hills 
of Australia’s national capital, Canberra. Beneath 
the dome is a central conference chamber, with 
luxurious seating for 190 and comfortable seating 
for a further 100, and a ring of offices, council room, 
and a superb reception room which overlooks an 
expanse which will within a few years be part of the 
central lake-system of Canberra. The conference 
chamber will be the venue of the annual meetings 
of the Academy itself, and will be extensively used 
for meetings of Australian scientific and professional 
societies, as well as for such international symposia 
as may be held in Australia. 


The national responsibilities of the Academy 
receive material recognition from the Commonwealth 
Government in the form of an annual grant towards 
current expenses. The Academy, however, remains 
autonomous, and indeed the value of its services is 
derived very largely from its autonomy. It is too 
young a body to have achieved financial self-suffici- 
ency through endowments ; but the erection of the 
conference chamber and offices has been made 
possible entirely because of generous contributions 
to the Academy building fund by Australia’s great 
industrial firms. To these firms, to the architects, 
and to the vision and energy of the members of its 
early Councils, the Australian Academy of Science, 
and Australia, owe a debt of gratitude; for they 
have created one of the most striking and im- 
portant structures in Canberra, and they have 
provided the Academy with a home of its own 
which is modern, dignified, and of the highest 
quality. 


MERLIN; AN INDUSTRIAL RESEARCH REACTOR 
By Dr. T. E. ALLIBONE, F.R.S. 


Research Laboratory, Associated Electrical Industries, Ltd., Aldermaston Court, Berkshire 


HE Merlin research reactor is situated at the 
Research Laboratory of Associated Electrical 
Industries, Ltd., at Aldermaston Court in Berkshire. 
It was made critical for the first time on July 16, 1959. 
The decision to install a reactor for fundamental 
research at Aldermaston was taken in 1955 and the 
Associated Electrical Industries—John Thompson 
Nuclear Energy Co. undertook to supply it. The 
nuclear physics aspects of the reactor and the design 
of the contro] system have been the responsibility of 
the Associated Electrical Industries Research 


Laboratory ; the mechanical engineering design, the 
erection and the commissioning of the equipment up 
to the stage of loading fuel into the reactor have 
been the responsibility of Associated Electrical 
Industries-John Thompson. Loading of fuel began 
on July 6 by the staff of the Laboratory, who 
are now engaged on the proving trials of the 
reactor. These trials, which involve thermal, mech- 
anical, electrical and physical measurements, will 
extend into 1960, while the reactor power is gradually 
increased to à maximum of 5 MW. 


B.A.12 


The original design of the reactor was for a 
maximum thermal power of 1 MW. However, the 
shortage of test facilities in research reactors in the 
United Kingdom was impressed upon Associated 
Electrical Industries, Ltd., by the Atomic Energy 
Authority, and inquiries from overseas indieated that 
a 5 MW. reactor was a more likely export, so the 
design was altered to achieve a power of 5 MW. 
type which is characterized by à large maximum fast 
Merlin is of the light-water- cooled and moderated 
(> 1 MeV.) neutron flux per unit of power. The 


maximum unperturbed fast flux with 3:4 kgm. of 


uranium-235 in the core is 6 x 10'?/ecm.*/s.; the aver- 
age fast flux in the nuclear power reactors being built 
for the Central Electricity Generating Board is about 
l0!2/em.?/s. Because it is the fast neutrons which 
contribute a large portion of any irradiation damage 
to materials in a reactor, it should be possible to 
carry out life tests on materials subject to radiation 
in power reactors. It is believed, therefore, that 
Merlin will be a very useful addition to the research 
and testing reactors in the United Kingdom. 

A view of the reactor as seen from the experimental 
floor is shown in Fig. 1. The reactor has been 
described in detail elsewhere! ; it is of the pool type, 
using fuel highly enriched in uranium-235 suspended 
in a tank of light water. The minimum cold, un- 
poisoned critical mass of the reactor has been shown 


in subcritical experiments to be about 2-6 kgm. of 


uranium-2352, from which the mass of uranium-235 
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required to provide a reactivity of 0-055 is cal- 
culated to be about 3:4 kgm. With a beryllia 
roflector, 3 in. thick, added around the vertical sides 
of the core the corresponding masses of uranium-235 
are estimated to be 2:18 kgm. and 2-87 kgm., 
respectively. The maximum reactivity of the core 
has been limited to 0-055 for safety reasons. The maxi- 
mum unperturbed thermal neutron flux with 3-4 kgm. 
of uranium-235 in the core is 5 x 10'5/em.*/s.; the aver- 
age thermal flux in the Central Electricity Generating 
Board power reactors is about 2 10'?/em.?/s. 

The reactor is unusual in that the core can be 
moved vertically to four positions. 'The top position 
permits the addition or withdrawal of fuel or experi- 
mental apparatus from the core; the moving core 
structure can be seen in Fig. 1 as it appears from the 
top floor of the reactor building when the core is in 
its highest position. At two lower positions the core 
is in the plane of sets of experimental facilities, which 
can be seen in Fig. 2. The lowest position is for 
storage of the core and is so arranged that the 
possibility of loss of coolant from the tank in this 
region is negligible. 

The area oceupied by the reactor and its associated 
buildings is close to Aldermaston Lake. The large 
building contains the reactor and the main experi- 
mental area, the reactor control room, the fission- 
product detector and the ventilation plant for the 
building. Nearer the lake is the primary coolant 
pump house, the secondary coolant pump house, à 











Fig. 1. 
on the lattice plate. 


A view into the reactor tank with the core lattice plate at its highest position. 


to |; ; ) Four fuel elements can be seen in position 
The rectangular containers, in the foreground, are for temporary storage of active fuel elements 
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laboratory for " sub-critical studies 
of the reactor core, an effluent plant 
for processing liquid effluent by fil- 
tration and ion-exchange before dis- 
posal and a personnel change room 
for use when entering and leaving 
the area in which contamination 
might occur. Four further small 
laboratories and offices are between 
the reactor and the lake. Twenty 
fixed radiation monitors are situ- 
ated at positions throughout the 
buildings and in the effluent dis- 
charge system, and a further four 
monitors are situated approximately 
symmetrically around the reactor, 
at a distance of several hundred 
yards, to provide a warning of any 
undue release of airborne radio- 
activity. 

The proposed research programme 
for Merlin covers both the funda- 
mental and applied aspects of re- 
actor research. Fundamental re- 
search being planned includes: the 
provision of nuclear data, the effects 
of radiation on materials, a study 
of Cerenkov radiation in reactors, 
and methods of measuring neutron 
spectra. The applied aspects of 
the research, which will certainly 
involve some fundamental work also, 
include: activation analysis, reactor 
control and safety studies, and the 
production of short-lived radioactive 
isotopes. 

The Universities of Birmingham, 
London, Oxford, Reading and South- 
ampton have been invited to con- 
sider how they might best use the 
reactor for the instruction of senior 
undergraduate and postgraduate stu- 
dents. Members of several university departments 
and of large polytechnics have spent several weeks 
with the reactor team, and during this summer a 
number of postgraduate students from the univer- 
sities will be working in the laboratory on some 
research project associated with Merlin. University 
departments have been invited to arrange brief visits 
to the reactor for final-year students in physies, 
metallurgy and engineering, and longer visits for 
postgraduate students. 

Dr. A. J. Salmon is the section leader in chargo of 
the project, and the detailed work in the physics, 
electrical and mechanical engineering of the reactor 


NEWS an 


Sir Owen Wansbrough-Jones, K.B.E., C.B. 


AT the end of September, Sir Owen Wansbrough- 
Jones is resigning from the position of chief scientist 
to the Minister of Supply. After taking his Ph.D. 
in the Department of Colloid Science at Cambridge, 
he spent some time with Hahn in Berlin. He returned 
to Cambridge both to his old department and to his 
college, Trinity Hall. There were excellent prospects 
of a brilliant academic career before him but, just 
as with his brother, he felt the call to the Army. 
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Fig. 2. The reactor and its experimental facilities as seen from the experimental floor 


has been the responsibility of Dr. K. Firth, Mr. B. 
Millar and Mr. I. Munro, respectively. The Reactor 
Section, together with the Thermonuclear and 
Nuclear Physics Section, constitute the Nuclear 
Sciences Group led by Mr. D. R. Chick, who is 
also responsible for the overall safety from nuclear 
hazards. Mr. J. N. Barnett, the Laboratory super- 
vising engineer, has been responsible for the lay-out 
of this site, with Messrs. Atkins and Partners acting 
as consultants. ds 
1 w ., Ani 
^" Salmón, A. J., etes Conference Paper NO. SS C1368), 

D Ur dede) K., Kerridge, M., and Salmon, A. J., Nature, 


* Chick 
18i 
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He succeeded Sir Charles Ellis as scientific adviser 
to the Army Council. It has been said that the 
number of civilians who can understand the Army 
can be counted on the fingers of one hand. Wans- 
brough was certainly one of them. After some years 
of close contact with the Army Staff, he realized 
that he would serve them best by doing his utmost 
to ensure that the Army gained the weapons that 
they needed and he consequently meved over to the 
Ministry of Supply. During Wansbrough-Jones's 
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period of office there has been a notable growth of the 
scientific spirit in the Minister's establishments. 
Under his stimulus the research and development 
work earried out in the Ministry has proved ex- 
ceptionally fruitful, and is probably better in spite 
of national economie conditions than anything like 
it in the world. His colleagues will miss him greatly 
in his retirement. 


The U.S. National Radio Astronomy Observatory : 
Prof. Otto Struve, For.Mem.R.S. 


Phor. Orro Sr&uvEk has been appointed the first 
director of the National Radio Astronomy Observa- 
tory, Green Bank, West Virginia. The Observatory 
is being constructed and will be operated by Associ- 
ated Universities, Inc., under contract to the National 
Science Foundation. Prof. Struve is at present 
professor of astronomy in the University of California 
and has been director of the Leuschner Observatory 
since 1950. He assumed his duties on July 1. An 
astronomer of international reputation, he has pub- 
lished approximately a thousand papers concerned 
with the problems of stellar spectra and other aspects 
of astrophysics. Although his principal scientific 
interest has been his important research on the 
properties of variable stars, his interests have extended 
more generally over the whole field of astronomy. 

The National Radio Astronomy Observatory has 
been designed to supplement facilities available to 
research scientists of the universities by making 
available large and precise radio telescopes not 
hitherto available to American astronomers. Among 
these new instruments are the 85-ft. Howard E. 
^Jfatel precision radio telescope recently put into 


^ operation, the 140-ft. radio telescope now under con- 


struction, and a variety of auxiliary devices for radio 
astronomy. The Observatory is operated by a small 

: permanent staff in co-operation with an increasing 
number of visiting scientists from various parts of 
the world. 


1964 Olympic Games : Prof. Ryotaro Azuma 
wr Tuar the 1964 Olympic Games are to be held in 

“Tokyo is largely due to the efforts of Ryotaro Azuma, 
‘formerly professor of pharmacology in the University 
of Tokyo, who was recently elected governor of Tokyo. 


Agama, a distinguished member of the Japanese 


“scientific community, has always encouraged the 
“Olympie ideal of friendship and sportsmanship in 
` international relations. He is a keen sportsman 
himself—he has rowed for the University of Tokyo; 
= he also introduced the ‘shell’ to Japan from Britain, 
“where he studied at University College, London, 
during 1922-24. Azuma is a member of the Inter- 
"national Olympie Committee and in 1947 he was 
-asked to head the Japan Athletic Federation. He 


played. an important part in organizing the Asian 


Games which were held in Tokyo in 1958. Under 
bis leadership sports for enjoyment, as opposed to 
sports as a form of regimentation, have had an 
"jmmense success in Japan. Azuma sees à very close 
eonnexion between sport and Japan's post-war 
eonstitution renouncing militarism ; but in his own 
words: “We must still educate the younger genera- 
tion that it is not a disgrace to lose if you do your 
best". 

` Overseas Research Council 


Tue Overseas Research Council promised at the 
Commonwealth Trade and Economic Conference 
at Montreal last September has now been estab- 
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lished. In a statement in the House of Lords, 
Lord Hailsham said that the Council, of which 
Dr. R. S. Aitken will be chairman, will provide a 
central point to which Commonwealth Governments 
and research institutions ean refer for advice and .. 
information, and it will advise generally on United ` 
Kingdom co-operation in scientific research overseas. 
There are no geographical restrictions in the Council's 
terms of reference, and matters concerning scientific : 
development in Colonial territories, in Common- 
wealth countries and in countries outside the Com- © 
monwealth, can equally be referred to it. Moreover, |. 
in promoting such development Lord Hailsham said 
the Council could look to possible collaboration 
between Great Britain and other Commonwealth 
countries, countries outside the Commonwealth, such ^. 
as the United States, and international agencies, such 
as those of the United Nations and the charitable 
foundations. Asked whether the members would 
be paid, Lord Hailsham said he would require notice 
before replying in detail but he believed certain officers ©- 
might be paid. There would be a certain amount of : 
travelling and the members of the Council had been 
selected largely for their knowledge of overseas 
territories and connexions with science in them. P 
The other members of the Council are: Sir Jock’ 
Campbell, Sir Charles Dodds, Sir Harold Himsworth, 
Sir Joseph Hutchinson, Dr. R. Lewthwaite, Prof. J. 
McMichael, Sir Harry Melville, Mr. E. D. W. Nye, 
Sir Arnold Plant, Sir William Slater, Dr. H. Goe 
Thornton and Sir Solly Zuckerman. The Council. 
will advise the Privy Council Committee on Overseas | 
Research, which consists of the Lord President of the 
Council and the Secretaries of State for Common- __ 
wealth Relations, the Colonies and Foreign Affairs. Its 
terms of reference comprise advice on the formulation > 
of United Kingdom policy in respect (a) of scientific = 
research undertaken in or for overseas territories. 
within or without the Commonwealth, (b) of methods __ 
of making the results of research available in these — 
territories, and (e) of assistance to the scientific. . 
services of these territories; on the co-ordination 
of the activities of United Kingdom Government 
organizations in the development of science in the 
civil sphere in overseas territories ; and on co-opera- 
tion within the Commonwealth, with other countries — 
and with international agencies in promoting such > 
development. E 





National Institute for Research in Nuclear Science 
CowTRACTS for more than £430,000 have been | 
placed by the National Institute for Research in — 
Nuclear Science for the manufacture of the magnet __ 
coils required to energize the 7,000-ton electromagnet. 
of the 7,000-MeV. proton synchrotron. This machine 
which has been named Nimrod, is being built for 
the Institute by the United Kingdom Atomic Energy 
Authority at the Rutherford High Energy Labora- 
tory, Harwell. Contracts have been awarded to: 
British Copper Refiners, Ltd., of Prescot, Lances., for > 
the supply of more than 300 tons of refined copper — 
(from which the coils are to be made), in the form 
of cast billets; to James Booth and Co., Ltd., of 
Birmingham for extrusion of the cast copper into | 
hollow rectangular bars ; and to Metropolitan-Vickers P 
Electrical Co., Ltd., of Manchester, for the manu- . 
facture of the finished coils from the extruded bars. . 
The Institute has also awarded a substantial con- : 
tract to Marston Excelsior, Ltd., of Wolverhampton, © - 
for the development and supply of the reinforced. — 
plastic vacuum chamber in which the protons are | 
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accelerated This chamber will be one of the largest 
plastic structures ever made 
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Extension to the Chester Beatty Research Institute 


Ox July 16, Sir Chester Beatty laid the foundation 
stone of an extension to the Chester Beatty Research 
Institute The cost of the extension (£200,000), 
which will double the existing accommodation, 1s 
bemg defrayed from a trust fund derrvmg from the 
charitable publie, and administered for the benefit 
of the Institute by the Board of Governors of the 
Royal Marsden Hospital A contribution of £40,000 
has also been made by the Wellcome Trust, in 
respect of which the extension will include a Wellcome 
Laboratory of Pharmacology and Expermental 
Chemotherapy The Research Institute of the then 
Cancer Hospital, established ın 1909-10 and opened 
m 1911 by HRH the Duke of Connaught, was 
directed successively by the late Dr Alexander 
Pame, Dr Archibald Leith and Sir Ernest Kennaway 
In 1938, Sir Chester Beatty (who was then president 
of the Hosprtal) bought, equipped and presented the 
existmg buildmg, which thenceforth became the 
Chester Beatty Research Institute The Institute is 
now part of the Institute of Cancer Research Royal 
Cancer Hospital, which m turn is a school of the 
University of London, and an institute of the British 
Postgraduate Medical Federation The Institute 
obtains its mam support from the Medical Research 
Council and the British Empire Cancer Campaign, 
and donations and legacies are received from the 
public Generous help has also been given by the 
US Puble Health Service and other American 
sources such as the Jane Coffin Childs Memorial Fund 
for Medical Research and the Anna Fuller Fund of 
New Haven, and the Rosenstiel Foundation of New 
York City The new building, of which the architects 
are Messrs Lanchester and Lodge, will be formally 
opened m 1960, when the Institute celebrates its 
jubilee year 


First Atomic Merchant Ship 


THE special illustrated supplement to the June 20 
issue of Atoms for Peace Digest 1s devoted to a detailed 
deseription of the NS Savannah, the world’s first 
atomic merchant ship, which was launched by Mrs 
Eisenhower on July 21, at the New York Ship- 
building Company's Yard ın Camden, NJ The 
Savannah, a jomt project of the US. Maritime 
Administration and the Atomic Energy Commission, 
has been built mainly to promote the peaceful uses 
of atomic energy and will not be commercially com- 
petitive The vessel is named after the S S Savannah, 
the first steam ship to cross the Atlantic, which 
started her voyage from Savannah, Georgia, to 
Liverpool on May 22, 1819, and is a combination 
passenger—cargo vessel, 595 ft long, with a beam of 
78 ft She can carry 9,500 tons of cargo and accom- 
modate 60 passengers, and will be manned by a 
crew of about 100 Her speed is estimated at 20} 
knots The Savannah's reactor consists of a system 
of advanced design usmg pressurized water as a 
coolant and moderator, and fuel elements with about 
4 per cent uranium-235 enrichment The active 
core, which ıs 66 in. high and 62 ın mean diameter, 
contains the fissile material—7,050 kgm of uranium 
oxide ın 32 fuel rods, clad in stainless steel There 18 a 
surrounding pressure vessel, primary shield, contam- 
ing vessel and secondary shield, of 2,500 tons total 
gross weight The reactor will supply 74 MW of 
heat, providing sufficient power for the vessel to 
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operate for about three years and to sail 300,000 naut- 
ical miles without refuellmg Ic 1s bemg built by 
Babcock and Wilcox at Lynchburg m Virgima at 
a cost of about ten millon dollars The total cost of 
the ship will be about 40 millon dollars 


Labour Statistics 


Tux Interdepartmental Committee on Social and 
Economic Research has recently issued a revised 
version of rts guide to the statistics collected by the 
Ministry of Labour and National Service (Guides to 
Official Sources No 1, Labour Statistics HM 
Stationery Office, London, 1959 5s) The oppor- 
tunity has been taken to brmg the material ın the 
original edition up to date and to include a historical 
section, showing the development of labour statistics 
in Britam since the end of the nmeteenth century 
The topics covered include statistics of employment, 
unemployment, placings and vacancies, miscellaneous 
man-power statistics, wage rates, earnings and actual 
hours worked, strikes and mdustrial disputes, mdus- 
trial accidents, the cost of living, retail prices and 
family budgets Each of the sections 18 followed by 
a comprehensive bibliography of official sources 


World Distribution of Atmospheric Water Vapour 
Pressure 


Tse Meteorological Office ıs much more than a 
forecasting stitution It ıs the public repository of 
knowledge regarding the weather, and among its 
many functions 1s the provision of data on a world- 
wide scale for a variety of users ‘World Distribution 
of Atmospheric Water Vapour Pressure", by G A 
Tunnell (Geophysical Memoms, No 100 Pp 1+61. 
MO. 584h London HM Stationery Office, 1958 
10s net) 1s an atlas of the distribution over the whole 
world of the daily mean of atmospheric water vapour 
pressure for the months January, April, July and 
October, based on records from 3,500 stations There 
follows a brief survey of the world distribution of 
diurnal variation of vapour pressure in different 
climates Information concernng atmospheric 
humidity m all parts of the world 1s thus available ın 
compact form for mdustrialists and others who may 
require ıt Mapping ıs done by means of isopleths 
In common with all such maps, the distributions so 
revealed have many interesting features not always 
readily explamed For example, takmg account of 
the characteristics of Russia, 1s the breadth of the 
patch of higher vapour pressure shown both m 
January and July near Kazan real ? The midsummer 
variations in the mean vapour pressure over South 
Australia are also noteworthy An agreeable pub- 
lication, clearly printed, informative, and stimulating 
im respect of the distribution shown; the policy of 
the Meteorological Office m produemg such memoirs 
will be widely welcomed 


The Customs and Religion of the Ch'iang 


Tae Chiang mhabıt a mountamous region in 
Szechwan ın western China and grow maize as 
the mam crop They speak a Burmese—Tibetan 
language and are said to have formerly lived in 
north-eastern China For some time past, however, 
they have been losing their own culture and adopting 
that of the Chinese, with whom they were earlier in 
conflict We have such meagre mformation on the 
non-Chinese population of Chma that almost any 
report 1s of value Mr D C Graham (Smithsoman 
Miscellaneous Collections, 135, No 1 The Customs 
and Religion of the Chang Pp vn+114+16 plates 
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Washington, DC Smithsonian Institution, 1958) 
has collected a considerable amount of material in 
the course of various expeditions to the area between 
1925 and 1948 "This he presents m a straightforward 
manner, and although he has httle acquaintance with 
anthropological literature he does at least lay two 
ghosts assiduously fostered by another missionary, 
the Rev Torrance, who had claimed not only that 
the Ch'ang were monotheists but that they were 
also descended from one of the far-ranging tribes of 
ancient Israel On the positive side, scholars will be 
grateful for the information on religious beliefs and 
practices, particularly the eye-witness account of the 
ceremonies in the sacred grove As m many other 
parts of the world, these rituals provide some 
melusive focus for the village as a whole, while the 
ancestral cult serves a similar function in respect of 
the constituent descent groups 


Australian Mammal Society 


AT the Austrahan and New Zealand Association 
for the Advancement of Science meeting ın Adelaide, 
held during August 1958, ıt was decided to form an 
Austrahan Mammal Society, for the time bemg 
restricted to professional workers actrvely interested 
in mdigenous Australian species Members of the 
Society are made aware of the work and material 
requirements of fellow members and the mter- 
change of material between members 1s encouraged 
The maugural meeting of the Society was held 
m the Department of Zoology, University of 
Western Australia The followmg are the foundation. 
members of the Society J H Calaby, F N Ratcliffe 
(A.C T), Dr A Boliga, Dr.R G Chittleboiough, 
Prof K W Cleland, W H Dawbin, Dr A G Lyne, 
B J G Malow, E Le G Troughton (New South 
Wales), A E Newsome (Northern Territory), Dr 
J L Harnson (Queensland), Phylis Pilton, G B 
Sharman (South Australia), C W Brazenor, J 
McNally, J A Thompson (Victoria), Jenmfer M 
Barker, S Barker, C H Tyndale-Biscoe, E. H M 
Ealey, Dr W D L Ride, Dr J W Shield, G M 
Storr, Prof H Warmg (Western Austraha) The 
secretary-treasurer for 1958-59 ıs Mr S Barker, 
Department of Zoology, Umiversity of Western 
Austraha 


Linnean Society of London : Officers 


Ac the anniversary meeting of the Linnean Society 
of London the following were elected officers for 
the session 1959-60 President, Prof © F A 
Pantin, Treasurer, the Earl of Cranbrook, Secre- 
tares, Dr H R Hewer (zoology), Dr C R 
Metcalfe (botany), Dr John Smart (editorial) Prof 
L J Audus, the Earl of Cranbrook, Mr A W Exell, 
and Dr H G Vevers were appointed vice-presidents 
Mr E J H Corner, Dr G Owen Evans, Mr C C 
Hentschel, Dr A Melderis and Mr Wm T Stearn 
were elected new members of council Limnean Gold 
Medals were presented to Prof H Munro Fox and 
Prof Carl Skottsberg Prof Jean G Baer was 
elected a foreign member and Mr Warren R 
Dawson an Associate honores causa 


Ramsay Memorial Fellowships 

Tue Ramsay Memorial Fellowships Trustees have 
made the followmg awards of new fellowships m chem- 
istry for 1959-60 a General Fellowship at the Univer- 
sity of Aberdeen to Mr P J T Tait, a Canadian 
Fellowship to Mr W G Paterson at the University 
of Oxford, a Japanese Fellowship to Mr Toshmobu 
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Anno at the University of Oxford, a Netherlands 
Fellowship to Dr H C Volger at the University of 
London (University College), Spanish Fellowships 
to Dr Felsa Nufiez Cubero at the University of 
Nottmgham, Mr J B Calhja at the University of 
Bristol, Swiss Fellowships to Dr Otto Stamm at 
the University of London (Imperial College of Science 
and Technology), Dr Fritz Kneubuhl at the 
University of Southampton The Trustees have 
renewed the General Fellowship to Mr G S Laurence 
for work at the Atomic Energy Research Establish- 
ment at Harwell 


City of Paris Medal Awards 

Ar the recent International Conference on Informa- 
tion Processing held at Unesco House, medals of the 
City of Paris were awarded as follows The Vermeil 
Medal to Prof Howard H Aiken (United States), 
Silver Medals to I I Basilewsky for Prof Dimitri 
Panov (USSR), Isaac L Auerbach (United States) , 
Maurice V Wilkes (Umted Kmgdom), Adriaan 
van Wijngaarden (Netherlands), Hideo Yamashita 
(Japan), Alwm Walther (German Federal Republic) , 
Aldo Ghizzetti (Italy), Stag Comet (Sweden) 


Announcements 

Sm Hues LissrEAD has been appointed a member 
of the Medical Research Council in the place of the 
late Mr Richard Foot, M P 


Ma Henry Epmonps, county advisory officer for 
Breconshire, has been appointed assistant agrı- 
cultural and food attaché m Washmgton He re- 
places Mr O G Wilhams 


De J H PrporwsGTON, of the Commonwealth 
Scientific and Industrial Research Organization 
(Australia) Division of Radiophysies, has received 
the T K Sidey (Summertime) Award, made each 
year by the Royal Society of New Zealand The 
Award was given for his theoretical explanation of 
heat:mg m the atmosphere of the Sun He also 
received the David Syme Research Prize of the 
University of Melbourne recently for this work 


Tr following officers of the Institution of Electrical 
Engineers have been elected President, Sr Wills 
Jackson,  Vace-Presidents, G S C Lucas, O W 
Humphreys, Honorary Treasurer, E Leete 


Tm Quality Control Group of the Textile Institute 
will officially come into being on November 10, when 
a conference on this subject will be held in Harrogate 
Further information can be obtamed from Mr L H C 
Tippett, British Cotton Industry Research Associa- 
tion, Didsbury, Manchester The maugural meeting 
and conference of the Physics Group of the Institute 
will be held ın Buxton on October 8 and 9 Further 
information ean be obtained from Dr H O Pauls, 
British Nylon Spinners, Ltd , Pontypool 


Burrerworrus Screntiric PUBLICATIONS, LTD, 
4-5 Bell Yard, Temple Bar, London, W C 2, announce 
that a new quarterly journal, Polymer a Journal to 
Promote the Science of Large Molecules, 18 to appear 
m October It has been founded to provide an inter- 
national medium for the publication of original papers 
on the chemistry, physics and application of polymer 
research ‘The Advisory Editorial Board consists of 
Dr € H Bamford, Courtaulds, Lid, Research 
Laboratory, Maidenhead, Prof C. E H. Bawn, 
University of Liverpool, Prof Geoffrey Gee, Univer- 
sity of Manchester, and Dr Rowland Hill, research 
director, IC I Fibres Division, Harrogate 
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THE WATER POLLUTION 


HE Water Pollution Research Laboratory of the 
Department of Scientific and Industrial Research 
held open days on May 6 and 7 This organization 
was formed in 1927, but the Laboratory at Stevenage 
was not occupied until October 1954 The total staff, 
which meludes chemists, chemical engineers, physic- 
ists and biologists, 1s at present about 120 The 
Station carries out small-scale and pilot-seale woik 
and also has facilities for work with large plant built 
in the open, particularly on the treatment of sewage, 
which can be pumped from a domestic sewer crossing 
the site It was stated that an additional wing, con- 
taming further pulot-scale laboratories, is bemg 
designed and that ıt will probably be built in 
1960 
The field of work of the Station 1s in the umprove- 
ment and development of methods of treating sewage 
and industrial effluents, and m the study of the 
effects of pollution on surface waters, mcluding rivers 
and estuaries Of the work on sewage, part ıs of an 
empirical kmd and part more fundamental In the 
first category, for example, the Laboratory 1s com- 
parmg the efficiency of different types and size of 
medium im percolating filters, of which there 1s a 
large experimental mstallation ın the grounds The 
more fundamental work on sewage includes a detailed 
study, mostly with pilot plant, of the mechanism and 
efficiency of aeration m the actrvated-sludge process, 
of the factors affecting the drying of sewage sludges, 
and of the effect of household detergents on sewage 
treatment Apart from the obvious effects of these 
materials—that ıs, the occurrence of foam, often 
some feet deep, at sewage wo1ks—they have caused 
a marked deterioration m the biological processes of 
treatment at some works, particularly at those which 
use the activated-sludge process, m which sewage 1s 
aerated either mechanically or by diffused aw in 
contact with an active bacterial floc Work at Steven- 
age has shown that the immediate effect of detergents 
is to reduce the rate of transfer of oxygen from 
bubbles of arr to the liquid, and that m those plants 
where initially the rate of aeration was sufficient only 
to maintain a comparatively small concentration of 
oxygen in solution, the further mhibition of oxygen 
transfer has been responsible for the deterioration 
observed It was announced recently that manu- 
facturers of detergents were trymg to develop 
surface-active materials which would be more easily 
decomposed by bacterial action than those at present 
1n use, and ın one experimental plant at the Labora- 
tory some of the more promising compounds were 
bemg tested by treating them, m admixture with 
domestic sewage, m small actrvated-sludge plants In 
these tests the conditions of operation are controlled , 
for example, the liquid is aerated with mixtures of air 
and nitrogen to mamtam a desired constant con- 
centration of oxygen in solution Some of the 
materials submitted for test are much more readily 
decomposed during sewage treatment than are those 
at present on the market 
A substantial effort 1s directed to the 1mprovement 
of methods of treatmg industrial waste waters, and 
in this work the Laboratory 1s closely associated with 
the Federation of British Industries One mvesti- 
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gation now nearing completion has dealt with the 
anaerobic digestion of certam mdustrial hquors—for 
example, those from slaughter-houses—contaiming 
high concentrations of organic matter For suitable 
liquids this process may well be economic—for 
example. with slaughter-house waste more than 90 per 
cent of orgamc carbon is converted to methane and 
carbon dioxide during a period of treatment of 24 hr 
—and the process 1s hkely to go into full-scale use in 
Britain in the near future A plant was also shown 
in which tannery wastes, which often contain sodium 
sulphide used for removing hair from hides, 1s treated 
with flue gas to neutralize ıt, the hydrogen sulphide 
in the flue gas bemg oxidized to sulphuric acid by 
biological action m a percolating filter Apart from 
these long-term projects the Laboratory acts as an 
advisory service to industry and frequently under- 
takes short investigations for particular firms on a 
repayment basis 

One important aspect of the work of the Laboratory 
1s the study of the effects of polluting substances in 
surface waters For some years the chief object of 
this study has been the Thames Estuary, the central 
reaches of which in dry weather are anaerobic, and 
where ın consequence sulphate 1s reduced to sulphide 
by bacterial action This survey, the final report on 
which has not yet been published but 1s m preparation, 
has involved much experimental work—for example, 
determinations of rates of oxidation of organic 
materials at different temperatures, and the study of 
the condriions in which ammonia i8 oxidized or 
nitrate is reduced by bacterial action —the results of 
which are applicable to the far simpler system of a 
fresh-water stream In the Thames Estuary the 
most important effect of pollution of all kinds 1s to 
reduce the concentration of oxygen in solution in the 
water, since 1t is only when this has fallen to zero 
(and when any nitrate present has been reduced to 
nitrogen) that evolution of hydrogen sulphide occurs 
In fresh-water streams many other effects of polluting 
Substances may be important, particularly if the 
stream 18 expected to support a fishery or 1f the water 
is used for a public supply, but the lowermg of the 
concentration of dissolved oxygen which results 
from the discharge of any oxidizable material 18 still 
one of the most objectionable results of pollution, 
and the level of oxygen 1s often taken as diagnostic 
of the general quality of the water 

In rivers which contain fish, oxygen tension 1s par- 
ticularly important, not only because a certam muini- 
mum level ıs necessary to support fish hfe, but also 
because a reduction m tension increases the toxicity 
of any poisons which may be present The Laboratory 
1s studying the various factors which govern the 
oxygen balance of streams, 1n the hope of bemg able 
to reduce the margm of error with which the oxygen 
profile below the pomt of discharge of a given effluent 
to @ given river can be predicted, and has already 
made some progress 1n this direction The work has 
been greatly facilitated by the development of a 
iobust recorder of the dropping-mercury type which 
can be used to give a continuous record of the level 
of dissolved oxygen ın a river The programme 
involves a knowledge of the rate of oxidation of 
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polluting substances, of the rate at which the water 
of a stream will absorb oxygen from the air, and of 
the effects of aquatic plants and animals on the 
oxygen balance 

In the field, the only satisfactory method at 
present available for determunmg the rate of transfer 
of oxygen from the ar is to reduce the oxygen 
tension in the water (by adding sulphite and a 
catalyst), followmg then the rise m level of oxygen 
below this pomt This method has been used suecess- 
fully for small streams, but presents obvious diffi- 
culties 1n a large river Many of the factors involved, 
however—for example, turbulence, and the presence 
of substances such as detergents in solution which 
reduce the rate of oxygen transfer—are bemg investi- 
gated by running water through slopmg troughs, 
100 ft long, in the grounds of the Laboratory One 
question which ıs often important in Britam—namely, 
the change m oxygen-level m water when it flows 
over weirs—has been substantially settled by work 
m the field and m pilot-scale plant, given the height 
from which the water falls, and the temperature, the 
extent to which the oxygen deficit 1s reduced can be 
predicted withm narrow limits 

In rivers, oxidation and reduction of compounds of 
nitrogen often play an mmportant part Oxidation of 
ammonia and reduction of nitrate, and particularly 
the effect of concentration of dissolved oxygen on 
these processes, are bemg studied in an artificial 
river m which water passes through a series of tanks 
fitted with stirrers In streams contaming large 
numbers of algae or much rooted vegetation, the 
effects of the bacterial oxidation of polluting matter on 
oxygen tension may be greatly outweighed by photo- 
synthetic production of oxygen and its consumption 
by plant respiration "These effects are bemg studied 
in & stream near the Laboratory, where continuous 
recorders are mstalled In June and September 
1958 there was a net release of 3 8 gm oxygen/m ?/ 
day Estimates are bemg made of the productivity 
of different reaches m this stream usmg cropping 
techniques assisted by aerial photographs taken by a 
camera suspended from a meteorological balloon 
Consumption of oxygen by respiration of mverte- 
brates is also significant, and this 1s bemg determmed 
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i» resprrometers m which the change in oxygen 
tension 1s again recorded continuously. 

The Laboratory has a small but well-equipped 
Microbiological Section m which three main hnes of 
work are m progress The first 1s a detailed study of 
the changes which occur when aqueous solutions of 
organic compounds (which may be radioactively 
labelled) are passed over an active microbial film of 
the type which occurs in percolating filters and on 
which the purification of sewage by this process 
depends ‘The film ıs built up on tbe mside of a 
‘Perspex’ cylinder, the long axis of which 1s melimed 
and about which ıb 1s rotated, the atmosphere m 
contact with the film ıs circulated and there are 
arrangements for withdrawmg samples from it and 
for addmg oxygen to replace that used “in oxidation 
Most of the organic substances present m such 
materials as sewage are very rapidly oxidized; one 
object of the work 1s to identify those which are not 

It is very umportant, in treatmg pollutmg liquids 
by biological processes, to be able, m the last stage 
of the process, to remove by sedimentation organic 
sludge from the lhquid—the latter representmg, of 
course, the final effluent from the plant A large 
part of the organic matter to be removed consists of 
bacteria and the quality of the final effluent depends 
very largely on whether they will or will not agglu- 
tinate m the final sedimentation tank In spite of a 
good deal of work on the subject, not much 1s known 
of the factors which affect flocculation m a treatment 
plant, these are therefore bemg studied by the 
section, using cultures isolated from sewage and 
sewage effluents 

The third line of work which is bemg pursued in 
collaboration with the National Coal Board 1s on the 
bacterial treatment of waste waters from coke ovens, 
in which the chief constituents to be removed are 
phenols, thiocyanate and ammonia Rates of assim- 
uation and oxidation of these substances are bemg 
studied in contmuous-culture apparatus after pre- 
liminary trials by the usual Warburg technique 

The Microbiological Section has recently been 
strengthened by the transfer to ıt of some of the 
staff formerly workmg at the National Chemical 
Laboratory 


WATER SUPPLY AND DEMAND IN GREAT BRITAIN 


HE problem of water supply and demand, the 
need for umproved hydrological knowledge and 
the necessity for a contanumg study of the changmg 
situation in. Britam, have received editorial notice m 
earlier issues of Nature (172, 823, 1953, and 176, 
1133, 1955) The decision to suspend the Inland 
Water Survey and disband the Central Advisory Water 
Committee durmg the economy measures of 1952 
was, from a purely scientific pomt of view, strongly 
criticized Happily this decision was reversed m 1955 
when the Central Advisory Water Committee was 
reconstituted , and m the same year the Inland 
Water Survey also recommenced its labours and has 
since published a great deal of information covering 
the post-war years 
One of the first actions taken by the Central 
Advisory Water Committee m 1955 was to appoint 
two subcommittees to investigate mformation on 


water resources and the growing demand for water 
Both these subcommittees have recently reported 
to the Central Committee and the information 
collected so far has now been published* 

Of the two documents, that of the Subcommittee 
on Information on Water Resources 1s perhaps the 
least controversial and may be considered first 
This Subcommittee was appointed with the followmg 
terms of reference (1) to review the current activities 
which contribute to our knowledge of the nation’s 
water resources, (11) to define the additional work 
needed to make a balanced survey of the quantity 
and quality of surface and underground water avail- 
able for domestic, mdustrial and agricultural use , 
(i) to advise on ways of collecting and interpreting 


* Central Advisory Water Committee Subcommittee on The 
Growing Demand for Water—First Report Pp i1v+28 ls 3d net 

Report of the Subcommittee on Information on Water Resources 
Pp 1420 1s 3d net (London HWM Stationery Office, 1950 ) 
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the necessary information, correlating 16 with mforma- 
tion from other sources and publishmg 16 

The review of current activities deals with the work 
of the Meteorological Office (Arr Mmustry), the Surface 
Water Survey Centre (Ministry of Housing and Local 
Government) and the Geological Survey m providing 
information on rainfall, evaporation, surface water 
and ground water It is recommended that the 
Geological Survey should resume publication of 
information on ground water, and that all data on 
rainfall, surface water and ground water should be 
presented on a common basis of river basin areas 
The planned future contents of “British Ramfall” 
and the “Surface Water Year Book” are endorsed, 
and the proposed arrangements for the collection and 
interpretation of hydrological information are con- 
sidered adequate to meet the known need, although 
certain extensions of existing activities are recom- 
mended The more frequent mspection of rainfall 
stations, the more accurate recording of snowfall, 
additional recordmg of ground water, the publication 
of more data on the quality of certain water supplies 
and the more rapid completion of the network of 
river gauging stations are all considered desirable 

Although the arrangements for the colléction and 
interpretation of mformation are considered “broadly 
[to] meet the known need", the report recognizes 
the necessity for additional investigation mto 
hydrological relationships and for further mquiry 
into the use of hydrological information It 1s there- 
fore also recommended that work at present bemg 
done on hydrological research should be reviewed 
to determine how such work should be co-ordmated 
and what extensions or modifications may be 
desirable The lack of any central hydrological 
information and research organization comparable to 
the Geological Survey or Meteorological Office has 
already been noted elsewhere*. The publication. of 
this report on information on water resources really 
arises from the lack of such a body, smce data on the 
hydrological cyclo ın Great Britam are scattered 
among such a variety of authorities each of these 
authorities 1s only mterested m one aspect of the com- 
plete cycle The recommendation that all hydrological 
results should be presented on a common basis of 
hydrometrie areas 1s, however, a significant move 
towards a closer mtegration of the available data 

The report of the Subcommittee on the Growing 
Demand for Water is a longer document, although 
despite three years deliberation and investigation 1b 
has appeared as a first and not as a final report, for 
the subcommittee found its terms of reference more 
exacting than anticipated These were “To consider 
the extent to which the demand for water for domestic, 
industrial, agricultural and other purposes ıs mcreas- 
ing and is likely to mcrease, to consider the problems 
involved ın meeting these demands, including, m 
broad terms, the cost , to consider whether there are 
any substantial economies 1n the use or cost of water 
which could be made without reduction m standards 
of hygiene or 1n industrial or agricultural efficiency , 
and to make recommendations” 

The main questions which remam unanswered 
concern the demand for water for agricultural wriga- 
tion and economies in the use of water m industry 
The chief difficulty experienced in the mvestigation 
was related to the dual character of water supply in 
Great Britain which 18 provided by both public water 
undertakers and obtamed privately and the three- 
fold nature of the demand, which 1s domestic, 

* Balchm, W G V, Water and Water Ena , 61, No 734 (1957) 
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mdustrial and agricultural Accurate statistical 
information on consumption 1s readily available only 
from the public water undertakers, but even here the 
amounts in the various categories of use are not fully 
known The subcommittee instituted its own official 
inquiry among all public water undertakers, the 
nationalized imdustries (electricity, coal, gas and 
transport), and sıx major industries (brewmg, chem1- 
cals, ron and steel, leather, paper and textiles) where 
supphes are largely obtained privately <A large and 
valuable collection of new statistical data has there- 
fore been accumulated , and this, together with the 
unpublished water surveys carried out between 1945 
and 1958 by engmeers of the Ministry of Housing and 
Local Government, form the basis of the recommenda- 
tions accompanying the report 

In the mdustrial and domestic categories there 1s 
clear evidence of a steady nation-wide mecrease in 
water consumption of between 2 and 3 per cent per 
annum durmg the past quarter of a century This 1s 
expected to continue mto the future to produce by 
1965 something of the order of a 25 per cent 1ncrease 
over the known 1955 consumption figures As new 
works under construction, or proposed, are scheduled 
to yield an additional 800 million gallons of water a 
day by 1965, and this 15 approximately 40 per cent 
of the quantity distributed by water undertakers in 
1955, the subcommittee concludes that in England 
and Wales as a whole the rismg consumption need 
not give rise to immediate anxiety This general 
statement 1s, however, immediately qualified with the 
proviso that “this ıs not to say that temporary or local 
shortages will not recur from time to time, quite 
apart from more general shortages in very dry years 
(when maximum domestic demand and mimimum 
supply tend to comeide), or that mdustries seeking 
new sites will find abundant supples m any place 
they care to choose” The estimates also assume that 
m any particular area the trend of consumption will 
follow approximately its present course, so that any 
significant deviation not foreseen at present could 
upset the balance 

Beyond 1965 the Subcommittee was “unable to 
obtam any reliable data" and decided not to attempt 
numerical estimates The subcommuttee 1s therefore 
not prepared to commit itself other than to express 
the opmion that there need be no shortage of water 
in any part of England and Wales provided that 
development schemes are prepared well in advance of 
demand, that the necessary statutory powers and 
other authorizations are granted, that capital mvest- 
ment 1s permitted on the requisite scale and the loca- 
tion of mdustries which require large quantities of 
water 1s regulated with the water supply situation 
m mind 

While acknowledgmg the great amount of work 
which has clearly gone into the mquiry, and the 
valuable new information which the report presents, 
it must be admitted that there are a number of 
debatable points In the first instance the Subcom- 
muttee has based its arguments upon figures of past 
consumption which are not necessarily indicative of 
past demand, and could certamly be misleadmg so 
far as future demand is concerned This ıs most 
evident in the agricultural usage of water Quite 
apart from the fact that the consumption rises rapidly 
as soon as piped water becomes available to a farm, 
there ıs the whole unresolved and rapidly growing 
problem of agricultural wrigation The work done at 
Rothamsted Expermental Station shows, for agricul- 
ture, a deficiency of ram 1n more than five years out 
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of ten south of a line drawn from the Humber to the 
Severn, and a deficiency m nine years out of ten in 
Essex, Suffolk and Kent The magnitude of the 
deficiency varies from place to place and from year to 
year with theoretical values ranging from 1 m to 
121n ofram The mngation that would be needed to 
meet this deficiency would depend on soil moisture 
retention conditions and plant rooting characteristics, 
and might amount to a raimfall equivalent in some 
places of up to 6 in. All the water would be used in 
transpiration or evaporation, or absorbed by percola- 
tion, and would not be capable of re-use Calculations 
indicate that a possible demand of some 8,000 million 
gallons a day might exist m very dry years south of 
the Humber-Severn hne This amount is more than 
four times that supplied m 1955 by all the public 
water undertakers ın England and Wales, and ıb 
indicates the potential demand which exists and which 
the subcommittee has ignored m its first report It 
is proposed, however, to give further attention to 
this problem, but the approach appears to be negative 
as the possibility 1s mentioned of some form of control 
over the abstraction of surface water analogous to the 
existing protection of underground water If the 
national policy 1s to secure the maximum food output 
from the agricultural mdustry, farmers ın south-east 
England should be actively encouraged rather than 
discouraged to irrigate, m which case a more positive 
approach to the water supply problem and a com- 
pletely different attitude of mind are then needed 
The reluctance of the Subcommuttee to look further 
ahead than 1965 1s also unfortunate, although the 
difficulties can be fully appreciated The Ministry 
of Health Committee on Causes of Increase m Con- 
sumption of Water (1949) was prepared to look ahead 
for a period of some 22 years up to 1970 Past 
experience clearly shows thet water-supply schemes 
take many years to come mto operation and that 
rehabihty m supply largely depends on one generation 
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planning for the next The blue prints to meet the 
requirements of the late 1970’s should be rn process of 
formulation im the early 1960’s if the real needs of 
agriculture and industry are to be satisfied 

Possible economies ın the use of water m mdustry 
have also been deferred for future consideration, 
although the report does direct attention to waste 
prevention and leak detection , the recommendation 
is made that all water undertakers should operate an 
adequate waste prevention service 

There 1s clearly much food for thought m both of 
these reports The rising standard of living of an 
increasing population m Great Britain has, m the 
present century, brought water to the forefront as a 
vital and essential commodity ın the life of the nation 
Although the natural resources of the country in 
terms of rainfall are theoretically adequate, Nature 
has a habit of distributing the precipitation unevenly 
m both time and place Thuis situation can only be 
remedied by care m use and by the conservation of 
supplies m periods and areas of plenty Lowland 
Britam, where consumption is greatest, 1s also the 
area where the population 18 densest, the rainfall least 
and where local water resources are nearmg full 
utihzation Highland Britain, on the other hand, has 
a low population, the highest raimfall and a relative 
over-abundance of water of which only a small 
proportion has yet been developed To what extent 
would the gains from scientific irrigation in agriculture 
and a guaranteed domestic and mdustrial supply m 
lowland Britam outweigh the cost of storage and 
movement of water from highland Britam’? And 
how far might the conversion of salme water m 
Great Britam assist ın the solution of the water- 
supply problem ? It seems that these aie the major 
questions on water supply that must be answered if 
the problem is to be approached with vision and 
concern for the needs of the next generation 

W G V BALOHIN 


TEN YEARS OF ERGONOMICS 


RGONOMICS 1s mamly about ‘human factors’ in 
the design and operation of machines, and about 
the physical environments m which men use their 
machmes Moreover, 16 1s multidiserplmary Nobody 
who attended the tenth anriversary meeting of the 
Ergonomics Research Society, held in Oxford durmg 
April 6-9, could have much doubt on either of these 
pomts 
The Postmaster-General, Mr Ernest Marples, 
apparently less damaged than he should have been 
by a 400-mile cycling trip in France on what seems 
to have been a highly unergonomic saddle, opened 
the conference He had hard thmgs to say about 
the word ‘ergonomics’ ^ Unlike his chairman, the 
Master of Balhol, who thought ıt was splendid 
because 16 told us exactly what ıt meant, Mr Marples 
thought ıt was frightful because ıt did not However, 
for ergonomics itself he had nothing but praise The 
General Post Office had used ıt for nine years, and 
it was his intention to build rb mto the General Post 
Office structure so firmly that ıt could be got out 
agam only by ‘positive action’ He pledged his 
support for everyone, everywhere, mcluding house- 
wives in ther kitchens, who moved ergonomically 
with the times 


Following up a point Mr Marples made about the 
frequency with which “backroom boys" are either not 
understood or misunderstood, Sir Frederic Bartlett, 
formerly—for twenty-one years—professor of experi- 
mental psychology in the University of Cambridge, 
inquired how common difficulties of communication 
might be overcome, so that proved advances (for 
example, m the design of altumeters) might be adopted 
with reasonable rapidity Mr Marples advised him 
to get mto touch with the top people concerned, or 
with the Parhamentary and Scientific Committee, or 
with Mr Marples himself Sir Frederic looked rather 
less happy about this than did Mr Marples 

There was more to come from the General Post 
Office A paper by Dr R Conrad, of the Medical 
Research Council Applied Psychology Unit at Cam- 
bridge, dealt with mass communication systems, 
and a couple by Dr W F Floyd, of the Middlesex 
Hospital Medical School, and Miss June I Jones, of 
the General Post Office, covered some problems of 
hghting, posture, thermal conditions and energy cost 
of work in telephone exchanges and Post Office 
factories These gave a clear mdication of what 
ergonomics amounted to in practice Dr Conrad 
told us that to obtam a weather report he had to 
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dial 96618312274 As this kind of thing was spread- 
ing, 16 had been decided that some General Post 
Office-based studies of mmediate memory might pay 
off One proved useful m comparing conventional 
dials with push-button arrangements , and another 
helped ın workmg out the kids of codes that might 
be surtable for trunk numbers or postal addresses 
Dr Conrad’s concern with efficiency was matched by 
the interest Dr Floyd and Miss Jones displayed in 
comfort, but Dr Conrad led the other two in his 
theorizing 

These three early speakers did, m fact, throw up, 
without exphert formulation of them, problems which 
were to rear their heads frequently durmg the con- 
ference What had Dr Conrad in common with Dr 
Floyd and Miss Jones apart from the General Post 
Office roof over his head ? All he said—and, indeed, 
all his director, Mr D E Broadbent, said in a later 
paper—could easily have been labelled ‘apphed 
experimental psychology’, and all that Dr Floyd 
and Miss Jones said ıs usually called ‘applied physio- 
logy’ Where does ergonomics come in? Does 16 
seek to be regarded as a new science ? If so, on what 
18 15s claim to mdependent scientific status founded ? 
Has ıt any distinctrve concepts or methods? Is it, 
perhaps, mamly a convenient gathermg-place for 
people belongmg to certam technological wings of 
certam human sciences, and ther agents and users 
im industry ? 

As if these puzzles were not enough for us, more 
were produced by delegates who came from the 
work-study sector of industry One, Mr A Graham, 
of Imperial Chemical Industries, created a small 
squall after some plain speaking by Mr H Murrell, 
the founder of the Society Mr Graham asked scorn- 
fully why industry should be expected to prefer the 
‘toothpick’ of ergonomics to the ‘pneumatic drill of 
work-study ; and havimg delivered himself of this 
broadside, he switched on his own pneumatic drill and 
demanded that work-study practitioners should be 
offered both help and respect He gave the impression 
that what was really worrying him was the intrusion 
of still more outside ‘experts’ At this pomt Mr 
A T Welford, the editor of Ergonomics, deftly 
applied the o1l-can However, 1t seems that later m 
the day, at the Society’s annual general meeting, 
D E A Muller, of Dortmund, set the cat among 
the pigeons agam by suggesting that meetmgs 
between research workers and people from industry 
were a doubtful blessmg and should be only 
occasional 

It may appear, from all thus, that the conference 
was a bit of a mix-up So indeed 1t was But 1t was 
probably a healthy one The physiologists and 
psychologists, though gomg thew separate and 
unmtegrated ways, somehow did battle together 
with the delegates from mdustry True, each side 
paid tribute to the other and to some extent shared 
a common cause , but the sparks flew Perhaps even 
more would have flown if the meeting had been held 
in less academic surroundings The industrial con- 
tingent were inclined to be a little shy 

The nature and quality of the papers were as mixed 
as the audience Though the title given to the con- 
ference as a whole was "Symposium on Ergonomics, 
its Place m Industry (Past Progress and Future 
Trends)”, only a few of the contributions played up 
to ıt These came mostly at the begmning, from 
Mr Welford and from Dr O G Edholm, of the 
Medical Research Council Division of Human 
Physiology , and at the end, from Mr Broadbent, 
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from Dr E H Christensen, of Stockholm, and from 
Mr L V Green, of Dunlops The rest were chiefly 
individual papers Among them were a description 
of work done on design problems m EMI Elec- 
tronics, given by Mr B Shackel, and an account 
of activities ın the Clothmg and Stores Experimental 
Estabhshment of the Ministry of Supply, grven by 
Dr E T Renbourn and Mr H C Stockbridge Mr 
C E Brooks, of Personnel Administration, Ltd , had 
some sensible things to say about immproving the 
quality and output of mspectors by systematic 
re-tramung, but the information he produced in 
support of his findmgs did not carry conviction to 
everyone; nor did it seem to have much to do 
with ergonomics 

Despite this bittmess, a good deal of stimulation 
was provided Mr Murrell’s own contribution, 
mentioned earlier, was not what he meant ıt to be, 
because a midnight argument had made him decide 
to scrap the original In the event ıt turned out to 
be a usefully provocative statement about what 
‘ergonomists’ could do for industry that methods 
engineers could not They could bring to them task 
knowledge of the capacities and limitations of human 
bemgs not to be found m the publications of Shaw, 
Mundel or Barnes More than that, they could brmg 
to ıt skill m the conduct of experiments with ‘chaps’ 
A methods engmeer plus a psychologist or half a 
physiologist would produce a different outlook on 
industrial problems This was the straight-from- 
the-shoulder stuff that caused offence to Mr Graham 
To some others 1t caused perplexity, for ıt left unclear 
the distmguishmg characteristics of the ergonomust, 
the psychologist, and the physiologist A few among 
the faithful were dismayed, because although they 
talk about ergonomics, they do not lke the label 
‘ergonomist’ 

In a comment on a paper by his E M I Electronics 
colleague, Mr J R Arrowsmith, Mr Shackel had a 
good pomt to make about the function of machines 
in. relieving the anxieties of skilled men who build up 
great tension as the possibilty of spoilmg several 
days work mounts So had Mr Broadbent, in the 
same discussion, when he remarked that m our hopes 
for the elimmation of human error, through the 
taping of mstructions, we must not neglect the risk 
that the typist typmg the tape may err Earlier, 
Mr W D Seymour had asked, rather drily, how 
many of the matters discussed at the conference had 
not been investigated by industrial psychologists 
twenty-five years ago 

So some extent, Mr Seymour’s question was 
answered in a later contribution by the present 
writer, who made comparisons between the first ten 
years of ergonomics and the first ten years of 
occupational psychology The chief differences 
seemed to le m the wider scope of occupational 
psychology It encompassed problems of ‘fitting the 
man to the job’ as well as problems of ‘fittimg the 
Job to the man’, and ıt studied attitudes as well as 
skuls Dangers arising from nariowing the range of 
the industrial problems taken into account were 
illustrated by Dr J J O’Dwyer, of Unilever, who 
spoke about mformal groups m industry, and the 
importance of percerving and usmg them, and by 
Mr R M McKenzie, of the Social Sciences Research 
Centre at Edmburgh, who showed—entertammgly— 
how social factors could keep a worker’s output well 
below his potential 

What of the next ten years? If the members of 
council of the Ergonomics Research Society have not 
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yot drawn their conclusions from their experience of 
the first decade, they might thmk about covermg the 
followmg points in their discussions First, there 1s 
perhaps little to be gained by making ergonomics out 
to be a scence It 1s a kind of conglomeration—not 
even a compound—of technologies , and ıt might be 
a good thing for i$ to continue lke that Possibly 
the Society should be content to serve the same kind 
of admirable purpose as the British Nuclear Energy 
Conference, which pulls m people from a number of 
fields without seeking to detach any of them from 
their primary allegiances 
Secondly, there 1s undoubtedly a lot to be said for 
the running of courses of lectures and practical work 
for people, from a variety of levels and types of work 
who are faced with ‘ergonomic’ problems The short 
Bristol course outlined by Dr S Griew seems sound 
in its aim, which is to put across useful facts about 
the structure and functionmg of the human body, 
to show where more can be found, to explain and 
demonstrate experimental approaches to problems of 
equipment design, and to suggest that ‘fittmg the 
man to the job’ and ‘fitting the job to the man’ 
should often be tackled together 
Thirdly, however, there ıs perhaps room for far 
more stress on the need to look into, learn about and 
teach people about, mdrvidual differences, especially 
on the psychological side Mr Stockbridge’s cro-de- 
coeur ("Individual drfferences are a frantic nuisance 
If only we had a standard man ?) brought 
out this need Some workers ın this field are clearly 
tempted, not merely to wish that there were such a 
creature, but to assume that there ıs Mr Welford 
seemed almost to succumb when he spoke hopefully 
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about the discovery of ‘standard times’ for mental 
operations, and more particularly when he hinted 
that one had been run to earth m Antwerp, where 
telephonists had consistently coped with five bits of 
information a second Dr Conrad, commentmg on 
this later, unwittingly challenged Mr Welford by 
revealmg that Norwich girls could manage seven 
without any trouble 

Discrepancies like this cannot really be met by 
jocular references to the possible existence of 
‘national’ differences They must be taken seriously 
Could they arise from differences in the kinds of 
people bemg guided into and selected for the work 


in different places or at different tumes? Or from 
differences in trammg arrangements? Or from 
differences ın methods of work adopted ? Or from 


differences in equipment’ Or from differences in 
working conditions of several kmds, includi the 
physical, the social and the financial * All these and 
other possibilities should be explored 

But here we encounter two important snags Can 
exploration of the kind needed be carried out satis- 
factorily on the timy, homogeneous, doubtfully 
relevant groups often used by researchers in the vast 
field of ergonomics ? And can ıt be tackled adequately 
by researchers whose devotion to ‘precise’ measure- 
ment 1s such that they are melined either to forget 
or to ignore deliberately the existence of possibly 
influential factors which he beyond the reach of their 
cherished clocks and counters ? The state of play in 
ergonomics ten years from now may depend a good 
deal on the answers the Council of the Ergonomics 
Research Society grves to these two questions 

Artec RopGER 


DISTRIBUTION OF SCIENTIFIC PUBLICATIONS IN 
UNDER-DEVELOPED COUNTRIES 


HE Scientific Publications Council, which has 
recently been formed, includes the editors of 
twenty scientific journals and the authors of a number 
of scientific books It was started by a group of 
scientists who felt the need for an mdependent body 
that could uphold the interests of scientific authors 
and editors in working for higher standards in the 
publication and distribution of scientific books and 
journals The Council 1s mtended to provide a means 
for scientific writers and editors to maintain contact 
with each other and exchange views with others 
concerned m scientific publication m Great Britam 
and overseas 1b provides a forum for the discussion 
of matters of mutual mterest and a means of obtammg 
advice in technical and legal matters relatmg to 
publication It is intended that the Council should 
work to establish good relations between scientific 
writers and publishers, and co-operate in settmg up 
agreed standards that are acceptable to scientists and 
publishers alike The officers of the Council are 
appomted for a term of three years, Prof G W 
Harris ıs chairman of the Council and Dr D Richter, 
Neuropsychiatric Research Unit, Whitchurch Hos- 
pital, Cardiff, ıs honorary secietary 
At a meeting of the Scientific Publications Council 
held on April 10 at the Ciba Foundation, London, 
Mr John Hampden (British Council) opened a discus- 


sion on the distributions of scientific publications m 
the under-developed countries He described the 
difficulties experienced in many countries m obtammg 
British books and periodicals In Asia and Africa 
there 1s rapidly growing up a new literate class which 
wants to read, but in many places no British publica- 
tions are available In some places ıt ıs hard to per- 
suade any bookseller to obtam them, as the necessary 
currency authorization 1s difficult, expensive or 
impossible to get, and the profit ıs small On the 
other hand, there 1s an abundant supply of State- 
subsidized. cheap editions from the USSR, China 
and also the United States The English language 1s 
now an international possession The students 
wanting books are the scientists, professional men and 
leaders of the future, and 1t is bound to affect ther 
future readimg and outlook if the only books they 
can get are not British 

Currency shortages are maanly responsible for the 
situation 1n some countries, includmg Poland, 
Turkey, Israel, Pakistan and Indonesia How can 
people in these countries buy British books and 
periodicals if they have no sterlmg to pay for them ? 
Other difficulties ın some countries include the 
shortage of bookshops stocking British books and the 
lack of libraries where British publications can be 
seen The difficulty ıs especially acute for scientrfic 
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and medical books, which are needed by specialists 
In the Western countries where libraries are largely 
taken for granted, 1t 1s haid to realize that m many 
places a student may have access to very few books 
which he does not buy for himself, and the cost of 
one book may be more than a whole month’s salary 
In many places ıb 1s even rmpossible to get up-to-date 
hsts of British books and their very existence i18 m 
danger of being forgotten 

The Americans have got round the currency 
restrictions by export schemes m which the publishers 
are paid directly by the Government, so that the 
importing countries need no dollars to pay for books 
This was origmally a British idea (mvented by Sir 
Stanley Unwm) which the Americans have adopted 
British text-books have been deservedly popular in 
Asia and Africa for many years, but there 1s a serious 
danger that they will soon be swept out of some 
important markets Mr Hampden said we aie not 
afraid of far competition, but British publications 
cannot compete with exports heavily subsidized by 
foreign governments It is a matter of considerable 
concern to those familiar with the situation that the 
journals of many British learned societies are not 
organized as the book-publishers are to increase their 
sales overseas, and it looks as though these Journals 
are getting seriously left behind It 1s essential that 
more information about British scientific books and 
journals should be made available overseas The 
British Council 1s domg all i$ can to spread this 
information abroad 

Dr P Rosbaud said that the cultural importance 
of scientific books has only recently been appreciated 
in Great Brita! The export of scientific and techni- 
cal books 1s not only of benefit to the book trade but 
also has a far-reachmg mfluence on education and 
commerce in general, so that ıt pays high political 
dividends as well One of the mam factors mfluencing 
distribution abroad ıs the cost Why are scientific 
books so expensive in comparison with other books of 
simular size, and where do all the profits go? For a 
typical book of 250 pages selling at 30s the publisher 
may hope to sell 3,000 copies and break even at 
2,400—1f he sold less than 2,400 he loses , 1f more, he 
gams For such a book the printer’s estimate may 
be 8s a copy, meluding the cost of correction, blocks 
and paper There 1s little to be saved by usmg paper 
of cheaper quality The pubhsher’s overheads might 
be 2s 6d, advertismg 2s and the author's royalty at 
124 per cent would be 3s 9d Allowing 33 per cent, or 
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10s for the bookseller, that left the publisher with 
only 3s 9d as his profit In any sales m the United 
States the pubhsher may need the services of an 
American distributor who would ask 50-60 pei cent 
of the sellmg price, and the British publisher would 
also have to pay the additional cost of freight 
There ıs the alternative of sellmg a small number of 
books at a high price or a larger number at a lower 
price, as with text-books Text-books have got to be 
cheap, and this might be achieved by bringing out a 
large first issue of 5,000 copies without profit and then 
making a profit on subsequent issues It was not 
right that the author should ever be asked to waive 
his royalty, which was httle enough anyway no 
reputable publisher would ever ask that In the 
publication of scientific journals great patience might 
be needed before a profit could be made Sir Richard 
Gregory had told Dr P Rosbaud that Nature took 
more than twenty years before the circulation was 
sufficient for ıt to make its first profit Publishing a 
journal 1s like cultivating a garden m which one must 
wait a long time for the harvest As the circulation 
increases and the journal gradually becomes more 
profitable, the publisher can pass some of this on to 
the consumer by reducing the price or increasing the 
size Scientific Journals could be made considerably 
cheaper by ineludmg advertising space Otherwise, 
the only way of reducmg the cost 1s to merease the 
errculation Where publishing 1s a government mono- 
poly, as in the USSR, books and journals can be 
produced at a very low cost , but there are objections 
to this practice Such publications may have plenty 
of room for the Lysenkos, but not for the Vavilovs and 
Pasternaks, and the results are tragic There is an 
urgent need for the British Government to develop an 
effective export scheme 1n answer to the floods of cheap 
State-subsidized publications from other countries 

The charman, Prof G W Harris, asked how 
scientists in Britam could best help in getting 
scientific books and journals distributed m the coun- 
tries that need them Mr Hampden thought that 
the Scientific Publications Council might help in 
bringing the problem to the notice of the learned 
societies Dr F.N L Poynter described the work 
of the Wellcome Historical Medical Library in collect- 
ing scientific books and medical journals and distribut- 
ing them m under-developed countries abroad He 
thought 1t would be helpful if the existence of a 
voluntary distributing centre of this kind were 
made more widely known 


MAPPING VEGETATION 


N international symposrum on mapping vegeta- 
tion was held durmg March 23-26 m Stolzenau/ 
Weser, m the Federal Republic of Germany This 
gathermg of 112 scientists from sixteen countries, 
meluding Japan and the United States of America, 
was organized by the head of the Bundesanstalt fur 
Vegetationskartierung, Prof R Tuxen (Stolzenau), 
on behalf of the International Society for Plant 
Geography and Ecology 
The rapid progress of phytosociology (phyto- 
cenology) ın this century, especially during the past 
three decades, has made feasible the scientific map- 
ping of vegetation based upon well-defined plant 


communities In view of recent advancements in 
this field, an international meeting to faciltate 
exchange of views, personal contacts and assessment 
of new future developments was very timely 
Mapping of vegetation at the Bundesanstalt fur 
Vegetationskartierung (formerly Zentralstelle fur 
Vegetationskartierung des Reiches) began in 1931 
for the Nature Conservancy Service m Hanover Then, 
as now, the mapping of vegetation was preceded by 
extensive field work on existing plant communities: 
in the respective area by the methods of the Zurich— 
Montpellier school of phytosociology In addition to 
fundamental research on plant communities, therr 
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ecology and distribution, a large variety of applied 
research programmes have been completed which 
involved mapping actual and potential vegetation 
for various practical arms m agriculture, forestry, 
water supply, transport and nature conservancy At 
present, a large programme of vegetation mappmg 
has been undertaken for the West Germany railways, 
in which the vegetation along about 30,000 km of 
its railway network wil be mapped to provide a 
sound basis for certain practical measures For some 
time the Institute has been working on a complex 
research problem concerning the relationship of a 
paiticular plant community to the soi profile, and 
members of the symposium were much impressed by 
the exhibition of about 300 large, well-prepared soul 
profile mounts from north-west Germany In solving 
many complex problems on vegetation for Germany, 
this mdependent research institute has become m- 
dispensable to other neighbourmg countries in 
Euiope, which face similar problems of a fundamental 
or applied nature It 1s hoped that recent progress 
will be maintained and its sound future development 
preserved 

The papers presented at the conference may be 
subdivided into three major groups (a) methods, 
(b) recent advances, and (c) applications 

(a) Methods The mportance of fundamental 
principles, methods and aims ıs of much concern m 
any mappmg of vegetation In his mtroduction, 
Prof M Schwickerath (Aachen) referred to the sig- 
nificance of ‘association diagrams’ m mappmg, by 
ulustrating this with examples of the Vzolon cal- 
ammarıae and Sphagnum associations Prof A W 
Kuchle (Kansas) explamed the compilation of a 
small-scale vegetation map of the United States and 
the various problems mvolved Prof A Scamoni 
(Eberswalde) presented the new vegetation map of 
the East German Republic on a scale of 1 1,000,000 
and indicated the principles apphed m ths work 
Prof I Horvat (Zagreb) referred to the basic con- 
siderations in applymg higher units of vegetation 
while outlming the mam features of vegetation m 
Yugoslavia Prof A Nourfalise (Brussels) reviewed 
the aims and methods used m mapping the vegetation 
of Belgium, and those for recordmg marme bio- 
cenoses of the sea bottom off the coasts of France 
were outhned by Dr R Molmer (Marseilles) On this 
topic Dr Molmier gave a lecture illustrated by 
excellent colour slides of underwater scenes taken on 
various trips m the Mediterranean Prof H Gaussen 
(Toulouse) explained the choice of colours in carto- 
graphy, illustrated by his excellent bioclimatic maps 
of Africa and South America The followimg five 
papers from the Bundesanstalt fur Vegetations- 
kartierung dealt with the main prinerples, methods 
and techniques adopted there Dr W  Trautmann 
discussed his field experiences, and Dr W Lohmeyer 
assessed the value of aerophotography Piof R 
Tuxen stressed the ımportance of mapping potential 
vegetation, which ıs more advantageous m. forestry 
than the actual vegetation Dr K Walter spoke on 
introductory courses ın phytosociology held ım 
Stolzenau, and Dr A Wenzel explamed techniques 
in cartography employed there 

(b) Recent advances The advances made in recent 
years m phytosociology m various countries and the 
value of vegetation maps m related fields of science 
constituted the second topic of the symposium Dr 
A E Apmis (Nottmgham) stressed the relationships 
of soil micro-organisms to higher plants and the value 
of vegetation maps for the fundamental research m 
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soul microbiology Prof F Major (Davis, California) 
outlmed the basic approach to vegetation necessary 
for ther mapping on a scale of 2 in. to 1 mile, while 
Mr A. Miyawaki (Yokohama) dealt with the occur- 
rence m Japan of snow-patch communities similar to 
those of the European mountams Mr S Bertovic 
(Zagreb) described vegetation mapping m Croatia and 
m other parts of Yugoslavia, while Dr A O Horvat 
(Pecs, Hungary) presented a detailed map of forest 
phytocenoses of the Mecsek Mountains m southern 
Hungary, and Dr R Neuhausel (Brno) spoke on 
mapping natural vegetation in Moravia Mr I S 
Zonneveld (Sleeuwyk, Holland) explained the map- 
ping of both alluvial sous and vegetation m the tidal 
fresh-water area of the Rhme delta, combiming the 
direct field method with that of aerial photography 
Mr Domg Kraft (Wageningen) 15 usmg physiognomic 
characteristics m recording the unstable dune vege- 
tation near Harlem Dr J Tuxen (Stolzenau) spoke 
of the applieation of vegetation maps in solving 
problems in the historical investigation of rural 
landscape, while Prof J Schmithusen (Karlsruhe) 
emphasized the significance of vegetation maps of 
various scales in phytogeography and other related 
sciences, 

(c) Applications The variety of purposes to which 
the mappmg of vegetation may be applied was 
revealed by the followmg papers, which were illus- 
trated by a number of excellent large-scale maps 
Prof A Matuszkiewicz (Warsaw) spoke of develop- 
ments in phytosociological mapping m Poland and its 
present appheations The possibilities of ecological 
and phytosociological mappmg for applled purposes 
was discussed by Dr G Long (Montpelier) Prof 
P Fukarek (Sarajevo) outlined the application of 
vegetation maps m. the forestry work of Bosma and 
Herzogowma, and Prof M Wraber (Ljubljana) 
explamed the use of the general map on a scale of 
1 100,000 of potential natural vegetation of north- 
west Yugoslavia as a basis for re-afforestation work 
on the degraded Karst and Flysh areas The paper 
of Mr K Mraz and Mr V Samek (Prague) on certain 
problems on the cartography of vegetation and 
its applications in forestry was read by Prof R 
'Tuxen 

The mapping of vegetation 1s regarded as the best 
approach to solving problems of water relations in 
various plant communities On this aspect Prof H 
Wagner (Vienna) reviewed the mapping of vegetation 
for certam purposes ın connexion with hydroelectric 
works m Austria, while Dr K Meisel (Stolzenau) 
spoke on 1ts importance for the assessment of damage 
to vegetation due to wate: Dr P Seibert (Munich) 
showed the application of phytosociological mappmg 
of ‘Pupplinger Au’ near Munich to the water economy 
service there, and an assessment of damage due to 
salt water to meadows of the Werra Valley was given 
and 118 prevention planned on the basis of a vegeta- 
tion map deseribed by Dr B Speidel (Bad Hersfeld) 
According to Mr Th A de Boer (Wageningen) 
mapping of various grasslands m Holland has been 
combmed with soil mappmg to provide an efficient 
agricultural advisory service ın certam areas Prof 
L Steubing (Giessen) found the regular occurrence 
of certain grassland communities m areas where 
wind-break hedges are common The importance and 
practice of mapping Alpine grasslands in Oberengadin 
was demonstrated by Dr F Marschall (Zurich) The 
two last papers dealt with certam aspects of nature 
conservancy Dr E Preismg (Hanover) reviewed 
mapping of vegetation m relation to problems of 
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nature conservancy and landscape, and Mr P 
Tideman (Doorwerth, Holland) found direct mapping 
combined with aerial photography very useful m the 
management of the various protected areas in Holland 

Two decisions of general interest may be briefly 
mentioned (1) A permanent commussion was formed 
for the preparation of a vegetation map of Europe, 
with Prof RÈ Tuxen (Stolzenau) as chairman and the 
following members Prof J Braun-Blanquet (Mont- 
pelher) Prof L Emberger (Montpellier), Prof I 
Horvat (Zagreb), Prof A Nourfahse (Brussels) and 
Prof B Pawlowski (Cracow) (2) The following 
resolution was adopted for submission to Unesco and 
all the member Governments concerned ‘The vege- 
station of the Earth represents the vital productive 
potential upon which all life depends Therefore, the 
comprehensive study of vegetation ıs of the utmost 
importance, and foi this purpose the combmation 
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of ecological, phytosociological and cartographica] 
methods are required 

“The present-day methods of mapping vegetation 
greatly enlarge our fundamental knowledge of plant 
communities, their development and distribution as 
well as providing a deep insight into them environ- 
ments In applied phytosociology the mappmg of 
vegetation constitutes a solid basis for assessment of 
habitats, for utilization of vegetation, and for the 
evaluation, or even the forecasting, of any change or 
damage to vegetation by erosion, wind, water and 
othe: natural or human factors 

“It 1s suggested that no large-scale technical 
measures should be planned or carried out which 
may influence the vegetation or landscape without 
first mappmg the vegetation prior to the respective 
technical measures bemg put into effect " 

A E Apinis 


BIOLOGICAL FIBRES 


T 1s some time since the X-ray Analysis Group of 

the Institute of Physics has met to consider 
biological fibres, so that the conference m Leeds 
held durmg April 17-18, even if only partly de- 
voted to fibres, was very welcome It 1s, however, 
symptomatic of the present place of specialist tech- 
niques (even if they are as well established as X-ray 
diffraction) m such fields as the study of fibre struc- 
ture, and perhaps even more of the trend of develop- 
ment of the correspondmg specialist groups, that of 
the seven papers presented on this occasion only two 
could be classed as predommantly crystallographic 
in content, whereas m two others, which dealt 
respectively with infra-red absorption and the 
electron microscope, X-rays had no more than a 
casual mention That these other techniques aro 
now essential partners with X-ray diffraction m 
research on fibre structure was emphasized by the 
part they played m the other three papers  Never- 
theless, m this account attention will be confined 
chiefly to topics which are more closely associated 
with the nommal activities of the Group 

The successful study of the cellulose fibre by 
X-ray analysis set a fashion which is evidently, even 
after more than thirty years, not yet outmoded 
This fibre 1s still presentmg fundamental crystallo- 
graphic problems for mvestigation , for example, i6 
seoms still to be possible to argue about whether the 
cellulose cham molecules are all oriented 1n. the same 
sense, or form two antrparallel systems D W 
Jones and his colleagues (British Rayon Research 
Association) are non-commuttal about ıb m ther dis- 
cussion of cellulose I, but favour alternation m 
cellulose II Prof R D Preston (Leeds) suggests 
that ın cellulose I alternation is unlikely, basing his 
argument on the idea that growth 1s by end-synthesis 
His conclusion was, however, criticized m discussion, 
and also seems impossible to reconcile with the 
almost universal acceptance of alternation m cellu- 
lose II, although whether this 1s necessary or merely 
& convenient dogma is not at all clear It does seem 
reasonable to expect that, 1f cham polarity is of any 
significance at all, the same type of arrangement will 
be present m both modifications 


Another controversial feature is the type of hydro- 
gen bonding, about which there are two schools of 
thought respectively accepting or denyimg the 
presence of diagonal hydrogen bonds (specrfically 
perpendicular to the [101] normals m the Meyer and 
Misch cell) The orthodox, among them the Birtish 
Rayon Research Association team, agree with Meyer 
and Misch at least on this one pomt, that the hydro- 
gen bonds are parallel to the a-axis of the unit cell. 
Both schools have recently adduced infra-red absorp- 
tion results ın favour of them arguments, creating 
further confusion for the non-specialist 

Agreement does seem to be reached on one point, 
that there ıs more than one cellulose I structure, 
the eucellulose (Preston) or type A cellulose (Mar- 
iman and Mann) of Valoma must, one supposes, be 
cellulose J proper , ramie, the typical type B cellulose, 
is classed with most of the other plant fibres as 
yielding on hydrolysis, besides glucose, other sugais 
which are to be regarded as contammants 

Some fibrillar aspects of the fine structure of 
cellulose also recerved attention Preston believes 
that the microfibrils retam ther identity when sur- 
rounded by incrustants in the cell wall, and that 
their surface structure is in some way responsible 
for the electron diffraction patterns which he and his 
colleagues have obtained from metal-cellulose com- 
plexes 

The application of X-ray analysis to the problem 
of the structure of silk fibrom ıs nearly as old as its 
application to cellulose, and we have been accus- 
tomed for a long time to distinguish between the 
structures of the two principal silks of commerce, 
domestic and tussah It 1s now clear that these aie 
but two of a family of at least six fibroms produced 
by various members of the orders Lepidoptera and 
Araneae, the silks produced by some fifty species 
were examined by J O Warwicker (Shirley Institute, 
Manchester) to establish this A disturbmg observa- 
tion 1s that there appears to be no strict correlation 
between the crystallographic type of the fibrom and 
the biological classification of the producmg species 
Structurally, the fibroms differ m the separation of 
the hydrogen-bonded pleated sheets of polypeptide 
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chains, this distance may be as small as 93 A 
(Bombyx mort) or as large as 15 7A (Nephula senegal- 
ensis) In fibroms with the larger inter-sheet separ- 
ations amino-acid residues with long side-chains must 
occur in the crystallme regions In view of the 
importance of this idea, which has always been 
virtually rejected before in theories of fibroin struc- 
ture, further detaus of the relevant chemistry would 
be welcomed 

The cross-8 configuration, so extensively studied 
ın the keratin-myelin-elastin-fibrom group of fibrous 
protems, has always been something of a puzzle 
because of the difficulty of obtammg a good X-ray 
diffraction diagram That a solution of the prob- 
lem should now be given in terms of a structwe 
closely alhed to a fibrom rather than to keratin 1s one 
of those oddities which sometimes arise in fibre 
structure research K D Parker and K M Rudall 
(Leeds) have found, ın fact, a cross-8 fibrom in the 
egg-stalks of the lacewing fly , 16 gives a remarkably 
good X-ray diffraction pattern the interpretation of 
which leaves no doubt that the fibrom chain-molecules 
are arranged in long folds transverse to tho fibre- 
axis From this folded configuration the chains can 
be brought into the parallel-3 state by stretching the 
material to about six times its muitial length This 
change ıs regarded as a true intramolecular 
transformation like the «-§ transformation m 
keratin, but differs from the latter m that so far 
no success has followed attempts to reverse the 
change 
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Heavy-metal stamimg techniques are of great 
importance in electron microscopy, and are now 
being successfully employed m studies of the micro- 
fibrillar texture of keratm fibres Work 1s gomg on 
in various centres to correlate such electron muero- 
scope observations with the olde: X-ray results that 
mercury, for example, can modify the intensities of 
the equatorial ‘reflexions’ at approximately 80A, 
45A and 27A m keratn H J Woods (Leeds) 
reported that stammg with mercuric acetate also 
affects the wide-angle diffraction pattern, when cor- 
rections are made for increased absorption due to 
the metal In an attempt to account for the small- 
angle ‘reflexions’ m terms of a model of uniform 
miciofibrils 1+ 1s found that conventional Fourier 
transform methods for obtammg the radial dıs- 
tribution of interfibrillar vectors aie inapplicable, and 
the direct method of calculating the mtensity from 
an assumed radial distribution often results m a 
negative intensity Jn the discussion 1b was suggested 
that there might be a failure of the conventional 
theory for systems so nearly close-packed as those 
considered, but 16 now seems more likely that the 
difficulty 1s due to the fact that for such systems the 
radial distribution must be so nearly determined by 
geometry that the use of an arbitrary distribution 
may well be physically unsound J Sikorski em- 
phasized that the electron microscope results so far 
tell us only about the details m para-cortical cells , 
the size and packing of the microfibrils ın the ortho- 
cortex may well be different H J Woops 


THE SMITHSONIAN INSTITUTION 


REPORT FOR 1957-58 


HE report of the Smithsoman Institution for the 
year ended June 30, 1958", covers the 112th 
year of the Institution and includes the report of the 
Secretary and the financial report of the Executive 
Commutiee of the Board of Regents, together with 
reports of branches of the Institution and on the 
library and publications The Institution has now 
nearly 51 mullion catalogued objects m its collections, 
and visitors to all 1ts branches totalled more than 
10 36 million Field work durmg the year included 
the excavation of the Welcome Mound along the 
Ohio River m West Virgmia, continued field 
investigations of the bird-life of the Isthmus of 
Panama, and the mammal survey of Panama, a 
long-range programme designed to solve the strati- 
graphic sequence m the Glass Mountams, and 
extensive paleontological work in Oklahoma, Texas, 
New Mexico and Colorado 
Systematic researches by the staff of the Bureau 
of American Ethnology included Eskimo and arctic 
studies, field-work m South Carolina, among the 
New York Seneca and in Florida, and excavations at 
Russell Cave, Alabama ‘The director of the Bureau 
contmued also as director of the River Basin Surveys, 
which contmued its programme for salvage arche- 
ology in areas to be flooded or otherwise destroyed 


* Smithsonian Institution Report of the Secretary and Financial 
Report of the Executive Committee of the Board of Regents for the 
year ended June 30,1958 Pp x+282+14 plates (Washington, 
DO Government Printing Office, 1958 ) 


by the construction of large dams By June 30, 1958, 
254 surveys and excavations had been made m 
twenty-nme States and 4,889 archeological sites 
located, of which 997 had been recommended for 
excavation or limited testing; by the end of the 
year, 388 sites m fifty-two reservoir basins in nineteen 
States had been partly or extensively dug 

The Smithsonian Astrophysical Observatory con- 
tinued to work along the four principal lines of solar 
astrophysics, meteors, the satellite tracking pro- 
gramme and studies of the upper atmosphere, in 
which methods based on celestial mechanics were 
developed for inferrmg the density of the upper 
atmosphere from the motions of artificial Earth 
satellites, and a theoretical study of the nature and 
thickness of the lunar dust layer was completed Its 
Division of Radiation and Organisms contimued 
studies on photomechanisms in plants, with special 
emphasis on growth responses controlled by low 
levels of red and blue radiant energy Studies of the 
interaction of gibberellin, kmetin and cobalt with the 
photo-process indicate that there 1s no direct inter- 
action between red radiance and the added sub- 
stances, although all these materials modify the final 
growth response Studies were contmued on the 
effects of radiant energy on the biosynthesis of proto- 
chlorophyll in leaves of higher plants grown in the 
dark, and in a study of biochemical changes involved 
in the development and maturation of the chloroplast 
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of higher plants, some progress was made m isolating 
intact proplastids from leaves grown in the dark 
Good progress 1s reported m locating a site for a 
new building for the National Air Museum, to which 
193 specimens m 52 accessions were added during 
the year The National Zoological Parl, to which 
1,411 animals were added durmg the year, now 
totals 2,316 individual specimens, and visitors 
exceeded 4 milion, while those to the Canal Zone 
Biological Area totalled 570, of whom forty-three 
were scientists, students or observers usmg the 
station for scientific work, particularly m wild-hfe 
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observation, plant and insect studies and photo- 
graphy The International Exchange Service handled 
1,094,798 packages, mcluding 63 full and 43 partial 
sets of United States official publications m. exchange 
for official publications sent by foreign Governments 
for deposit in the Library of Congress The Library 
received 53,274 publications durmg the year, and 
arranged 128 new exchanges Its holding at the end 
of the year totalled 974,893, including 586,722 m the 
Smithsonian Deposit at the Library of Congress 
The report includes a list of the 81 new Smithsonian 
publications issued durmg the year 


EFFECT OF NITROUS ACID ON TOBACCO MOSAIC VIRUS: 
MUTATION OR SELECTION? 


By F C BAWDEN, FRS 


Rothamsted Experimental Station, Harpenden, Herts 


IERER and Mundry^? clam that treating 
preparations of tobacco mosaic virus or of its 
nucleic acid with nitrous acid en vitro causes mutations 
Indeed, they state that their experiments show that 
replacement of one single NH,-group by one OH- 
group n vitro can change the genetic character of the 
whole TMV-RNA molecule"? The genetical mph- 
cations of this statement are so great that, before 
accepting 1b, there 1s more than usual need to ensure 
that their experiments could have no other mterpreta- 
tion What therr results show ıs that, when tobacco 
mosaic virus 1s treated with nitrous acid. 1ts mfectiv- 
ity, as measured by the numbers of local lesions formed 
in one tobacco variety, Xanthi, decreases, while the 
number of necrotic Jesions produced m another 
variety, Java, inereases Xanthi forms necrotic 
local lesions with all the usual strains of tobacco 
mosaic virus, whereas Java forms them with only 
some and not with the type strain 
These results are ieadily reproducible Table 1 
shows two experiments with the Rothamsted type 
culture of tobacco mosaic vrus, m one, moculations 
were made to Xanthi and Java and in the other to 
ANacohana glutinosa L, which lke Xanthi gives 
necrotic local lesions with the type stram, and to 
Judy's Pride, a variety of White Burley, which, lke 
Java, does not The starting preparation, like those 
used by Gierer and Mundry, produced a few necrotic 
lesions on Java and Judy's Pride There is nothing 
unusual in this, for all bulk preparations of tobacco 
mosaic virus contain a mixture of strains However, 
this bemg so, 1t 18 obviously necessary to consider 
whether the change in behaviour of the preparations 
towards the different plants during inactivation by 
nitrous acid could simply reflect some form of selection 
from a mixed population of streams Guierer and 
Mundry state that this possibility 1s excluded because 
the total number of lesions produced on Java increases 
and not simply the ratio of lesions on Java to those 
on Xanthi They therefore conclude that the number 
of particles able to cause necrotic lesions on Java 
must have been increased by exposure to nitrite 
But must it ? Ther conclusion rests on the assump- 
tion that strains do not mteract and that one will 
always produce its characteristic effects regardless 
of how much of other strains is present 


Table 1 NUMBERS OF NECROTIC LESIONS PRODUCED BY DIFFERENT 
Nacotana SPECIES AND VARIETIES WHFN INOCULATED WITH TOBACCO 
MOSAIC VIRUS TREATED FOR VARIOUS TIMES WITH NITROUS ACID 





Numbers of necrotic lesions per leaf 











Time (hr ) Exp 1 Exp 2 
Xanthi Java N glutanosa | Judy's Pride 
00 300 05 350 2 
05 250 9 300 12 
1 122 24 210 20 
2 98 26 130 28 
4 33 12 60 38 
20 6 05 10 15 





Tobacco mosaic virus at 4 mgm /ml wasincubated with 1 Mf sodium 
nitrite and 0 25 M acetic acid at pH 4 1 for the times stated, when 
samples were diluted 1/10 ın gH 7 phosphate buffer and used as 
inocula Xanthi and N glutinosa give necrotic local lesions with the 
type strain of tobacco mosaic virus, Java and Judy’s Pride do not 


Table 2 NUMBERS OF NECROTIO LESIONS PRODUCED BY DIFFERENT 
Nicotiana VARIETIES AND SPECIES WHEN INOCULATED WITH MIXTURES 
OF TOMATO AUCUBA AND TOBACCO MOSAIC VIRUSES 

















Numbers of necrotic lesions per leaf 
Exp 1 Exp 2 

Inoculum N Judy's 

Xanthi| Java | glutinosa | Pride 
Aucuba alone 95 240 66 75 
Aucuba 1n TMV 20 mgm /1 130 180 128 60 
Aucuba ın TMY 200 mgm /1| 380 24 350 14 
Aucuba in TMY 2 gm /l 500 2 400 4 
TMV 2 gm [] alone 500 8 450 2 





The tomato aucuba mosaic virus was used at 10 mgm /] With the 
high concentrations of tobacco mosaic virus (TMV) the lesions on 
Xanthi and N glutinosa were too many to count accurately 


There ıs much evidence at variance with this 
assumption For example, ıt has long been known 
that infection of a plant with one strain of tobacco 
mosaic virus prevents other strams from producing 
them characteristic effects? and that adding type 
tobacco mosaic virus to inocula of strains that produce 
necrotic lesions in Judy’s Pride tobacco decreases the 
number of lesions they produce* One such strain is 
tomato aucuba mosaic virus, and Table 2 shows how 
mixing this with various amounts of tobacco mosaie 
virus can affect the number of necrotic lesions formed 
on Java and Judy’s Pride Decreasing the amount 
of tobacco mosaic virus reproduces the phenomenon, 
which m treatments with nitrite Gierer and Mundry 
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say can only be attributed to mutations, of decreasmg 
the numbers of lesions produced on Xanthi and 
N glutinosa while the numbers on Java and Judy’s 
Pride mcrease Numbers of necrotic lesions, however, 
do not tell the whole story, for mrxing aucuba mosaic 
virus with tobacco mosaic virus alters the type of 
lesion produced, especially on Java Aucuba mosaic 
virus alone produces distmetive, reddish-brown 
circles that may reach a diameter of 0 5 em None 
of the lesions recorded in Table 2 as formed by 
inocula, contammg the large: amounts of tobacco 
mosaic virus was of this type, but all were white 
spots and flecks of various sizes With smaller 
amounts of tobacco mosaic virus, the lesions were 
more variable , some were all white, but others had 
small reddish-brown centres, and some approximated 
to true aucuba type More of the last type occurred 
as the concentration of tobacco mosaic virus 
decreased 

Similarly, when mixtures contammg 4 mgm /ml 
tobacco mosaic viruses and 20 mgm /1 aucuba mosaic 
virus were diluted 1/10 m pH 7 phosphate buffer and 
inoculated to Java, only white lesions were formed, 
whereas a range of types was produced after meuba- 
tion with nitrite The first brown lesions to appear 
were small, but as the treatment contmued they 
became more typical of the aucuba type It is 
highly unlikely that adding aucuba mosaic virus to 
the starting preparation directed any mutations 
caused by nitrite towards characters peculiar to 
aucuba mosaic virus, and a more reasonable mter- 
pretation is that the residual aucuba mosaic virus 
became mereasmgly able to make itself evident 
as the concentration of infective tobacco mosaic 
virus decreased This interpretation does not demand 
that aucuba mosaic virus should be more resistant 
than tobacco mosaic virus to mactivation by nitrite, 
for the ability of the latter to obscure the presence of 
aucuba mosaic virus 1s not determmed only by the 
proportions of the two Concentrated tobacco 
mosaic virus will obscure proportionally more than 
will dilute virus, for example, whereas 2 gm [1 will 
obscure 20 mgm /l aucuba mosaic virus, 0 2 gm [1 
will not necessarily mask 2 mgm /1 

The fact that the obscurmg ability of tobacco 
mosaic virus mcreases with mereagsing concentration 
may simply reflect one aspect of the well-known 
interference phenomenon, that mfection by one stram 
makes cells resist infection by others The more 
concentrated the tobacco mosaic virus, the more 
epidermal cells ıt will fect at inoculation and the 
fewer there will be for aucuba mosaic virus to multiply 
m unhindered Indeed, the range of local-lesion 
types m Java produced by mixtures of the two may 
mean only that, ın different parts of the leaf, different 
proportions of cells contan, one or other of the two 
strains However, 1t ıs equally possible that there 
are other mteractions between the strams as they 
multiply, leadmg, perhaps, to genetic recombmations 
or phenotypic muxmg This could be decided only 
by isolating the viruses present m different lesions 
and testing their behaviour when transmitted to a 
range of plants Whatever may be the mechanisms 
of the mteraction between strains, there 1s no doubt 
that strains able and unable to cause necrotic lesions 
in Java tobacco do interact and that this interaction 
affects both the quantity and quahty of lesions 
produced The expermment recorded ın Table 2 
shows fewer local lesions on Java when aucuba 
mosaic virus was mixed with tobacco mosaic virus 
than when moculated alone, but the mrxtures some- 
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times produced more lesions, though no lesion was 
then of the aucuba type and all were white spots, 
rmgs or flecks Obviously the interactions are com- 
plex, but the fact that they occur makes the counts 
of necrotic lesions produced by mixtures of strains 
valueless for mdieating the numbers of particles pres 
ent that are intrinsically able to cause necrosis m Java- 
There seems no reason to look further for an explana- 
tion of the action of nitrite ın mcreasing the numbers 
of lesions produced by tobacco mosaic virus m Java 
than that, as the concentration of particles unable 
to cause necrosis decreases, so they interact less with 
those able to cause necrotic lesions 

The phenomena that suggest mutation come from 
interactions between infective particles , but there 1s 
also an interaction between virus mactivated by 
nitrite and active virus Inactivation by nitrite 15 an 
effect on the nucleic acid, and mactivated virus 
particles stil retam them physical and serological 
properties, as do those mactivated by ultra-violet 
radiation Like virus mactivated by ultra-violet 
radiation®, and like the protein produced when virus 
particles are disrupted by alkali’, nitrite-mactivated 
virus mhibrts mfection by active particles, and the 
presence of 0 4 mgm /ml of such mactivated virus will 
halve the number of lesions produced by tobacco 
mosaic or aucuba mosaic virus at 10 mgm/1 This 
mhibit;on could affect measurements of mactivation 
rates, for as the amount of mactivated virus creases 
so 16 will creasingly mhibit infections by the residual 
infective virus, the amount of which will thereby be 
mereasingly under-estumated and preparations will 
cease to infect while they still contam potentially 
infective particles The virus protein is likely to be 
responsible for the mhibition, so tests with nucleic acid 
preparations are probably free from this complica- 
tion , 16 was with these that Mundry and Gierer? found 
that mactivation follows first-order kinetics Their 
conclusion that changes m single NH,-groups cause 
mutations derives from the observation that the 
numbers of necrotic lesions produced on Java at 
first merease hnearly with tıme, but this need 
mean httle more than that the domunating stram. in 
their starting preparation mactivated accordmg to 
first-order kinetics That ther starting preparation 
did contam strains already able to cause necrosis m 
Java 18 clear, and that these were mteractmg with 
other strains 1s strongly suggested by the fact that, 
when. diluted 1/10, the number of necrotic lesions on 
Xanth fell to one-fifth whereas the number on Java 
was only halved 

The isolations Mundry and Gierer? made from single 
local lesions in Xanthi also show their starting prepara- 
tion was mixed Most of the isolates made from 60 
lesions produced by nucleic acid after 90-mun. 
exposure to nitrous acid differed from type tobacco 
mosaic virus, whereas only l out of 65 isolates made 
from the starting preparation was obviously different 
This fact they advance as further evidence that 
nitrite caused mutations, but as the treated prepara- 
tion had lost more than 99 per cent of the initial 
infectivity, 99 times as many lesions should have been 
sampled from the untreated as from the treated 
preparation to make a proper comparison Had 
6,000 lesions been sampled, there 1s every reason to 
think that more than 100 isolates differing from 
tobacco mosaic virus would have been found, for the 
fact that one was identified for certain from 65 lesions 
suggests that at least 2 per cent of the particles 
in the starting material differed from type tobacco 
mosaic virus 
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I have made no tests to see whether different 
strans differ m the rate at which they are activated 
by nitrite, but itis to be expected that they will, 
for strains have been found to differ m thew sus- 
ceptibility to mactivation by most other treatments 
The obvious place to look for resistant strans 1s 
among those that survive at the tail end of an macti- 
vating treatment, and all that ıs needed to explam 
the preponderance of variants after exposure to 
nitrite 1s to postulate that strains differ in their rate 
of mactivation That the isolates when propagated 
contmued to show them characteristic differences 
from type tobacco mosaic virus is teresting, but 
has no relevance to the problem of how they came to 
be genetically different from the type virus Mutations 
no doubt reflect chemical changes in the nucleic acid, 
and there ıs no a prior? reason why changes produced 
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wm vitro should not affect the genetic behaviour of 
viruses, but to attribute mutations to such changes 
reqmres more than demonstrating that the ond- 
products of an mactivatmg treatment differ ın 
behaviour from the bulk of the starting materal, 
1t requires demonstrating that chemical changes 
produced ın vitro are perpetuated in the progeny 
of the particles 

I am mdebted to Dr A Gherer for providmg me 
with seeds of the tobacco varieties Xanthi and Java 


1 Gierer, A , and Mundry, K -W , Nature, 182, 1457 (1958) 
2? Mundry, K -W , and Gierer, A , Z Vererbungslehre, 89, 614 (1958) 


? Thung, T H, Z Ned -Indisch Natuurwetensch Congr Bandoeng, 
Java, 450 (1931) 
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ê Bawden, F C ,and Kleczkowski, A ,J Gen Microbiol ,8,145 (1953) 
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CHARACTERS ASSOCIATED WITH PARASITISM IN 
GRAM-POSITIVE BACTERIA 


By Dr. K A BISSET 


Department of Bacteriology, University of Birmingham 


HE concept of parasitism m bacteria has been 
overshadowed by the more immediate problems 
of pathogenesis, so that, m standard bacteriological 
literature, the words parasite and pathogen are 
treated as if they were synonymous, and harmless 
paiasites are maccurately designated commensals 
Parasitism, properly so called, is common among 
bacteria, especially of the Gram-positive group, and 
16 18 the purpose of this article to indicate certam 
interesting conclusions that are derived from a con- 
sideration of the characters associated with its 
occurrence 
Many members of the Gram-positive group are 
not, ın fact, Gram-positive m their staming reactions, 
but nevertheless bear so close a resemblance to the 
other members of the group m every other respect 
that they must be considered to have lost this charac- 
teristic secondarily In very many mstances, these 
are parasitic representatives of mamly free-hvmg 
familes An obvious example is Newseria, & genus 
consisting of obligate parasites, many of which have 
lost all trace of Gram-positivity, while retaming 
characters of morphology, metabolism, antibiotic 
sensitivity, etc , that mdicate a relationship with the 
Coccaceae (Their description as obligate parasites 
refers to them normal mode of hfe, and does not 
exclude the possibility of growth 1n artificial culture ) 
A second important character associated with 
parasitism 1s anaerobiosis So far as I am aware, all 
truly Gram-negative bacteria are aerobic, the so- 
called Gram-negative anaerobes, such as Veillonella, 
Fusobactervum or Bacterowdes, have obvious affiliations 
with Gram-positive families, and these also are 
obligate parasites This combmation of characters 
1s well known 1n the facultatively parasitic clostridia, 
many of which are very weakly Gram-positive, 
whereas the aerobic, spormg bacilli, few of which are 
parasitic, are strongly Gram-positive Anaerobiosis 
without loss of Gram-positivity 1s found ın the 
parasitic Actinomyces The streptococe: would serve 
as examples, in view of their lack of catalase, but most 
species are aerobic by virtue of their msensitivity 
to hydrogen peroxide 


The third character associated with parasitism m 
Gram-positive bacteria, as indeed ın animals and higher 
plants also, 1s loss of structural complexity , although 
the bacteria are exceptional m that they commonly 
undergo a reduction in the organs of distribution 

Thus, m respect of these various characters, there 
is quite often found to exist a series of forms con- 
necting a Gram-positive, aerobic saprophyte of com- 
plex morphology, with a Gram-negative, anaerobic 
parasite of sumple morphology 

(A) The free-living sarcimae are large and strongly 
Gram-positive, they are aerobic, and include repre- 
sentatives which, by virtue of their possession of 
flagella and spores, attest & recent common origm 
with the spormg bacilli. The facultatively parasrtic 
mierocoeci and staphylococe: are Gram-positive and 
aerobic, but smaller and devoid of flagella and spores 
The parasitic Newsseria are aerobic, but Gram- 
variable or negative , and the Veilonella, m addition 
to these characters, are anaerobic and very small 
1ndeed 

(B) The free-living streptomyces are large and 
strongly Gram-positive, they are aerobic and they 
branch and sporulate very freely The large oral 
leptotrichia are aerobic and Gram-positive, they 
branch freely and form very occasional chams of 
spores! The classical type of Lepiotrichia buccalis 
is microaerophilic and Gram-variable, ıt branches 
rather rarely and does not appear to form spores! 
Fusobacteria resemble L buccae very closely m 
general morphology, but are very small, Gram- 
negative, anaerobic and do not branch All the last 
three are obligate parasites, but they are progressively 
more difficult to cultivate, in the order given The 
origin of the anaerobic, Gram-negative Bacterordes, 
which bears some resemblance to the fusobacteria, 18 
probably sumular 

(C) The true Actinomyces (a genus of oral parasites 
typified by A bovis) resemble Macromonospora m 
their mam morphological features, but are anaerobic 
or mieroaerophihe and structurally degenerate? 

If the conclusions arismg from these observations 
are valid, ıt would appear that the great majority of 
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parasitic bacteria of the Gram-positive group are 
descended from more complex, free-livmg ancestors 
This 1s, of course, a biological commonplace, but 
systematic bacteriology has not yet fully recovered 
from the effects of placmg a very undue emphasis 
upon the taxonomic characters of those common 
pathogens, usually members of parasitic genera, 
with which the majority of bacteriologists are, or 
previously weie, most closely acquamted, without 
taking into consideration the possibility of such 
tendencies as have just been described 

The suggestion that structurally complex Actino- 
mycetes are ancestral to simpler forms, and even to 
coco, 1s not new! , but former hypotheses of this type 
have tended to suggest the sort of relationship that 
exists between the mycelial and oidial fungi, rather 
than a progressive degeneration of structure, associated 
with anaerobiosis or loss of Gram-positivity, and 
sometimes with both 

It 18 not, however, easy to understand how these 
bacteria are able to dispense with the production of 
catalase and of the nucleic acids of the Gram-complex', 
which appear to be essential, or very advantageous, 
to their free-lrving counterparts In the case of the 
bowel-dwelling forms, 1t 1s possible that therr environ- 
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ment protects them against free oxygen , but whereas 
neither Clostridium, Bacteroides, ‘Lactobacillus bifidus’ 
nor Streptococcus faecalis produces catalase, the truly 
Gram-negative intestinal bacteria do so in every case 
Nor 1s the alternative explanation, that the anaerobes 
of the mouth, for example, live m such close associa- 
tion with large numbers of other bacteria as to 
profit from ther catalase production or oxygen 
utilization, any more satisfactory, since the o1al flora 
consists very largely of anaerobes or non-catalase- 
produemg aerobes, such as streptococe: and lacto- 
bacilli The animal tissues themselves are the only 
probable source of the enzyme 

The significance of the loss of the Gram-complex 
in sO many parasites 1s almost beyond speculation, 
but 16 18 at least possible that ıt mdicates the avaal- 
ability, in an elaborate form, of nutrients, with the 
synthesis of which from simpler materials these 
nucleic acids are concerned, under less-favourable 
conditions 


1 Baird-Parker, A C, and Davis, G H G J Gen Mirobwl, 19 
446 (1958) 
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*Viscentini, F , “Bacteria of the Sputa and Oryptogenic Flora of the 
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DEVELOPMENT OF TRYPANOSOMA VIVAX TO THE INFECTIVE 
STAGE IN TSETSE FLY TISSUE CULTURE 


By Dr WILLIAM TRAGER 


Rockefeller Institute, New York 21 


RU in the woik on trypanosome diseases of 
man and animals in Africa, ıt was found! that 
cultures of trypanosomes could be obtamed quite 
readily in blood agar media moculated with mfected 
blood and meubated at temperatures of 25-30° C 
But'at the same time came the disturbing finding 
that such cultures lost ther mfectivrty as soon as 
they began to growl? What was happening soon 
became clear in the cultures there developed only 
the so-called midgut forms of the trypanosomes, the 
same forms which develop m the midgut of an 
infected tsetse fly and which Bruce? had shown to be 
non-infective to the mammalian host In a suitable 
tsetse fly, however, the trypanosomes migrate to the 
salivary glands and proboscis, where they become 
transformed into mfective forms Recently, Wem- 
nan? reported m a prelimmary way that he had 
produced infection in mice with two cultures of 
Trypanosoma rhodesiense mamtamed in a medium 
with trehalose (concentration not stated) With this 
exception, infective forms of the African trypano- 
somes have not previously been obtamed in culture 
It seemed possible that these metacyclic forms might 
develop ın vuro m the presence of surviving or 
growing tsetse fly tissue 

The gonads of female lepidopterous larve aro the 
only msect tissue that has up to now given out- 
growths of cells at all comparable to those obtamed 
with vertebrate tıssues®!-8 Although mosquito 
tissues survived en vtro sufficiently well to support 
the growth of western equine encephalitis virus’, 
they did not produce cellular outgrowths, nor have 
such outgrowths been obtamed with tissue from 
other dipterous msects The cultivation of tsetse fly 


tissue was therefore a problem of considerable 
intrinsic terest, quite apart from 1ts bearmg on the 
developmental cycle of trypanosomes It 1s the pur- 
pose of the present brief report, however, to relate 
only the main results of the experiments dealing with 
the production of mfective trypanosomes n vitro 
The complete details of these experiments, together 
with full mformation on the tsetse fly tissue cultures, 
will be reported elsewhere 

Tissues of the fly Glossina palpalws were obtamed 
from pups or young adults free from extraneous 
bacteria  Pups of known age (sent to me from the 
Kaduna Laboratory of the West African Institute for 
Trypanosomiasis Research through the kindness of 
Mr W MacDonald) were sterilized externally in 
White’s solution (mercuric chloride, 0 25 gm , sodium 
chloride, 6 5 gm , hydrochloric acid, 125 ml, 
ethanol, 250 ml ; distilled water, 750 ml ), rmsed in 
sterlle water and dried on sterile filter paper ın a 
Petri dish Such pupe, 1f kept for the required time 
in sterile vials with sand, produced bacteria-free 
adults The pupz or adults were dissected aseptically 
in a drop of culture medium Fragments of tissues 
were explanted either im hangmg drops or m a thin 
layer of fluid (0 3 ml) on the bottom of a Porter 
flask closed with a silicone rubber stopper 

The culture medium (Table 1) supported imutial 
outgrowths from, and differentiation of, several kinds 
of tsetse fly tissue In one type of outgrowth, mitotic 
division of the cells was seen To obtain cultures of 
trypanosomes, however, tissues were used which 
hved ın vro but showed lmuted or no outgrowth 
These tissues were the alimentary tract and salivary 
glands of a late pupa or a newly emerged fly Toa 
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Table 1  PREPARVTION OF THE CULTURE MEDIUM 
Solution A* mgm /100 mI 

NaCl 90 

KCL 300 

NaH.PO, H,0 110 

MgSO, 7H:0 370 

a Cl, 80 

Glucose 150 

Trehalose 50 

1-Mahe acid 50 

a-Ketoglutaric acid 25 

Suceinic acid 5 

Lactalbumm hvdrolysate 1,000 

Yeast extract (‘Difco’) 200 


* Based in part on work of Wyatt (ref 7) and Grace (ref 8) 

Ingredients were dissolved in water redistilled in a ‘Pyrex’ glass 
still pH was adjusted to 68 with 10.N NaOH The solution 
sterilized through a ‘Selas’ 03 porcelain filter 


Solution Bt mgm /10 ml 
Reduced glutathione 200 
Ascorbic acid 2 


T Sterilized through ultrafine glass filter 


Final mature Mix 8 ml of solution 4, 2 ml sheep serum, 0 5 ml 
solution B 

In 1 ml of the above mixture in a centrifuge tube, crush gently two 
sterilized 12-day-old pups of G palpahs Centrifuge 15 min at 2,000 
rpm The supernatant with the re-suspended fatty layer at the 
surface constitutes the culture medium 


hangmg-drop culture was added a minute drop of 
blood or trypanosome concentrate from an infected 
animal Continuous culture was achieved of all three 
species of trypanosomes tried Trypanosoma brucer, 
T congolense and T wvax 

The most interestmg results were obtamed with 
T vwax, a species never before cultured and which, 
m the tsetse fly, omrts the midgut phase and develops 
directly to the infective forms m the proboscis A 
first attempt at cultivation of this species m fy tissue 
culture, usmg washed trypanosomes from a heavily 
mfected sheep, gave a negative result In the second 
attempt, the only sheep showing trypanosomes on 
that day was one, infected by fly-bite nine months 
previously, which had survived the acute mfection 
and now occasionally showed small numbers of 
organisms in the peripheral blood A concentrate 
from this blood, m which only one trypanosome 
could be seen per low-power field, was moculated to 
fly tissue cultures prepared two days previously 
Two days later ıt was noticed that the temperature 
of the incubator (set for 28° C) had gone up to 
30°C At this tıme largo syncytial multiplymg forms 
of trypanosomes were seen in the tissue cultures 
From these a stram was established and mamtamed 
m. tissue culture for three months It was discon- 
tinued only because the work was brought to a close 
Soon after 1ts establishment the stram was success- 
fully transferred to blood agar slants and 1s still being 
maintamed in this way Later experiments then 
showed that T vwar could be started in culture 
only by followmg the conditions which had occurred 
quite fortuitously the first time, that is, using blood 
from the sheep with a long-standmg chronic mfection, 
moculatmg the concentrate of trypanosomes to tissue 
cultures two days old, and—very important— 
ineubating these at 30-32° C, not at 27-29° C 
Once started, the cultures can be kept equally well 
at either the lower or the higher temperature, but 
they have mostly been kept at the highei tem- 
perature 

Four strams of T vwax ın tissue culture have been 
begun, three from the origmal sheep and a fourth 
from a new infection m & sheep moculated with 
blood from the original sheep The first two culture 
strams have been studied ın some detail There were 
present m the cultures numerous forms morpho- 
logically indistmguishable from the classical mfective 
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forms of T «wax as seen m the proboscis of the 
tsetse But five sheep moculated repeatedly with 
such material and followed foi more than a month 
failed to show trypanosomes in the blood Two of 
the sheep did have a fever, one on the eighth and 
the other on the ninth day after intravenous mocula- 
tion of culture material, but no trypanosomes could 
be found 

Ii was then decided to test the ability of the 
trypanosomes in fly tissue cultures to survive at 
body temperature, which ıs lethal to the usual culture 
of trypanosomes on blood media A three-day-old 
hanging-drop subculture of strain 2 of T vwao, m 
culture for six weeks, was placed in a Jar immersed 
m a water-bath at 38* C On the followmg day the 
culture presented a mass of very active trypanosomes 
The material was inoculated intravenously into a 
sheep Exactly one week later, scanty trypanosomes 
wero present in the blood of this sheep They were 
readily identified as T vuax The sheep was positive 
again on the following day, with about three trypano- 
somes per field This sheep first showed fever (105° F ) 
on the nmth day, the only day of fever ıt has had 
At this time no trypanosomes could be found, and 
it has since remamed negative except for the thir- 
teenth day (1 trypanosome m 150 fields) and the 
eighteenth day (1 trypanosome m 40 fields) Thus, 
transmission from culture was accomplished 

Attempts at repetition of this success were im- 
mediately instituted An mterestmg finding was that 
whereas some tissue cultures of T vwax showed 
mostly dead or sluggish organisms after exposure to 
38° C, others were very active, hke the culture 
which produced infection A clean sheep raised at 
the laboratory was moculated with a culture of T 
vwaz which had numerous active trypanosomes after 
the one day at 38° C This sheep showed a positive 
blood film and had a fever on the seventh day after 
inoculation 

These two successful transmissions from culture 
make ıt certam that a reproducible method ıs now to 
hand for obtamung infective T vvax wm vuro This 
makes possible a detailed study of the factors 
responsible for the acquisition of the mfective state 
by trypanosomes, a matter of significance far beyond 
its immediate application m the field of trypano- 
somuasis The relatively hght infections which seem 
to have followed the inoculation of cultured T vwar 
suggest the possibility of the development of a 
practical method for immunization against the 
parasite, using attenuated but imfective cultures 
This possibility requires and deserves much further 
investigation. 

The work summarized m the foregomg report was 
done while I was a visttmg mvestigator at the West 
African Instrtute for Trypanosomuasis Resear ch, and 
I thank Dr T A M Nash, director of the Institute, 
and Dr R S Desowrtz, m charge of protozoology 
there, for ther kind mvitation to work m their 
laboratories and for the facilities extended to me by 
them and their staff Travel to Africa was made 
possible by & grant from the Rockefeller Foundation 


*Thomson, J G , and Sinton, J A, Ann Trop Med Parasitol , 6, 
331 (1912) 

* Tobie, E , J Parasitol , 44, 241 (1958) 

` Bruce, D , Hamerton,A E Bateman,H R ,and Mackie, F P , Prec 
Roy Soc, B, 83, 513 (1911) 

1 Kleine, F K , Deut Med Wehnschr ; 95, 1257 (1909) 

5 Wemman, D , Trans Roy Soc Trop Med Hyg , 51, 560 (1957) 

‘Trager, W , J Exp. Med , 61, 501 (1935) 

? Wyatt, S 8,J Gen Physwl , 89, 841 (1956) 

* Grace, T , J Gen Physwl , 41, 1027 (1958) 

° Trager, W , Amer J Trop Med ,18, 387 (1938) 


B A 32 


NATURE 


184 


September 5, 1959 vo. 


LETTERS TO THE EDITORS 


GEOPHYSICS 


Disturbance in the lonospheric F-Region 
following the Johnston Island Nuclear 
Explosion 


ACCORDING to the newspaper reports, American 
scientists exploded hydrogen bombs near Johnston 
Island on August 1 and 12, 1958, at heights of 160 km 
and 100 km The Apia magnetic iecords (Lawrie, 
J A, and Gerard, V B, private communication) 
give times as 10 50 and 10 30@ ur Some geophysical 
aspects of these explosions have been discussed by 
Culington! and Kellog et al? 

Here we will describe one of the effects on the 
ionospheric F-region We have 10-min recordings 
over the period of the first event and 2-min recordings 
over the period of the second event 

Prior to both events, 1onograms at Rarotonga 
showed the normal undisturbed mght F-region 
On August 1, the 1onograms 40 min after explosion 
(zero plus 40 mm ) showed a great increase mmaximum 
electron density, and 10 min later this had exceeded 
the recording hmut of the machme In the next 40 
mri the electron density decreased rapidly and at zero 
plus one hundred there was no trace of the normal 
F-region, but above ıt at a base height of 560 km 
was seen a layer the maximum electron density of 
which was roughly one quarter of the normal P'-value 
The increase at the maximum phase was to at least 
seven timesnormal Another interesting characteristic 
was the gradual drop of fifty kilometres ın height as the 
ionization decayed Fig 1 1s a schematic diagram 
deduced from the 1onograms 

On August 12, the disturbance m the F-region took 
longer to reach Rarotonga and was much less severe 
A detailed true height analysis of these records con- 
firmed the form deduced for the first event and ensured 
that no significant phases were missed We will discuss 
only the first event 

In order to gain a better picture of the physical 
process we exammed also the 1onograms for Christ- 
church, 44°S, and Campbell Island, 58°S, and, 
through the courtesy of J A Lawrieand V B Gerard, 
the magnetic vectors which they had prepared for 
Honolulu, Palmyra Island, Fannmg Island, Jarvis 
Island and Apia 

A characteristic movement among the magnetic 
vectors was identified with the passage of the F- 
region disturbance The times of passage of the 
disturbance at the eight stations were then plotted 
against distance from the pomt of explosion (see 
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Fig 2 A, Curve of delay times versus distance in degrees 
Observation sues a, Palmyra Island, b, Honolulu, e, Fanning 
Island, d, Jarvis Island, e, Apia, f, Rarotonga, g, Christ- 
church, A, Campbell Island Places where observations possible 
1, Mau, 2, Adak, 3, Guam, 4, San Francisco, 5, Kokubuny, 


6, Akita, 7, Wakkanal, 8, Townsville, 9, Yamagawa, 10, 
Brisbane, 11, Okinawa, 12, Baguio, 18, Hobart 
B, Deduced velocity curve 
Figure 2A) The pomts he well on the smooth 


curve except for Jarvis This Station ıs on the dip 
equator, and there 1s reason for supposing that the 
time of its vector ıs advanced by several mmutes. 
The corresponding velocities are shown m Fig 2B, 
values are only approximate because of lmmited data 
and time resolution 

The assumption made m drawmg this smooth curve 
1s that the velocity of propagation ıs mdependent of 
direction relative to the Earth's magnetic field 
Attempts were made to reconcile the tame delays with 
a field-dependent velocity but no reasonable pattern 
emerged It seems, then, that the xonospherie disturb- 
ance 1s & by-product of a gaseous wave which 1s propa- 
gated at a velocity considerably above that of sound 
For convenience we will refer to ıt as a shock 
wave 

It ıs not possible to account for the high value of 
electron density and its spatial distribution over 
Rarotonga merely by compression or even by the 
collection of all the electrons between Johnston 
Island and Rarotonga  Restramt by the Earth's 
magnetic field of the motion of charged particles 
precludes electrons commg from the nuclear event 
itself Together with the complete disappearance of 
electrons after the disturbance, and the general 
appearance of the 1onograms, these facts mdicate 
electron production in the disturbance We postulate 
lonization by collision and subsequent removal by 
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Fig 1 The spatial form of the ionospheric disturbance as deduced from the Rarotonga lonograms for the event of August 1 
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attachment or re-combmation m a region of relatively 
high gas pressure 
However, ıt does not seem possible that the main 
body of the gaseous shock wave travels m the region 
where the ionospheric disturbance 1s observed 
(200-550 km height), for the compression ratios 
of a shock wave of this velocity are insufficient to 
produce the observed ionization, and, moreover, 
there 1s not enough gas at this level to explain the 
extended front The apparent velocity at Campbell 
Island ıs below the velocity of sound at F'-region 
height, while the characteristic form of the disturb- 
ance 1s maintained (increase in electron density with 
subsequent decrease in both density and height— 
no complete electron removal at this distance) 
Instead of a simple shock, we seem to have a super- 
sonic surface wave of vertical extent much less than 
the wave-length, and the very high compression ratios 
produemg the observed ionization are on its upper 
boundary We do not feel competent at present to 
discuss this wave further 
As will be seen from Fig 2 A, many ionospheric 
stations are m regions where they may have recorded 
the characteristic movements associated with the 
wave Here is an ideal opportunity for mternational 
co-operation m an important study on atmospheric 
properties 
This work will be reported more fully in the N Z 
Journal of Geology and Geophysics 
C H. CUMMACK 
S G A M Kine 
Geophysical Observatory, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand 
May 28 
1 Cullington, A L, Nature, 182, 1365 (1958) 
$ Ke J, Ney, E P, and Winckler, J R , Nature, 183, 358 


Geomagnetic and lonospheric Phenomena 
associated with Nuclear Explosions 


NucrEAR explosions at high altitudes were carried 
out at Johnston Island (geographically 16 7? N, 
169 4° W , geomagnetically 14 3° N , 256 5° E ) at 
1050 awT on August 1 and at 1030 amr on 
August 12, 1958! Aurore associated with these 
explosions were observed on both days at Honolulu? 
and Apia? Apia aurore on August 1 have been 
discussed by Cullmgton?, Fowler e£ al *, Kellogg et al 5 
and Eliot ef al* In this communication geomagnetic 
and ionospheric effects associated with these events 
are described from the International Geophysical 
Year obtamed at various stations m the Pacific area 
and the American contiment 

Immediately after the explosions, magnetograms 
showed sudden unusual variations at five stations m 
the central Pacific—Honolulu, Palmyra Island, 
Fanning Island, Jarvis Island and Apa The 
variation at Honolulu had the form of an intense bay 
disturbance The variation at the other four stations 
was somewhat like an unusually short-period magne- 
tic storm (about 1 hr ) with a sudden commencement 
Moreover, the sudden commencement at Apia showed 
an mutial short reverse 1mpulse (SSC*) as reported 
by Culhngton? These geomagnetic effects occurred. 
similarly for both events, although the magnetic 
storm on August 12 was smaller than that on August 
1, probably due to the lower explosion height 

These associated geomagnetic storms mdicated 
that counterclockwise circular electric currents were 
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formed m the viemity of Johnston Island mme- 
diately after the explosion, due to the dynamo effect 
caused by winds of charged particles which moved 
radially outward from the centre of the explosion 
In other words, if the wind velocity due to the 
explosion m the 80-100 km level became of the order 
of 100 m/s and the electrical conductivity mcreased 
by the order of 10 times due to high-energy particles 
and X-rays, the associated counterclockwise electric 
currents in the viemuty of Johnston Island would 
have been sufficient to give the observed magnetic 
variations even at places 1,300-2,200 km distant, 
such as Honolulu, Palmyra, Fannmg and Jarvis 
Islands The geomagnetic effects observed at Apia 
could have resulted from these circular electric cur- 
rents and an morease of the electrical conductivities m 
the 80-100 km level caused by -decay electrons com- 
ing along magnetic lines of force from Johnston Island 

The maximum geomagnetic change at Honolulu 
occurred around the time at which a shock wave 
from the explosion arrived at Maui, as mentioned 
below It ıs possible, therefore, that there was an 
additional effect mereasmg the mtensity of the 
electiic currents just at the moment when the shock 
wave bit This could have been causéd by a dynamo 
effect resultmg from the shock wave 

At the Maui Ionospheric Station m the Hawauan 
Islands a sudden merease of fmi (the minimum 
frequency of the observed iadio echo) was observed 
at 10 50 22 C 7GwT on August 1 lasting several 
munutes, and again at 10 30 3747 GMT on 
August 12 for a few munutes These changes were 
similar to & solar flare effect However, smce they 
occurred during local night, they must have resulted 
from the explosions Probably they were caused by 
ionization in the D-region by X-rays from the blasts 

On August 1 a pecuhar oblique echo began at 
Maui 13 mun after the explosion and lasted until 
ll 12 emrt, when it was completely blanketed by 
increased ionization in the D-region This phenom- 
enon may have been due to a shock wave caused 
by the explosion A no-echo phenomenon, called a 
‘blackout’, began at 11 12 37 -4+76mT, about 22 
min after the explosion, and continued until 13 20 
aut Durmg this tme a fant F-echo occasion- 
ally appeared After 13 20 emt the F2-layer 
gradually appeared and recovered to normal 

At Maui, between 10 56 aw T and 10 59amtT 
on August 12, both the height and the critical fro- 
quency of the F-layer decreased abruptly At 
ll 03 @™mT a stratification appeared in the 7Z-layer 
and showed an unusual sequence of changes This 
sequence indicates that an irregular ionization m the 
F-layer, caused by a shock wave from the explosion, 
was propagated horizontally over Maui from the 
direction of Johnston Island The estimated speed of 
the shock wave 1s about 0 9 km /s for this event, and 
13 km/s for the event on August 1 The wave 
motion created repeated irregular 1onizations in the 
F-layer until a blanketing occurred A blackout 
occurred at 16 00 amv, 5 hr 30 mm after the 
explosion, and lasted 2 hr Even after that time there 
was severe absorption until 5 00 G wr on August 13 
The behaviour of the 10nospherie storm of August 12 
was in general sunilar to the i0nospherie storm of 
August 1 On August 12, however, the onset of the 
blackout was slower and the duration of the radio- 
wave absorption was much longer, m spite of a smaller 
geomagnetic effect The lower explosion height and 
the daytime onset of the blackout on August 12 may 
have been responsible for these differences 
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Rarotonga also showed explosion effects in the 
ionosphere for both events However, other 10no- 
spheric stations—Adak, San Francisco, Washington, 
White Sands, Huancayo, Godley Head and Okinawa 
—did not show any certam explosion effects Accord- 
ingly, 16 1s concluded that direct-explosion effects on 
the ionosphere and the geomagnetic field occurred 
over an area m the central Pacific, roughly the region 
170° E -150° W and 40° N-22° S8 Radio signals 
from Honolulu (10 and 15 Mc/s) and from San 
Francisco (13 75 Mc /s) received in Japan showed 
sudden drops? after both explosions These were 
due to radio absorption in tha; central Pacific region 

From the present study of these geomagnetic and 
1onospheric effects, the explosion height 1s estimated 
as 70-80 km on August 1, and about 40 km on 
August 12, although the New York Times sunply 
reported it as 100 miles on August 1 and lower than 
that on August 12 

In addition, three other nuclear explosions that 
oceurred in the south Atlantic on August 27, 30 and 
September 6, 1958, at about the 480-km level, were 
considered No remarkable geomagnetic and 10no- 
spheric effects directly associated with these blasts 
could be detected ın the normal magnetograms or 
i0nograms 

Full details of this work will be published ın the 
Journal of Geophysical Research I wish to express 
my thanks to Dr W O Roberts and Mr A H 
Shapley for their kind help, and to Mr D B Bucknam 
for his considerable assistance -I am also grateful to 
the Boulder Laboratories of the National Bureau of 
Standards for an appomtment as guest worker and 
for extending to me ther facilities I wish to thank 
the International Geophysical Year Data Centers A 
for Geomagnetism and the Ionosphere for the use of 
data This study was supported by the National 
Academy of Sciences as part of the International 
Geophysical Year Programme with assistance from 
the Ford Foundation 

S MATSUSHITA 

High Altitude Observatory, 

University of Colorado, 

Boulder, Colorado June 2 
l New York Times, Aug 2 and 13 (1958), Mar 19, 20 and 26 (1959) 
2 Steiger, W_R , and Krivoy, H L , Hawanan Acad Set (1n the press) 
3Cullington, A L , Nature, 182, 1305 (2958) 
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5 piri P J, Ney, E P, and Winckler, J R , Nature 188, 358 
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* Eliot, E , and Quenby, J J , Nature, 183, 810 (1959) 
7 ers T , Coroniti, S C, and Pierce, E T , Nature, 183, 1476 
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Magnetic Effects Resulting from Two 
High-Altitude Nuclear Explosions 


On August 1 and 12, 1958 two nuclear devices 
were exploded m the upper atmosphere above 
Johnston Island in the North Pacific No exact 
information is available to us regarding the heights 
of the explosions, but it 1s believed that the first 
explosion was higher than the second Unusual 
magnetic effects, mentioned previously by Culling- 
ton!, were recorded after both explosions on magneto- 
graphs at Honolulu, Palmyra Island, Fanning Island, 
Jarvis Island and Apia Fig 1 shows the location of 
these observatories 

Vector diagrams of the variations m a horizontal 
plane are shown in Fig 2a anc b Fig 2a refers to 
the first explosion, and Fig 2b to the second The 
effects at Palmyra, Fannmg and Jarvis are very 
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Fig 1 The region of the Pacific showing islands where unusual 
magnetic effects were recorded 


similar, and only the Jarvis Island diagram 1s 
presented here Variations in a vertical plane are 
not illustrated, since the only important effect they 
reveal ıs a marked downwards movement m Z at 
Apia at about 1055 emrt, followmg the second 
explosion 

An examination of these diagrams has led us to 
classify the effects into four phases—initial, second, 
mam. and final, as labelled in Fig 2a and b 

We suggest the followmg broad interpretations 

Imtial phase A hydromagnetic impulse affected 
by dispersion, corresponding to the Alfvén wave 
postulated by Kellog et al ? 

The front edge travels faster than 10° em /sec and 
the tıme of the maximum. corresponds to the speed 
of a transverse hydromagnetic wave of frequency 
l c/s travellmg parallel to the magnetic field? 
Across the lines of force, the umpulse travels at about 
the same speed, but suffers greater damping 

Second phase Produced basically by the transport 
of individual B-particlest, photoelectric and Compton 
electrons, and possibly ions along the line of force 
from above the point of the explosion to the conjugate 
point 

As the shock wave and fireball move upwards, 
more and more individual charged particles can make 
them escape Radioactive decay of escapıng high- 
energy neutrons probably bioadens the region over 
which the transport occurs 

As well as those magnetic fields due directly to the 
travellmg particles, dynamo effects are caused by 
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BRITISH ASSOCIATION MEETING IN YORK 


THE PROPER STUDY OF MANKIND IS MAN* 


By Sin JAMES GRAY, CBE, FRS 


President of the British. Association 


I 


N the publie mind, scientists are largely associated 

with the study of physical systems and practical 
problems, they are not directly concerned with 
moral] principles nor are they responsible for the social 
repercussions of their discoveries But ıb 15 mmpos- 
sible to be a scientist without bemg a human being 
and recognizing that social life depends as much on 
moral principles as on scientific knowledge So far 
as science 1s mainly concerned with our material 
environment, ıt tends to isolate itself from the main 
factors which determine human behaviow So far 
es the humanities are mainly concerned with Man’s 
reactions to past environments, we cannot be quite 
sure how far ther judgments are relevant to modern 
lfe Such hmitations will not be overcome by keeping 
our own particular type of knowledge in a water-tight 
compartment, the sciences and humanities should 
seek common ground Hence the title of this 
address 

Durmg the course of years, the need for a wider 
social outlook in science has been reflected by two 
important extensions in the range of the British 
Association's interests It now includes the social 
as well as the natural and mechanical sciences, 
and ıt 1s more and more concerned with the 
dissemmation of scientific knowledge to the whole 
community But the wider the field and the larger 
the audience, the more difficult the task of presenta- 
tion becomes Scientists find ıt more and more 
difficult to keep abreast of all the maim limes of 
development within their own subject, and almost 
impossible to know what is happening in other 
fields, we become more and more specialized and 
less and less able to see the wood for the trees It 
might be said that one of the Association’s most 
important functions is to bridge the gap between 
108 different sections In addressing the Associa- 
tion, 158 president has to decide whether he should 
speak as & specialist and make little or no attempt 
to relate his theme to wider issues, or whether to 
stray into unfamuhar fields, and run the risk of 
scientific, economic or political criticism! Perhaps 
rashly, I have chosen to face these dangers, by 
trying to look at man from a biological pomt of 
view and to suggest how the picture might—here 
and there—merge into a wider background But 
before doing so, Y would lke to touch on two quite 
geneial topics 

First, one of the most important social aspects of 
modern science 1s 1t8 repercussion on international 
relationships Here there will always be potential 


* Presidential address delivered in York on September 2 and 
appearing in the september issue of The Advancement of Scwnce 


danger and waste of human effort until mdividual 
nations can be persuaded to think ın terms of the 
welfare of humanity as à whole A scientifie approach 
to such problems must be one of dispassionate 
analysis, but we shall not make much umpiession on 
public opinion so long as men’s minds are biased by 
fear and suspicion, frightened or angiy politicians, 
like frightened or angry animals, cannot be trusted to 
react wisely There is not the slightest doubt, how- 
ever, that the discoveries of physics have frightened 
mankind and that there are faz too many intelligent 
people lookmg askance at science and wondeimg 
where ıt ıs lealing them In trying to link the sciences 
to the humanities our primary objective should be to 
depict man’s position m the world of Nature as a 
source, not of fear or doubt, but of courage and inspira- 
tion Our second main objective should be to demon- 
strate the place of science in a general philosophy of 
life To be of real value, such a philosophy must rest 
on knowledge and experience which have already 
proved acceptable over a very wide range of local 
environments and national interests, and ıt must, 
at the same time, be closely concerned with problems 
of everyday life In these respects science 1s unique 

Except so far as they are subject to political restraint, 
scientists of all nations co-operate in solving Nature's 
jig-saw puzzies, and as Prof A V Hill said at 
Belfast?, “The fundamental principle of scientific work 
ıs the unbending integrity of thought, following the 
evidence of fact wherever 1t may lead within the 
limits of experimental error and honest mistake” 

This attitude of mnd is not pecul.ai to scientists , 
it 18 common to all who have a respect for the truth 

But m the fields of law, language, history, literature 
and, above all, politics, our general outlook and ow 
individual range of knowledge depend to a vory 
dangerous extent on local environment and national 
tradition By freedom fiom such lmutations science 
provides giound—perhaps the most solid ground- -on 
which to base à wider range of co-operative effort 

But the gap between a scientific and a humanitai ian 
outlook cannot be bridged by the statistical laws of 
physics and chemistry , we are forced to apply the 
less pre .e, but not necessarily less 1mpoitant, 
principles to be derived from the world of living 
organisms The challenge is, therefore, to the biologi- 
cal sciences, especially those which deal, at the 
borderlme of sociology, with the behaviow of 
organisms and their relationship to then environment 

Can they yield broad principles which are applicable 
to man, or : iust scientists be content to see the law 
of the jungle take its course except in so far as ıt can 
be restramed by humanitarian effort ? The answers 
to such questions may well decide how far science 
can claim to be of direct cultural significance 
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Man's position m the world of Nature ıs brought 
most sharply mto focus by the concept of natural 
evolution Cosmic, biological and human evolution 
ean be regarded as phases in a contmuous natural 
process—and, from this pomt of view, astronomy, 
geology, biology, archeology and history form a 
continuous spectrum of knowledge To pass from a 
primeval nebula to a modern man without any 
sudden break ın contmuity of thought gives a feeling 
of mtellectual tidiness, but quite apart from this it 
helps us to visualize man against the background of 
his past and to regard him as Nature’s supreme 
masterpiece At the same time, he must not get too 
big for his biological boots or tend to exaggerate the 
gap between himself and the rest of the animal king- 
dom No animal can manufacture aeroplanes, 
Asdic or radar, but the prize for aeronautics must 
go to the shearwater which navigated the Atlantic 
without compass or chart while Asdic has an 
extremely efficient prototype m the vocal cords and 
ears of bats By surroundmg themselves with an 
electric field, some fish (for example, Gymnarchus) 
can—in total darkness—detect foreign objects ın the 
surrounding water with very remarkeble precision 
The weight of the mechanism involved—1ncluding the 
animal’s brem——amounts only to a few grams, a 
man-made mstrument of comparable performance 
would mvolve at least a ton of highly complex elec- 
tronic machinery In fact, as delicate and precise 
pieces of machinery, man’s mventions have not yet 
reached the standards of those produced during the 
natural course of biological evolution No laboratory 
in, the world can compete with the biochemical skill 
of even the smallest hving organism On the other 
hand, man can claim that within a few centuries he 
has produced things for which Nature required many 
mulhons of years, but we need not feel in the least 
ashamed of the older members of our evolutionary 
family we have still a geat deal to learn from 
them 

To visualize man’s position in the anımal world, 
1t may be useful to define his main diagnostic char- 
acters He is a highly gregarious bipedal mammal 
with unspecialized limbs but a very large bram He 
18 the only animal which has developed the symbolisms 
of speech and writmg and he may well be the only 
animal capable of rational thought He 1s, therefore, 
the only organism which can hand on patterns of 
acquired learnmg from one generation to another 
To these advantages he owes his dominant position 
m the world to-day They have enabled him to 
exploit his environment and increase his numbers 
and range of distribution far more quickly and far 
more extensively than any animal of comparable 
size He has ehmmated some of his competitors and 
exploited others for his own use, but the time has 
now come when different races of men are competing 
with each other within the closed arena of a lmmited 
environment, and ıt 1s not easy to see where ıt will 
end There is nothmg equivalent to this m the 
inanimate world , but, when a biologist looks at the 
general trend of events, he 1s inclined to say, ‘“Where 
have I seen something like this before, what ıs ıt due 
to, and how does 1t usually end ?" 

Of the many pomts of view from which bio- 
logists can study man, three are of particulei 
social interest First, what ıs the relationship 
between the size of a human population and the 
resources of 1ts environment ? Secondly, what are the 
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factors which influence man’s ability to acquire new 
patterns of behaviour ? Thirdly, what is the sig- 
nificance of the gregarious habit ? 

One of the first attempts to subject social problems 
to biological analysis was made by Malthus m 1789 
when he forecast the fate of a nation the rate of 
increase of which was greater than that of the 
resources of its environment Malthus did not say 
that war, pestilence and famme were mevitable , 
he said that they were mevitable unless people, by 
voluntary control, reduced their rate of reproduction 
The theory of animal evolution by natural selection, 
enunciated just a hundred years ago by Darwin and 
Wallace, volves the principle of over-population 
and introduces the concept of randomly produced 
mutations Some of these increase an individual's 
chance of survival whereas others decrease it, 
those which best adapt the animal to the conditions 
of life 1mposed by the environment survive, the rest 
are ehmmnated The course of animal evolution is not 
directed by the organism itself, but by the external 
environment , the animal throws the dice but the en- 
vironment decides the winnmg numbers A persistent 
struggle within an over-populated environment is an 
essential condition for evolution by means of natural 
selection , it 1s the price which Nature demands for 
progress There ıs no evidence that adaptations 
acquired during the hfe-time of an individual anımal 
can be handed on to its offspring, each generation 
has to take an environment as 16 finds 1$ and make 
its own way m the world There ıs also the danger of 
over-specialization , a species which has become 
very highly adapted to a particular environment 
may be extremely vulnerable if the environment 
changes relatively suddenly The course of human 
evolution is entirely different Speech and writing 
enable each generation to modify and control its en- 
vironment m the light of experience gained by its pre- 
decessors and to hand on acquired benefits without 
bodily specialization As soon as man learns to 
discipline hunself to the fact that his environment 1s 
world-wide, he can begin to direct the course of his 
own evolution without the discomforts of over- 
population If he fails to realize his powers and 
allows things to drift, his future seems dark, if he 
really bestirs himself, there 1s much less need to be 
afraid 

Quite apart from any evolutionary significance, 
there can be no doubt about the validity of Malthus’ 
argument Western Europe and North America 
have followed his advice, but, as stressed by Prof 
P M S Blackett?, the density of population ın other 
parts of the world 1s far higher than can be adequately 
sustained by the environment We can, of course, 
shrug our biological shoulders and say that different 
races of men live m different environments and are, 
therefore, subjected to different intensities of struggle, 
and it would be comforting if we could be quite certain 
that ıt 1s always the fittest which survive We cannot 
salve our consciences quite so easily nor will we 
escape for very long from environmental pressure 
Qur own population may remain relatively stable, 
but our environment expands with almost every new 
major scientific discovery, and the greater the overlap 
of the environments of different nations the fiercer 
is the competition The result is substantially the 
same as that of an expanding animal population 
within a limited environment These problems he 
within the field of Section F (Economies), but they 
are fundamentally sımılar to those which arise in 
animal ecology , 1t seems Just as unrealistic to regard 
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one race of man as an isolated unit as to study the 
population of one member of & biological food-cham 
without reference to those of all the others The 
witing on the wall is tolerably clear , 1f man behaves 
like an animal and allows his population to mcrease 
while each nation steadily mereases the complexity 
and range of its environment, Nature will take her 
course and the law of the jungle prevail 

To see this law 1n action, it 1s useful to remember 
that Nature has 'made, not one but two, great ex- 
permments ın the design of socialanimals The first was 
carried out 1n Mesozoic times when man’s mammalian 
ancestors were beginning to emerge from reptiles 
The results of this experiment are represented to-day 
by the social msects—notably the ants There 
are a very large number of different species of ants 
none of which mterbreed , among them is found a 
range of complexity of social behaviour which 1s 
not only unique in the animal kingdom but which 
also forms a very remarkable parallel to different 
races of human beings At one extreme are species 
forming small communities, restricted to locahzed 
or specialized environments and exhibiting relatively 
little sub-division of labour between mdividuals At 
the other extreme are large and often aggressive 
communities with marked differentiation of structure 
between different grades of dividuals , populations 
of this type display high levels of co-operative effort 
involving, ın some cases, the rudiments of agriculture 
and husbandry In all cases, however, ant societies 
are organized on a straightforward totalitarian basis, 
for the contiibution made by each individual to- 
wards the welfare of the community is determmed 
from the time of birth, each grade of mdividual is 
structurally adapted for predetermmed tasks How 
far ants can communicate with each other may be 
doubtful, but ıt 1s tolerably certam that members 
of the same community recognize each other by a 
characteristic smell, and as the brain of an ant is 
about the size of the head of a pm, ıt 1s perhaps not 
surprising that ants should attack or kill an mdividual 
from another colony with a smell slightly different 
to their own It 1s much less easy to understand why 
a man, with a brain of an entirely different order of 
complexity should, at times, react almost equally 
violently to skin pigments shghtly different to his 
own 

But ıt ıs not only ın respect to individual relation- 
ships that the study of ants 1s relevant to man Ants 
are the only organisms which—apart from man— 
indulge m organized warfare, raidmg the nests of 
other species and mcorporating captives mto their own 
society But perhaps the most striking facts relate to 
species which have changed them habits and distribu- 
tion withm recent times Two mstances of territorial 
expansion are known to have occurred m the past 150 
years! Early m the nineteenth century an Eastern 
species (Pheedole megacephala), having spread rapidly 
over North Africa and South Europe, managed to 
reach the islands of Madeira and Bermuda, ın both 
places ıt exterminated the smaller native races 
Meanwhile, a similar policy had been. carried out by 
another species (Iridomyrmex humilis) fiom the Argen- 
tine which, having landed at New Orleans, very 
rapidly overran the southern United States, ın due 
course ıt too reached Bermuda, where ıt proceeded to 
eliminate Pheidole In the world of ants there 1s no 
place for small peaceful communities unless they can 
isolate themselves effectively from larger and more 
powerful neighbours, nor does there seem any lasting 
peace between large aggressive communrties Solo- 
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mon’s advice has, I suspect, been misinterpreted It 
should read ‘‘Consider the ants, and, if you use 
your intelligence, you will see how not to deal with 
international problems’ 

Having designed the ants, Nature waited for about 
150 million years before embarking on her second or 
human experiment She waited, in fact, until ıt 
could be carried out with a species m which an 
individual's contribution to society was no longer 
based on inherited structural characters but on the 
power of intercommunieation with other individuals , 
in other words, until man’s brain had reached a level 
of development which enabled hun to control his 
environment, and to deal rationally with the sub- 
division of labour between individuals and with the 
distribution of natural resources between different 
groups of individuals At the same time she arranged 
that such groups should not be physiologically isolated 
from each other Different races of men can inter- 
breed or they can, if they wish, come to mutual 
agreement about the distribution of world resources 
between different nations The first policy would seem 
to lead to a World State with uniformity of social 
pattern and of material interests , the second policy 
involves territorial limitations and economic agree- 
ments Both, as we know only too well, mvolve great 
practical difficulties All the same, men really ought 
to be able to do something better than ants 

The second basis of comparison between man and 
animals concerns the factors which control his 
behaviour The past fifty years have produced a 
very great merease in our knowledge of animal 
behaviour and about the factors which control the 
acquisition of new patterns of response For present 
purposes, however, attention may be focused on two 
problems, the extent to which animals can profit 
from extraneous instruction, and the extent to which 
they are able to learn for themselves The first of 
these fields 1s explored by means of the conditioned 
reflex technique, whereby an animal learns to 
associate a specific visual, or other sensory, stimulus 
with forthcoming food or ımpendmg danger In 
order to establish this result 16 1s necessary to conform 
with five basic principles, all of which have their 
counterpart m the tramıng of human beings 

(1) The response expected from the animal must 
not be unduly complex, the animal must be able to 
reach the food or escape the danger by makmg 
reasonably simple movements In other words, the 
problem must not be too difficult (n) The lesson 
must be presented to the anımal under conditions 
which ensure freedom from extraneous disturbance 
It will not learn 1f 1ts attention 1s constantly diverted 
by other changes m its environment (mu) The 
problem must be presented to the anımal on an 
adequate number óf occasions, the more frequent 
the lesson, the fewer the mistakes become — (1v) There 
must be an ‘incentive’ to learn—a ‘reward’ for success 
or a punishment for failure Further, the ‘reward’ 
must be related to the needs of the animal (v) Finally, 
the experimenter must possess adequate skill and 
patience The ability of an animal to learn depends 
to a very large extent on the personality and 
enthusiasm of the teacher 

These five principles apply equally well to the 
education of human beings if we make suitable 
allowances for mcrease m complexity of the lesson 
to be learned and in the nature of the mcentive to 
learn But we can go a little further for, as with 
men, different mdividuals of the same animal species 
learn at very different rates On the other hand, 
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there does not seem to be any clear correlation between 
an animal's ability to learn and its position on the 
evolutionary tree It ıs possible to trace the structural 
evolution of the human bram through each of the 
main classes of vertebrate animals, the large paired 
hemispheres arose in the Devonian lung-fishes and 
the cerebral cortex m the early Permian reptiles It 
would be very convenient if step by step with an 
increase m. size and complexity of the brain ıt were 
possible to trace a corresponding increase imn com- 
plexity of behaviour and in ability to learn Unfortu- 
nately this ıs not the case , some fish, without hemi- 
spheres or cortex, exhibit behaviour patterns which 
seem just as complex as those of reptiles or even of 
some mammals In due course this difficulty will 
be resolved but for the time being one can only say 
that there seems to be one feature common to all 
species which learn easily, namely, a vivacious but 
not unduly excitable temperament—fish, rats, mon- 
keys and children are all interested in them sur- 
roundings, they have a natural tendency to explore 
ther environment and they are interested in any- 
thing new or strange, they are all, perhaps, 
potentially good scientific observers 

But the value of the instruction given to human 
bemgs by a teacher 1s largely judged by the extent 
to which 1t enables a pupil to make use of his acquired 
knowledge and to go on to learn more by himself 
Within the animal world there 1s very little evidence 
to suggest that experience acquired from one pattern 
of environment or from one problem can be readily 
apphed to subsequent ones of somewhat different 
nature An anmal's own approach to a problem, like 
that of a very young child, 1s very largely one of 
random exploration, having found the solution by 
chance the number of ineffective responses on future 
occasions becomes less and less until the correct 
response 1s stabilized. 

How far animals display evidence of the higher 
levels of mental analysis associated with ‘intelligence’ 
m human bemes ıs not too clear, for ıb 1s extremely 
difficult to subject intelligence to an agreed standard 
of measurement When judged by human standards, 
the I Q’s of all animals are, undoubtedly, very low , 
but ıt may be that we are not always setting them 
quite the right type of examination 

Although ib is difficult to detect an mereasing 
capacity to learn with an increase in size and com- 
plexity of the brain throughout the main classes of 
vertebrates, 1b seems clear that there 1s a substantial 
merease m learnmg ability as soon as an animal’s 
bram reaches a level of structural complexity com- 
parable with that of man The young chimpanzee, 
hke a human baby, 1s typically a friendly playful 
creature dependent on, and with an affection for, 
its mother But as ıt grows up, ıt begms to show 
marked signs of mdividuality , some become morose, 
unfriendly and vicious, others retain a friendly 
disposition towards their neighbours and a co-opera- 
tive attitude towards human teachers The ability 
to respond to treiung shown by the latter typo of 
individual 1s, of course, very remarkable, but when 
left to itself, a chimpanzee seems to rely on an mitial 
process of tral and error Like many other mammals, 
it can give audible and visible signs of fear, anger 
or pain, but there 1s no evidence that a chimpanzee 
can make audible or visible signs which other mdi- 

^ viduals associate with specific material objects, 
the mental development of the adult ape seems 
roughly equivalent to that of a human baby before 
the latter has learnt to speak Nothing can disguise 
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the enormous difference between an adult ape and 
an adult man in ability to learn and to control their 
environments, but ıt might be argued that a relative 
test of the brams of an adult ape and of an adult 
man, as computmg instruments, should be con- 
ducted on the basis that neither pupil nor teacher 
should be allowed to speak, read or write, the 
gap between animals and men might narrow very 
appreciably 

The third and perhaps most important biological 
aspect of man’s behaviour concerns the gregarious 
habit Here again the distribution among vertebrate 
annals is curiously unrelated to them evolutionary 
history , ıt ıs well marked im certain species of fish, 
birds and mammals, but absent m others In some 
cases the existence of a herd or flock 1s clearly of 
survival value , a pack of wolves has a wider choice of 
food than an individual operating by itself But, 16 1s 
not always clear why one species should be more gre- 
garious than another to which ıt 1s closely related In 
the present state of knowledge, 1$ may be safer to say 
that some animals are restless or uneasy unless 1n close 
proximity to individuals of the same species—that 
they have, ın fact, a deep-rooted antipathy to isolation 
orlonehness The resultant grouping establishes the 
herd as a unit which responds as a whole to an external 
stimulus applied to one or a few individuals The 
response 1s most clearly defined when the stimulus 
evokes an emotional reaction of fear or anger in the 
individuals directly concerned, and one of the most 
distinctive features of herd behaviour 1s the speed at 
which these emotions spread throughout the com- 
munity If certam mdividuals are more highly sus- 
ceptible than others to external stimuli, the response 
of the group 1s determined by the most timorous or 
the most belligerent members of the community 
The majority of the herd subjugate ther own 
individual behaviour to that of a few, and in the 
long run imdividuals benefit by greater security 
from predators or greater certainty of obtaming food 
If an mdividual ıs unduly insensitive to emotional 
stimulation by its neighbours, it 1s hkely to be 
elmunated by natural selection—the sheep that 
walks by itself gets eaten and the solitary wolf may 
starve These principles were applied to the analysis 
of human behaviour by Wilfrid Trotter’ In order to 
avoid physical or mental isolation, men are prepared 
to subjugate their own 1mmediate needs or predilec- 
tions to those of society as a whole Anti-social 
activity 1s kept in check by fear of intellectual or 
physical isolation , feelings of mcreased security and 
greater freedom from personal doubts and fears are 
set off against loss of individual freedom of action 
How far psychologists have developed or rejected 
Trotter’s suggestions I do not know, but there can be 
little doubt that they opened up a useful biological 
approach to sociology by suggesting that our instinc- 
tive reaction to something new or strange 1s, as m 
anunals, to conform with our neighbours, and that, 
at moments of crisis, 16 1s better to follow a leader 
than rely on personal judgments These and allied 
problems belong to Section J (Psychology). All 
I wish to stress is that the phenomena of mass 
psychology in man, like other aspects of his be- 
haviour, have their roots far down 1n his evolutionary 
history 

Perhaps the most striking difference between the 
social habits of man and those of animals ıs the 
existence of a hierarchy or grading withm human 
society Only in a very few cases does this appear | 
to exist within the ammal kingdom The nearest 
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approach seems to occur in birds , a flock of jackdaws 
feeding 1n a restricted area resolves itself into a well- 
marked order of feeding priority Lorentz has 
recently reported that 1f a high-ranking male decides 
to mate with a low-ranking female, the latter mses 
in social status and feeds with her husband , all this 
sounds reasonably familiar to human ears 

This 1s perhaps as far as a zoologist ought to go m 
trymg to view mankind through biological spectacles 
But one does not need to be @ professional biologist 
to appreciate that the rates of change m the pattern 
of human behaviour and in the nature of our environ- 
ment have, durmg the past five thousand years, been 
incomparably greater than those of any other organ- 
ism at any period of its history, our clothes, 
houses, habits and social organization change 
with successive generations In fact, if one were 
forced to select the organism which best displays 
the phenomenon of persistent evolution one would 
undoubtedly choose man I have tried to show 
that the broad prmeiples which relate the size 
of human populations to the resources of their 
environments and those which govern an individual's 
ability to learn from personal experience and so adapt 
himself to his environment are qualitatively simular 
to those which apply to animals On the other hand, 
man is—as I have said—unique in that he 1s—or 
can be—the master and not the slave of his environ- 
ment, and the story of his later evolution 1s told m 
terms of social and economic history 

In suggestmg further points at which biological 
principles seem to be applicable to the evolution of 
human society a zoologist can only look towards 
Section H (Archeology and Anthropology) and hope 
that his spectacles are not completely out of focus 
In its very early stages human society must have 
been. organized into quite small units each dependent 
on the natural resources of a small circumscribed 
environment The discovery of fire and development 
of agriculture must have mereased the range of the 
environment and the optimum size of the population 
required for its exploitation, while the stability of the 
group would become more and more dependent on 
the maintenance of an effective sub-division of labour 
The larger the population and the greater the degree of 
specialization the greater the lmıtatıons necessarily 
imposed on individual freedom of action A new and 
very important integrating factor seems to have come 
into action when natural phenomena became linked 
with supernatural concepts—fear of isolation or re- 
prisals from fellow-men being reinforced by fear of a 
superhuman agency and a sense of greater security m- 
spired by reliance on supernatural support Such 
beliefs had no material basis but they would be the 
cement which held society together and, as such, be of 
immense survival value But ıt 1s difficult to avoid 
the conclusion that such behefs, like scientific theories, 
must undergo change as man’s knowledge increases 
and his environment alters From this point of view, 
it 1s not easy to regard any one belief as an expression 
of absolute and unchanging truth It may be argued 
that such things he outside the orbit of the British 
Association , but if science 1s to be of direct cultural 
significance, 16 cannot shut itself off from one of the 
main factors which have influenced men’s attitude to 
social problems A recent issue of Nature! contamed 
a leadmg article on the proceedings of the last 
Lambeth Conference , it must have been a very long 
time since an Archbishop of York addressed such a 
Conference in language which scientists could so 
readily understand.  Agamst such a background, 
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the sciences and the humanities ought to be able to 
find somethmg m common 


III 

It 1s easy to say that science should be welded to 
the humanities, but much less easy to suggest how 
this should be done Each of us has different views 
according to his own particular mterests I confess 
that my own approach 1s based on personal experience 
About fifty years ago I chose to specialize in biology, 
and from time to time I have been asked, ‘‘If you had 
known that you would spend a good deal of your 
later hfe studymg the movements of animals, what 
subject apart from biology would you have read at 
school and at the University ?" The answer is 
simple I would have read physics, chemistry, 
mathematics and mechanical engmeermg The moral 
is that no young scientist should be allowed to forget 
that new discoveries tend to arise from the borderland 
between different subjects where the discipline of one 
is applied to another Had I appreciated this I 
would have been a much better biologist, but 
whether I would have been a better human being 1s 
another matter If I &m asked the 64-thousand 
dollar question, “Had you known that you would 
have had to adjust yourself to a rapidly changing 
and somewhat uneasy world, what additional traimng 
would you like to have had ?*" I think my answer 
would be that I would lke to have been trained to 
think dispassionately about social and political 
affairs m the hght of experience drawn from the past, 
and to have been taught to appreciate beautiful 
things But could I have acquired this knowledge 
while training as a scientist ? Perhaps not, but I 
still think that I could have been shown a wider 
picture Having been taught to visualze the spec- 
trum in terms of the wave-lengths of light, could not 
I have been encouraged to learn a little about colour 
as a source of xsthetic pleasure ? Why did I learn 
about the properties of iron and carbon without 
reference to the mdustrial revolution ? I might even 
have developed a taste for the classics 1f I had known 
that Aristotle had written a very good text-book of 
zoology Perhaps I expected too much in hopmg to 
appreciate an artist's view of Nature from the pomt 
of view of the scientist But I am not completely 
convinced A scientist’s attitude towards his observa- 
tions does not seem to me to be so very different 
from that of a poet towards his words or a pamter 
towards his colours, isolated observations have no 
more value than smgle words, ıt ıs only when they 
fib into a satisfymg pattern that the scientist feels 
he has achieved his end This analogy may be 
unconvinemg, and 1f 16 still seems difficult to combine 
the vision of the artist with the outlook of a scientist, 
I can only suggest that Leonardo da Vinci and Sir 
Christopher Wren seem to have had pretty good 
shots at ıt It would be very interesting to know 
the sort of training they had ın early lıfe 

But a plea for a wider outlook m the teaching of 
science 1s nothing new It was largely the back- 
ground agamst which Section L (Education) came 
into being, and ıt was urged agam and again by Sir 
Richard Gregory Since then there has been much 
discussion and many reports In 1933 the de- 
clared aim of the London County Council was that 
they ‘‘wished their pupils to obtain a broad view of 
nature, to study Mankind and his environment from 
various standpomts, more particularly from the 
pomt of view of both the biological and physical 
Sciences” In 1946 the Advisory Council for 
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Seeondary Education in Seotland was even more 
explicit ‘‘Durmg the earher secondary years at 
least, the study of man m his world, hke the study 
of science, 18 & unity which should not be broken 
by any sharp division mto ‘subjects’ the theme 
must be one’ Only last year (1958) a Com- 
mittee of the Science Masters’ Association urged that 
“The schools have the duty of presenting Science as 
part of our common cultural and humanustic heritage , 
it should be taught m harmony with and not m 
opposition to the various Arts subjects ” Tt 
seems fair to assume that this 1s a goal towards which 
we would all wish to strive, but when we try to 
approach ıt the road proves extremely hard and 
most of us, m practice, fall by the wayside 

We cannot shut our eyes to the fact that our 
national economy depends on our ability to make 
and exploit new scientific discoveries If we wish to 
maintain or extend our standards of material comfort, 
"we must have more professional scientists and highly 
trained technicians, and we must be prepared to 
devote an adequate fraction of our educational effort 
to get them But highly tramed specialists form only 
a very small proportion of the population, and we 
may be paying for them in very hard currency if we 
have to deny to a very much larger fraction of the 
community a reasonable chance of ‘‘seeing life steadily 
and as a whole" A democratic society has to decide 
how much of its total educational effort should be 
devoted to an ever-increasing standard of living, 
and how much to raising the intellectual standards 
whereby the majority of the population forms its 
judgments on matters which are susceptible to personal 
prejudice or political propaganda It ıs not easy to 
assess the factors which mould public opmion, but a 
recent inquiry sponsored by the Nuffield Foundation’ 
and the BBC indicates relatively clearly that the 
attitude of mind of an mdividual towards a changing 
environment is directly related to the nature' and 
extent of hus full-time education and that it 18 thus 
traming which largely determines, ın later life, his 
response to other potential sources of education— 
such as libraries and broadcasts If we wish to awaken 
a widespread mterest m science, or—still more— 
wish to contribute toward the formation of an 
enlightened public opmion, we must sow our seeds m 
the schools and m organized centres of adult educa- 
tion In the latter field, the Area Organizations of 
the British Association are of fundamental mpor- 
tance as authoritative and coherent sources of nforma- 
tion for an mereasing fraction of the community 
By working with other organizations they can make a 
very definite mpact not only on the scientifie but 
also on all aspects of public opmion 

But the key to the mam problem lies m the 
schools, and the responsibility resting on school 
teachers can scarcely be exaggerated? Too many 
are asked to do two jobs at once—to provide a training 
for potential specialists, and at the same time give a 
traming which will best equip the average boy or 
gul for later hfe If we are to pay more than hp 
service to the belief that a good all-round education 
is the best means of raismg the mtellectual level of 
the community, we must recognize that our most 
urgent need 1s for good general practitioners in the 
art of education Really inspired teachers working 
with adequate but smnple equipment will achieve 
more for general education than specialists m highly 
equipped laboratories But the scales have been 
heavily weighted m favour of specialization Almost 
exclusively, our universities are producing specialists 
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Some of these return to the schools, where they m 
turn teach on a specialized front So the spiral of 
speciabzation has gone on It ıs only natural that 
able teachers should get an intellectual stimulus by 
preparing boys and girls for scholarship examinations 
and so providing recruits for fields of research m which 
they themselves are interested , but ıb ıs by no means 
clear that ther work ıs necessarily more important, 
or more difficult, than that of those whose primary 
object 1s to persuade people that they cannot live by 
bread alone If we really believe ın general education, 
we must produce and encourage the right type of 
teacher No man or woman in their senses enters the 
school-teaching profession for financial gam, but a 
community which rates thirty mspıred school- 
teachers as equivalent to one high-grade comedian 
or film star may well deserve a very unhappy fate 
A benevolent dictator would make school-teachmg 
the most highly respected and the most highly paid 
of all professions, and the Ministers of Education 
the most mnportant officers of government, but, in 
both cases, he would demand a very high level of 
performance We must do the best we can without 
him B 

The value of an educational system can perhaps 
be judged by the extent to which 1t leaves people 
with a desire to know more about the world at large 
and a feeling that this can be satisfied, at least in 
part, by personal effort To meet a constantly 
changing environment the general pattern of teaching 
must be constantly under review If a curriculum 1s 
allowed to degenerate into a series of isolated subjects 
with little or no immediate bearmg on everyday 
hfe, the result can, perhaps, best be described in 
words which I thmk the president of Section L 
(Education) will recognize ‘‘When far too many 
boys and girls will carry away from school litle more 
than gobbets of ill-digested knowledge and a distaste 
for what has yielded so little”? 

But, as I have said, 16 18 easy to talk and to criticize, 
it 1s much harder to plan for action So far as 
science 1s concerned, the British Association might 
approach the problem of general education in the 
three familiar stages of research, development and 
production The first step would mvolve an assess- 
ment of the evidence * if the Association's judgment 
were given in favour of a wider, and perhaps 
more biological, outlook on education, ıb should 
do all 16 can to see that 16 1s put into practice on a 
lumited front and—in the light of experience—allowed 
to spread gradually mto full-scale production AH 
this would mvolve very far-reaching reorganization 
of schools and universities While Oxford and 
Cambridge shiver on the brmk of optional Latm, 
the University College of North Staffordshire ıs 
swimming the Hellespont by insisting that all 
students should, during their first year, survey the 
whole field of knowledge as a coherent picture 
before proceeding m three subsequent years to 
specialized traming This is, m my opmion, one 
of the most important and courageous educational 
experiments in our times for, if 16 succeeds, a great 
number of our major difficulties will be resolved 

On the other hand, if ‘general education’ and 
‘general science’ are condemned as ‘smattermgs of 
everything and a knowledge of nothing’, and if the 
concept of a central theme around which all parts 
of a syllabus would revolve be found to be illusory, 
it 1s high time we stopped talking about the broad 
cultural value of science and concentrated our efforts 
on widening the interests of specialists during or 
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after their technical traming Much can be done by 
relatively formal teachmg, but—if I may judge from 
personal experience—more depends on the extent 
to which students are given the time and oppor- 
tunity to educate themselves by contact with men 
and women with entirely different mterests and 
outlook from themselves This is the great strength 
of the older residential universities , but here agam, 
they may have something to learn from North 
Staffordshne 

But the older we get the less inclmed we are to go 
back to school If we want every member of the 
population to keep ın touch with what 1s going on m 
the scientific world and to realize 1ts pact on their 
lives, we must rely on the Press and on the broadcast- 
mg authorities Neither of these 1s primarily an 
educational medium , m both cases the main objective 
1s to put science across m a form that readers and 
listeners find interesting In respect to music, the 
BBC has been outstandingly successful, other 
fields of broadeastmg may be less amenable, and 16 
1s not altogether easy to know how far an increase in 
factual knowledge concernmg a number of isolated 
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fields of science enables listeners to appreciate the 
broad social and international umplications of science 
as a whole 

But when all ıs said and done, science can only 
play its full part m furthermg the welfare of mankind 
1f 1t 1s used at a very early stage of education, as a 
means of encouraging a dispassionate but optimistic 
attitude towards all aspects of human affairs To 
move from national traditions and aspirations to 
others based on international welfare may prove less 
painful 3f we are prepared to look on man and all his 
problems as a phase m the evolution of the universe 
and if we have the courage to believe and to teach 
that he can, by means of his intellect, control and 
direct his own evolution and destmy 
*See Blackett, P M S , Adiancement of Scrence, 15, 367 (1959) 
* Presidential address to the British Association (1952) 
? Presidential address to the British Association (Dublin, 1957) 
* Haskins, C P , “Of Ants and Men” (1945) 
^ “The Herd Instinct in Peace and War” 
* Nature, 182, 965 (1958) 
7 Thirteenth Report of the Nuffield Foundation, 66 (1958) 
"Proc BA Conference “Science in Schools” (1958) 


° Report of the Advisory Council for Secondary Educationin Scotland, 
25 (1946) 


SUMMARIES OF ADDRESSES OF PRESIDENTS OF SECTIONS 


THE VISUALIZATION OF MAGNETIC 
PROCESSES 


N delivering the presidential address to Section A 
(Mathematics and Physics), Prof L F Bates 
prefaces his remarks with a brief outlme of the 
ferromagnetic domain concept He then describes 
the several ways m which the boundaries and surfaces 
of such domains ın smgle crystal and in polycrystal- 
line materials may be manifested He shows how the 
origmal Bitter figure technique has given results of 
great value concernmg mam domain and closure 
domain configurations , 16 has provided considerable 
support for the ideas of Néel and others as applied 
to the magnetization processes which occur when 
single crystal specimens of appropriate shape are 
exposed to magnetizing fields, and has given visual 
proof of the moportant effects of inclusions, defects 
and strams on magnetization phenomena 
The technique has recently been much extended 
first by Craik’s development of a detachable colloid 
film carrying with ıt a record of domain configuration, 
which can be examined optically and also m a com- 
mercial form of electron microscope Craik and 
Griffiths have shown that the film technique can 
be successfully used to examine fino domain struc- 
tures on ferrite surfaces prepared by the simple 
cleavage of single crystal specimens By using films 
of ever-decreasing colloid concentration, Craik found 
the minimum thickness of a continuous deposit above 
a 180°-domam wall on a cobalt crystal to be 10-5 em 
The colloid film techniques restrict the experiments 
to static observation and to limited ranges of tem- 
perature, and recently attempts have been made to 
develop dynamic methods Perhaps the most suc- 
cessful is the polarized-hght technique of Lee, Callaby 
and Lynch, which has been apphed to the motion of 
a domain wall m a thin sheet of polycrystalline 


‘Perminvar’, an alloy of approximate constitution 
Ni,;FesoCo.;, which has been magnetically annealed 
by cooling ıt m a magnetic field Davis has followed 
the motion of such a wall by pick-up 1n a search coil 
wound on the specimen Lee, Callaby and Lynch 
have used the transverse Kerr effect The specimen 1s 
illummated by a beam of plane polarized light, which 
forms a small strip on the specimen surface, roughly 
parallel to the wall, and which acts as a light probe 
The reflected light ıs collected by a microscope, 
passes through a ‘Polaroid’ and 1s thrown upon the 
cathode of a photomultipher As a domain wall 
moves across the beam, the mtensity of the collected 
light changes, the change bemg made periodic by the 
applheation of a weak alternating field to the speci- 
men The current from the photomultipher 1s 
amplified and a signal displayed on a cathode-ray 
oscillograph By usmg two light probes a domain 
wall can be made to move through each im turn, so 
that the velocity of wall movement can be followed 
It ıs found that the velocity 1s fixed almost entirely 
by the eddy currents m the specimen 

An electron microscope has been directly applied 
by M Blackman and others to examme the stray 
fields at the edges of ferromagnetic specimens, and in 
this way ıt has been shown that the domams m 
hematite are unexpectedly large Spivak and his 
collaborators m Moscow have obtained direct photo- 
graphs using the secondary electrons released by a 
primary beam on the specimen surface They have 
also used an electron mirror method Kaézer, in 
Prague, has used a thin ‘Permalloy’ probe vibrating 
above the surface of a specrmen to map domains 
However, all these methods have to date been less 
mformative than the colloid method, and may more 
readily manifest surface imperfections and mhomo- 
geneities than domain walls, but they may, of course, 
be greatly umproved in future 
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MEDICAL ASPECTS OF COMPLEX 
CARBOHYDRATES 


ROF M STACEY pomis out m his presidential 
address to Section B (Chemistry) that carbo- 

hydrates play an essential part in the vital processes 
of all living cells Ther simplest forms, the mono- 
saccharides, are synthesized from carbon dioxide and 
water in the leaves of hving plants by the agency of 
sunhght and chlorophyll The chemistry of these 
photosynthetic processes, meluding sugar inter- 
conversions, phosphate transfer and the enzymes 
involved therem, 1s now being worked out Likewise, 
the mechanisms of the build-up and breakdown of the 
complex carbohydrates, the polysaccharides, 1s now 
well established 

Microbial and anımal cells, devoid of photo- 
synthetic pigments, must use the simple sugars as 
material and energy sources for their own metabole 
cycles The proper carrying out of these cycles is 
necessary for the healthy condition of every living 
cell, and m the animal the blood sugar (glucose) 
balance must always be mamtamed For the growth 
and reproduction of cells and tissue, complex poly- 
saccharides must be built up, for example, to form 
cell membranes, structure and storage material and 
colloidal fluids, while the pentose sugars form & part 
of the genes &nd chromosomes 

Some of the mportant processes in which both 
simple and complex carbohydrates are mvolved are 
discussed by Prof Stacey 

(a) General metabolic processes These mvolve 
digestion of foods and the absorption of glucose and 
other sugars, they involve the metabolic cycles and 
the function of enzymes concerned with them They 
concern the synthesis and breakdown of glycogen, 
the conversion of sugar to fat, the biochemistry of 
muscle action, formation of milk, ete The hormones 
insulm and epmephrine are mvolved in glycolysis 
The great medical value of msulin in controlling 
diabetic conditions 1s well known In this field syn- 
thetic substitutes for use ın diabetes are being act- 
ively studied 

(b) Detoxication mechanisms Frequently the body 
needs to get rid of excess toxic substances such as 
drugs, and ıt ean do this by oxidation processes, 
couplng up with the sugar acid p-glucuronie acid 
and then excretmg the complex  D-Glueuronie acid 
18 an important tissue component 

(c) Structural components of the body It 18 with 
these substances that we can expect to see great 
advances m the future, for complex carbohydrates 
known as mucoprotems and mucopolysaccharides 
form & large part of components such as bone and 
cartilage tissue, cell membranes, connective tissue, 
skin and its ground substance, jomt fluids, synovial 
fluid, eye tissues and fluids, gastric and intestmal 
mucosa, ete 

These complex polysaccharides have as them 
building units nitrogen-contamung or ‘ammo’-sugars, 
hexuronic acids and hexoses, and often, too, acetyl 
and sulphate residues are present Associated with 
the carbohydrate protein complexes 1s a novel group 
of ‘nime-carbon’ sugars, the nonulosamimic acids, 
known as sialc and neuraminic acids Detailed work 
on the chemistry and biological 1mportance of these 
acids 18 not yet well advanced Generally, the muco- 
polysaccharides are concerned with movement of 
parts of the animal body and thus are important in 
conditions of arthritis, rheumatism, ete, and with 
general agemg processes 
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(d) Blood components Many components of blood 
contam complex carbohydrates, the red cell surface 
eontams mucoprotems, white cells contem nucleic 
acids, while serum contams a wide range of muco- 
substances 

Furthermore, many tissues and fluids of the body 
such as gastric mucosa, saliva, etc , contain the so- 
called blood-group factors, which are polysaccharide— 
amino-acid complexes One of the most important 
medical developments has been with blood plasma 
substitutes, where the bacterial polysaccharide 
dextran has become established as an excellent 
expander of blood volume The clottmg of blood m 
the body ıs mhibited by heparm, a complex poly- 
saccharide sulphate, the action of which can be 
imitated by other polysaccharide sulphates 

(e) In many other directions carbohydrates are 
becoming of increasimg importance In the anti- 
biotic field, streptomycm ıs an important complex 
carbohydrate, while many others such as puromycin, 
magnamyem and kanamycin contain ammo-sugars 

In disease-producmg agents, the complex surface 
carbohydrates play a significant part m immunity 
studies, and there 1s a close relationship between 
carbohydrate structure and immunological specificity 
Pyrogens or fevei-produemg agents from bacteria 
are also carbohydrates Muco-substances and the 
enzymes which destroy them are immportant m 
fertihzation processes, but little ıs known at present 
about the carbohydrates of eggs 

A new branch of carbohydrate chemistry 1s 
developmg ın the virus field, and the necrosis of 
some tumours by bacterial polysaccharides has yet 
to be studied m detail 


RECENT DEVELOPMENTS AND TRENDS 
IN PALAONTOLOGY 


HE past two or three decades have witnessed a 
remarkable merease in the output of palseonto- 
logical research Most of this has been of a purely 
descriptive character, often related to the needs of 
the stratigraphical paleontologist, but much has 
been of more general mterest, particularly ın the 
borderline fields of taxonomy and evolutionary 
theory Prof O M B Bulman attempts in his 
presidential address to Section C (Geology) to give a 
non-technical account of paleontological activities in 
some of these directions 
Chance plays a large part m the preservation and 
discovery of fossils, and modes of preservation limit 
the techniques which can be apphed Hence from 
the nature of his material, the paleontologist has less 
freedom than the neontologist im plannmg his 
research, and 1s often unable to follow some otherwise 
desirable hne of investigation New material 1s, 
however, constantly bemg obtained, and the scale on 
which effective techniques are being devised and 
applied ıs a distmetive feature of modern paleonto- 
logy Particularly characteristic of the immediately 
post-war years also have been the many attempts at 
constructive syntheses of paleontology and allied 
sciences 
Paleontology provides a general and imperfect, 
though steadily improving, record of most groups of 
organisms, and in supplying a few true evolutionary 
series 16 has given a fourth dimension to the concept 
of the species Applymg the results of absolute 
rather than merely relative dating of rocks, it 18 
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beginning to contribute some tentative calculations 
of evolutionary rates m various groups, particularly 
among vertebrate animals, and the establishment 
wherever possible of mvertebrate phylogenies will 
have rewarding results here as in other fields The 
problem of evolutionary mechanism is a purely 
zoological one, but the ultimate proof or disproof of 
evolutionary theories mvolving phylogeny, such as 
proterogenesis, recapitulation and orthogenesis, also 
hes fairly within the field of paleontology 

The major contributions in paleontology have been 
made where its mutations have been frankly recog- 
nized and its unique assets most fully exploited 
These are, of course, the time factor and the lus- 
torical record of evolution To bring paleontological 
evidence into the evolutionary picture, however, 
involves a synthesis with genetics, taxonomy and 
zoology from which 1s now emerging a new ‘science 
of four-dimensional biology’ In such studies, the 
emphasis has tended to shift from the mdividual to 
the population, with the consequent need for 
statistical treatment, and successful generalzations 
will call for accurate quantitative as well as quali- 
tative methods of research, but Prof Bulman 
emphasizes m this address the primary importance 
of the most detailed and exact morphological mvesta- 
gations which contemporary techniques can provide 


MAN AND THE WORLD'S FAUNA 


D: L HARRISON MATTHEWS, ın hus presı- 
dential address to Section D (Zoology), pomts 
out that man has continually preyed on the fauna of 
the world The increase m the human population 
and man’s technical skills have enabled him to 
exploit the fauna with ever-increasmg destructive- 
ness It was not until the populations of anmals 
were reduced below the danger pomt that man 
realized that they were not inexhaustible Destruc- 
tion of particular species has also been due to man’s 
destruction of the environments to which the fauna 
has been adapted Human settlement of land and 
the development of agriculture have caused many 
animals to be banished from them natural environ- 
ments 

Man now realizes that breeding fauna in captivity 
will not alone mamtain its existence He has intro- 
duced legislation prohibiting or limiting the killing of 
certam species and has provided sanctuaries m the 
form of reserves It ıs essential, however, that the 
conservation be not only applied to the fauna but 
also to the environments Basically, 16 is a problem 
of land management and development, vital to man 
as a means of producmg energy—food and other 
useful products 

For the conservation of animals specifically for 
commercial purposes, Dr Harrison Matthews gives 
examples of the recoveries for the fur-seal and the 
elephant-seal, and how extinction m the Antarctic 
was prevented by the intervention of the Falkland 
Islands Government He also mentions the not so 
satisfactory history of the whalmg mdustry, the 
only thing that regulations gained here was to reduce 
the rate of extermmation In general, the sea-fishing 
industries of the world present many complications 
so far as conservation is concerned. especially the 
question of replacement of the life-giving plankton 
On land, over-grazing 1s often a serious threat to 
animals , however, some scientists hold the theory 
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that m some cases artificial control 1s unnecessary, 
statmg that ıt ıs effected by natural causes in the 
long run 

Dr Harrison Matthews refers to the population 
dynamics of certam classes of mammals, and gives 
an account of the catastrophic ‘crash’ that im- 
variably arrives after a peak ın numbers has 
been reached, especially m  vole-plagues. The 
over-crowding of the immediate environment that 
occurs tends to result ın psychological tension which 
eventually causes dysfunction of the adrenal gland , 
the breakdown of adrenal function causes the rapid 
death of the animals 

A recent mquiry shows that m 1958 the world 
population mereased by 47 mulhons, at this rate, m 
forty years time the human population would double 
It 1 unhkely, however, that this will occur as the 
growth of the human population tends to become 
slower and reach a stable level with the increasmg 
standards of hymg If we compare the present 
build-up of population with the cyclic build-up of 
the population of small mammals, it would seem 
that we are rapidly approaching the peak and the 
catastrophic ‘crash’ Other factors are also likely to 
control the growth of population, such as atomic war 
and its radioactive contammation of the atmosphere, 
social control by mhibiting fertility im either sex, o 
the emergence of new epidemic diseases 

Dr Harrison Matthews pomts out that the con- 
servation of the world’s fauna must be planned on a 
world-wide scale It must be decided what parts are 
to be developed for human occupation and what 
parts are suitable for conserving fauna, already a 
number of national and mternational bodies inter- 
ested m conservation exist, however, as such there 
has been only little action He sums up by advismg 
all zoologists to study any aspects of biology of the 
larger animals before rb : too late 


TRENDS IN URBAN EXPANSION 


ARGE-SCALE urban growth, which was a 
feature of nineteenth-century industrial develop- 
ment m western Europe and eastern North America, 
1s the theme of the presidential address to Section E 
(Geography) by Prof K C Edwards It has con- 
tinued to the present day, affecting almost all parts 
of the inhabited world Recent decades, however, 
have witnessed a sharp acceleration of the process 
and urban expansion is now going on at an unpre- 
cedented rate While industrialzation remains a 
primary factor, ıt has come to play a relatively less 
important part in the crowding of people mto cities 
Owmg to the lack of a common definition among 
different countries as to what constitutes an urban 
population, precise measurement of the rate of urban 
growth for the world as a whole 1s impracticable 
Some idea of 1ts magnitude over the past half-century 
so far as large towns are concerned, that 1s, those of 
100,000 inhabitants or more, can be obtained from 
the figures m Table 1 





Table 1 
No of Size groups (population 1a thousands) 
towns of |-—————,—————,—————,————,————-— 
100,000 More 
mhab 1100-250|250-500]|500-700 750- than 1 








or more 1,000 | million 
1910-13 322 200 63 33 8 18 
1950-53 | 1,071 611 299 07 32 62 
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Not only has the number of large towns more than 
trebled, but also a marked upward trend m their 
mean size has occurred The most spectacular evi- 
dence of urban growth ıs afforded by the millionaire 
cities There are now about nmety of these vast 
agglomerations, of which London and Paris were the 
only examples a century ago, and them number 
increases yearly Some 200 millon people now live 
in these huge cities, and the day 1s not far off when 
they will shelter one-tenth of all mankind 

Yet the mammoth cities and existing conurbations 
do not represent the ultimate stage m the process of 
urban accretion, for m certain instances groups of 
these tend to coalesce, formmg vast continuous urban 
areas to which the term ‘megalopolis’ has been given 
The outstanding example is the virtually con- 
tinuous urban belt stretchmg for 400 miles from 
Boston to Washington, DC contammg more than 
30 million people 

Whether in the older regions of settlement or in 
those of newer development, the expansion of cities 
1s mainly due to the movement of people from rural 
areas and from the smaller to the larger towns The 
townward drift 1s primarily the expression of a desire 
for umproved conditions of life In the process no 
new equilibrium between rural and urban populations 
1s discernible, for food production, despite a dwindling 
labour force (except m south-east Asia), 1s increasingly 
dependent upon technical advances m agriculture 
To-day the essential relationship is that between 
urban demands and agricultural productivity 

The latest phase of urban expansion has had sig- 
nificant effects upon the individual city The rising 
importance of service functions of all kmds has 
substantially altered the structure of urban employ- 
ment, the growth of admmuustretive and other 
non-productive activities has mtensified the use of 
the central busmess quarter, the demand for office 
accommodation im particular has imereased the 
pressure on buildmg sites, leading to an acceptance 
of the tall building for such purposes, often in 
defianee of tradition , retail services have become 
hampered through traffic congestion and com- 
petition for space, resulting ın an mcreased emphasis 
upon secondary shoppmg centres m residential 
districts In connexion with these and other changes, 
the controlling factor 1s motor transport Its effects 
are both centrifugal and centripetal, and the capacity 
of the city to discharge its functions satisfactorily 
will increasmgly depend upon the solution of problems 
to which this form of transport gives rise 


HOW MUCH SCIENCE ? 


HE recent campaign in Great Britain for in- 

creasing the proportion of our human and 
material resources engaged in science, m all its forms, 
has been supported by a wide range of arguments, 
some of which are of doubtful vahdity What tests 
can be apphed to determine if and when there is a 
shortage of scientists ? It 1s with this question that 
Prof J Jewkes commences his presidential address 
to Section F (Economics) To the economist the 
term ‘shortage’ has an exact meaning There 1s a 
shortage when, at the existing price, the demand 1s 
greater than the supply Although the evidence 1s 
scrappy, the indications are that there 1s no shortage 
of scientists, m this specific sense, in Great Britain 
at present For the salaries of scientists are not at a 
level nor moving m a direction which suggests 
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shortage, nor do the latest estimates of probable 
supply and demand indicate any serious gap between 
the two 

It ıs frequently suggested that there ıs, neverthe- 
less, an ‘unmet need’, implying that those who 
exercise the demand for scientists are not sufficiently 
conscious of their value to the community Unmet 
need 1s an elusive concept, but four reasons have 
been given for believmg that it exists Furst, it 1s 
said that Britain 1s laggmg behind the United States 
and the United States behind the USSR These 
international comparisons, when they include the 
USSR, are for the most part hazardous statistical 
exercises with non-comparable material Even m the 
comparisons between Great Britam and the United 
States many obstacles exist, both as to method and 
materials It seems to be a reasonable assumption, 
however, that having regard to their populations, 
there 1s no great disparity between the two countries 
Secondly, efforts have been made to establish cor- 
relations between the rate of change of industrial 
output and of the number of scientists and techno- 
logists mm industry But the statistical material 
employed here and the deductions based on 1t both 
seem to be unsatisfactory Thirdly, it 1s sometimes 
suggested that smce some industries spend on 
research and development relatively more than 
others, this proves that the second group 1s laggmg 
Fourthly, attempts have been made to measure the 
net gains arising out of expenditure on research and 
development, the results obtained m this way are 
interesting but do not support any very spectacular 
conelusions 

The scale of scientific activities m the community 
is determmed by a very puzzlmg combmation of 
public and private views, public and private actions 
and, m the last resort, the strikmg of the night 
balance wil mevitably be a matter of informed 
guesswork and of inturtà1on At the moment the final 
Judgment 1s probably bemg distorted by the tendency 
to exaggerate the part that science has played m 
raising the standard of livmg in the past, to over- 
stress the potential material benefits of the more 
spectacular recent scientific discoveries, and to 
belittle the contribution made to economic expansion 
by skills and capacities non-scientific m character 


THE CRITICAL IMPORTANCE OF 
TRANSPORT AND COMMUNICATIONS 


N the modern world, transport affects the citizen 

and the engineer at every turn In Britain, about 
25 per cent of the gross national product 1s accounted 
for by transport and communications Not only 1s 
the modern State utterly dependent for its daily 
bread on transport, but also its competitive power 
depends largely on its efficiency ın operation More- 
over, 1b 1s one of the most easily observed aspects 
of a country’s organization and achievement, and it 
has a psychological as well as a material impact 
The subject bristles with technical, economue and 
political problems, but the am of Sir Ewart Smith's 
presidential address to Section G (Engineermg) is 
to express some very general thoughts as a challenge 
to our sense of urgency 

In the mid-nmeteenth century, Britam had the 
best transport system 1n the world , this was largely 
the creation of engineers, who not only invented, 
designed and constructed m the technical sense but 
also often organized the business sides of the ventures 
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they had conceived When, to-day, we compare land 
transport at home and abroad, we must admut that 
we have not applied either the technology or the 
money necessary to keep up with the general advance 

Although very recent years have seen some awaken- 
ing of Britain to rts transport needs, a few facts and 
figures may be mentioned to underline the need for 
still greater boldness ın plans and expenditure 

The projected expenditure of £60 million on new 
1oads and major improvements 1s no more than the 
1939 rate, allowing for the fall ın the value of money, 
though the number of vehicles has grown from 3 
to more than 7 millon, and 1s increasing at 8 per cent 
a year While attention ıs now being paid to motor- 
ways, by the end of 1959 only 64 miles will be in use, 
whereas between 1830 and 1850 new railway routes 
were being built in Britam at an average rate of 
320 miles a year Urban road development lags even 
more We have no established centre for traming 
high-grade traffic engmeers, although the savings 
to be gained from traffic engineering are immense 
An increase of only 8 mph m average speeds—at 
present 20 m ph in urban districts and 32 mph 
m rural—would give an economic saving of at least 
£180 million a year, and much more as traffic grows 

The railways, too, suffer greatly from past neglect 
of capital expenditure and technical recruitment 
Durmg 1900-55 true capital outlays were very small, 
and as late as 1956 only 0 23 per cent of the employees 
of the British Transport Commission were qualified 
scientists or engineers In comparison, m the National 
Coal Board the proportion was 0 7 per cent, m the 
Central Electricity Authority 2 9 per cent, and in the 
Atomic Energy Authoiiby 10 9 percent The British 
Transport Commission 1s making valiant efforts to 
retrieve the position, and the results are hkely to be 
striking Nevertheless, even bolder thmkmg ıs 
desirable, particularly ın regard to size of wagons and 
turn-round (wagons now average only 10 mules/day) 
It must be stressed that ın this the users have major 
responsibilities as well as corresponding opportunities 
of gain 

In transport abroad, and 1n our newer and progres- 
sive industries, scientific engmeers play a much larger 
part than in the road and rail transport organizations 
of Britam , we need to tram more and use them more 
widely We must 1emedy the defects m the transport 
system of Britain, particularly on the roads, by far 
greater capital expenditure and by a bolder approach 
to the technical and organizational problems involved 


ARTIFICIAL ORGANS : BIOLOGICAL 
APPLICATIONS 


E are remmded by Prof A Hemmgway, m his 

presidential address to Section I (Physiology 
and Biochemistry), how much the study of isolated 
organs and tissues mamtamed under conditions 
ensuring survival has yielded to the physiologist 
These tissues are 1mmersed in, or superfused (a new 
technique), or perfused with blood, serum or solutions 
which may be regarded as ‘artificial bloods’ A 
solution m which the 10n1e concentrations of sodium, 
potassium and calcrum were adjusted to maintam 
conduction and contraction in cardiac muscle was 
first introduced by Ringer, but smce his day many 
modifications have been made, including the addition 
of metabolites such as pyruvate and glutamate To 
make a blood substitute for clmical use as an 
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‘expander’ after hemorrhage or in post-operative 
hypotensive states, dextrans of appropriate molecular 
size have been prepared and added to these solutions 
to make them osmotically equivalent to plasma But, 
so far, ıt has not been possible, except by employing 
suspended red blood corpuscles, to make these 
solutions adequate carriers of respiratory gases 

The mtroduction of antibiotics and ample supplies 
of anticoagulants have encouraged and established 
the use of perfusion and similar techniques for 
clmical purposes The ‘artificial kidney’, which has 
proved successful in the management of certain types 
of kidney disorder, 1s a development of Abell’s (1922) 
vividiffusion apparatus The prmerple is that an 
artery ıs cannulated and the blood, rendered ım- 
coagulable, ıs passed through a 20-30 m length of 
‘Cellophane’ tubing which 1s formed mto a spiral and 
rotated in a bath of modified Ringer’s solution 
According to differences m concentration across the 
membrane, substances will be mterchanged between 
the blood and the surroundimg fluid By this means, 
substances which have accumulated because of renal 
dysfunction can be removed from the blood, the 
rate and the extent of the exchanges can be con- 
trolled by regulatmg the composition of the sur- 
rounding bath Ensumg chemical changes m the 
blood must be followed ‘Treatment by the ‘artificial 
kidney! 1s indicated when the pathological changes 
in the kidney are reversible and the patient’s kidneys 
are likely to resume their functions 

In the field of cardiac surgery more extensive and 
complicated operations have been made feasible 
durmg the past decade by the development of the 
‘extracorporeal circulation’ This 1s a method, based 
on techniques well established in physiological 
laboratories, by which the systemic circulation of 
the body can be mamtamed by a mechanical pump 
and a blood oxygenator for a period durmg which the 
heart and the lungs of the patient can be by-passed. 
The heart and its neighbouring vessels can then be 
opened and congenital abnormalities or valvular 
lesions repaired or modified There are many problems 
in the design of pumps and oxygenators which, while 
giving, respectively, adequate flow of blood and 
sufficient exchange of respiratory gases, will not 
injure the blood Striking clinical progress has 
already been made and it seems likely that the 
improvements in the technique of perfusion will be 
apphed to further studies of organ function and 
control and, probably, of survival «n vitro 


PERCEPTION, ATTENTION AND 
CONSCIOUSNESS 


N her presidential address to Section J (Psycho- 
logy), Prof Magdalen D Vernon points out that 
we can never be aware at any one moment of the 
whole of our surroundings The degree to which we 
are aware of them varies greatly, from a precise per- 
ception of a narrow central field of view upon which 
attention 1s focused, to a vague awareness of all other 
parts We can vary the amount of attention and the 
accuracy of perception from moment to moment, and 
direct ıt to different parts of our surroundings , but 
the area of the field, and the number of events or 
objects m 16, of which we can be aware at any one 
moment are limited Focal awareness of one part of 
the field may preclude the perception of surroundmg 
parts It appears to be possible, however, to perceive 
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events without bemg ummediately aware of them and 
to store the information and attend to it later, but 
such information cannot be retained for long How- 
ever, there 1s evidence to show that even when such 
information never reaches consciousness, 1t may yet 
have some effect on thoughts and behaviour 

Various factors operate to produce a selection of 
what 18 perceived and attended to most closely We 
tend to perceive primarily what we expect is most 
probable to occur m the circumstances, and our 
previous experience of similar situations does much 
to determine the estimation of probability However, 
expectation 1s also affected by the reception of special 
mstructions and information, and by trammg in 
what to look for People may also tend to perceive 
readily what they desire to perceive or are interested 
m perceiving , but m such circumstances they may 
imagme they see what ıs not actually there Agam, 
they may be unusually slow to perceive what would 
be disagreeable to them But they quickly become 
&ware of sudden and unexpected events which 
are significant and perhaps potentially dangerous, 
although they may be slower to percerve fully the 
exact nature of these events 

It ıs difficult to perceive anything which 1s exposed 
only momentarily, or m very dim illumination, or in 
the margin of the field of vision Nevertheless, there 
1$ some evidence to show that material exhibited 
below the normal threshold of vision, of which the 
observer is not directly conscious, may m some cir- 
cumstances affect his thoughzs or behaviour, and in 
particular produce reactions 0? the autonomic nervous 
system Attention tends to wander after a time from 
events of no great interest which recur repeatedly 
and monotonously, and they may cease to be per- 
ceived A long period of exposure to completely 
homogeneous surroundimgs produces a decrease in 
awareness and the power of discrimmation, accom- 
panied m some cases by kallucinations and un- 
pleasant emotional reactions 

Recent physiological evidence as to the nature and 
functions of the reticular formation in the sub-cortical 
regions of the brain suggests that umpulses from this 
formation may stimulate the cortex in such a way as 
to produce both a general arousal of consciousness , 
and also the direction of specrfic awareness to events 
of particular significance to the mdrvidual Cortical 
impulses in turn may facilitate these activities of the 
reticular formation, or may inhibit them, for example, 
in situations associated with the withdrawal of 
attention, such as those of repeated unvarying 
stimulation of no mterest or importance to the 
individual Clearly these findmgs have considerable 
significance in relation to the psychology of per- 
ception and attention, though our understandmg of 
ther exact bearing must await further vestigation 


PLANTS ON LAND AND IN THE 
OCEANS 


OR his presidential address* to Section K (Botany), 
Dr W R G Atkins prepared an account of the 
many and varied problems on which he had worked 
and for which his mutial tramimg as a botanist had 
proved invaluable Starting with a brief account of 
his work on the suitabihty and preservation of the 
* Prepared from notes left by Dr Atkins and read posthumously 


by Dr © P Spencer, of the Marine Biology Station, University 
College of North Wales, Bangor 
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tumber and fabrics used for the aeroplanes of the 
First World War, he passed on to an account of his 
work after the War for the Imperial Department of 
Agriculture ın India It was m India that he started 
his studies on the pH of soils and plant juices, work 
which he later extended in Britam After his appoint- 
ment to the staff of the Plymouth Laboratory of the 
Marme Biological Association, he was able to use 
pH measurements for assessing the total quantity of 
photosynthesis m water masses in the sea and to 
muitiate complementary chemical hydrographical 
work at the International Hydrographic Station Z1— 
work which has been continued by the staff of the 
Plymouth Laboratory ever since 

Dr Atkins then gave an account of his extensive 
investigation into the penetration of light mto the 
sea, a factor of great portance for the growth of 
the phytoplankton These studies were later extended 
to mclude measurements of hght scattering and of 
the nature of the light fields to which plants m 
various environments are subject, both in air and 
under water In addition to this work, his interest 
m the plants of the phytoplankton continued 
Anomahes were often apparent when the crop of 
phytoplankton was estimated from measurements of 
the utilization of different nutrients That these 
anomalies were due to the occurrence on occasion of 
unsuspectedly large amounts of non-silceous species 
was suggested by Dr Atkms—a hypothesis that his 
later observations and those of other workers have 
amply confirmed 

Curious delays in the tıme of the spring outburst 
of the phytoplankton when determmed by the sudden 
reduction m phosphate in the water mass were also 
sometimes observed These delays did not seem to 
be due to physical factors, smce both the light and 
temperature were apparently suitable for rapid plant 
growth A study of the concentration of silicate and 
of the various species occurring in the water indicated 
a sudden influx of a fresh water mass mto the area—a 
phenomenon not apparent from records of the tem- 
perature, salmity and phosphate, nor from measure- 
ments of the total plant population as measured by 
chlorophyll estimations Thus, after thirty years, at 
least one good reason for the lateness of the phyto- 
plankton crop had become evident This, however, 
18 not to say that at other times and places changes 
m the vertical circulation or other factors may not 
be important It does, however, indicate the value 
and necessity of the close mtegration of studies con- 
cerned with the concentration changes of all the 
known nutrients, the physical factors involved and 
both the total plant population and the occurrence 
of individual species 


PATHOGENIC FACTORS IN 
THE ROOTING SPACE AND THE 
DEVELOPMENT OF EVEN-AGED 
PLANTATIONS 


N his presidential address to Section K* (Forestry), 
W R Day says that the distribution of species 

of tree within the range grown for economic purposes 18 
closely related to productive capacity as determmed by 
available site types adequate freedom from acutely 
damagmg infestations and freedom from infections 
are, plainly, related necessities Production 1s based on 
growth as a natural biological process and its economie 
value depends partly on rate of growth and partly 
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on quality of production as determined by market 
value of produce or services rendered Ordinarily, 
the development of the mam stem provides the 
principal interest m production, and this 1s governed 
by the interaction of crown and root as functioning 
correlatives Given adequate climatic adaptation of 
species of tree, then, withm any suitable limited 
climatic range, the more important basic environ- 
mental variations which determine variations in 
production-rate are to be found in soil conditions as 
affecting root growth and functionmg 

The general tendency in development m forests 
established as even-aged regenerations ıs from 
simplicity towards complexity in canopy structure, 
the rate of development of this tendency for any 
given species of tree and assuming relative even- 
ness in climatic conditions is largely a function 
of the soi conditions which prevail locally The 
factors which determime the course of develop- 
ment in canopy structure are partly to be found in 
sylvicultural treatment, but basically ın the develop- 
ing demand by the forest canopy as crowns increase 
in size, especially during the first decades after 
regeneration, with reduction m number of stems per 
unit area and increase in height of tree , and according 
as this demand can be satisfied by supply of root 
growing-space as qualified by available water and 
nutrients Potential demand of a canopy of any 
given specific composition, according to size of tree 
and as influenced by stand density, may be con- 
sidered as a genetic characteristic Since the degree 
to which this potential demand can be satisfied 1s 
determined largely by soil supply conditions ıt follows 
that, for any given age and type of even-aged 
regeneration, variations m canopy development 
which are natural to the site will occur according to 
the distribution of variations in the stage of stand 
development at which volume of canopy demand 
becomes margmal with site supply and especially 
with supply from the root growing-space Examples 
taken from even-aged Sitka and Norway spruce 
stands are given which illustrate variations ın stand 
stiucture determmed in this way Limitations m 
edaphic supply necessary for root development and 
action arise from a complex of physical, chemical 
and biotic factors the action of which 1s more or less 
interrelated Examples based mainly on the physical 
aspect of clay and sand souls, as observed 1n the field, 
are given to illustrate edaphieally determmed 
limitation m supply which, through the prevention 
of growth naturally attempted, acts as a basic cause 
of disease and m this way influences stand develop- 
ment and, through this, economic production 

Exammation of the problem of management of 
even-aged plantations suggests that if the effects of 
technical sylvicultural treatments are sufficiently to 
be appreciated, there must be some adequate under- 
standing of the locally occurrmg inter-relationships 
between canopy development and site supply of the 
needs for this, for this, through basically con- 
troling the type of growth possible. will largely 
determine the effectiveness of the technical treat- 
ments practised 


WHAT ARE OUR SCHOOLS FOR ? 


IR JAMES J ROBERTSON, president of Section 

L (Education), opens his address by pomting out 
that ıt was only within a few weeks of each other 
that a Scottish Judge and the Home Secretary spoke 
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last winter about mereased crime and irresponsibility 
They called for greater help from the schools, only 
to be rebuked by leading educational journals, which 
put the blame on bad mfluences outside Such 
criticisms focus widespread confusion about the 
schools’ functions and society’s ability to protect 
itself 

Our educational philosophy is admirable, but our 
practice belies our professions , and, while within the 
task allotted to them our teachers merit respect and 
commendation, no part of our national education, 
except our enlightened infant departments, justifies 
complacency m face of the crisis of our time Ad- 
mittedly, the ablest pupils m our grammar schools 
are equal to the demands made on them But do we 
allow time for them knowledge to be fully assimilated ? 
To what extent do we quicken sensibility in them, or 
nourish imagination, or awaken the sense of depend- 
ence on others ? Moreover, if we segregate the highly 
gifted m separate schools at eleven, do we not 
aggravate the risk of producing ‘Lucky Jims’ or an 
arrogant self-appomted élite ? 

The average grammar school entrants, supposedly 
most fortunate, are educationally the worst used of 
all Despite advantages in staffing and provision, 
they are the victims of an unsuitable curriculum and 
an external examination too hard for the majority 
They suffer from excessive demands on their time, a 
low level of real attainment, an obsessional concern 
with examunations, and deplorable neglect of the 
non-cognitive sides of their natures The vision of 
the Norwood Commuttee and the Scottish Advisory 
Council quickly died amid post-war careerism and 
greed 

Equally deplorable 1s the largely lost opportunity 
mn the secondary modern schools, with the discrediting 
of interest and expermment and the ever-increasmg 
participation im the chase after certificates, a partici- 
pation which can, however, be defended if the 
General Certificate of Education really matters as 
much as we pretend, and we put mto secondary 
moderns children capable of securing even scrappy 
certificates 

The bright promise of 1943 for the primary schools 
also faded swiftly m the universal scramble for 
status A secondary education hke that m Britam 
presupposes à primary, geared to ‘11 +’, with tests 
and streaming all the way and those pressures that 
make short work of frills and experiments Add the 
excessive size of classes and general madequacy 
of provision, and you ensure the dommance 
of class-teachmg and the rigid time-table, with 
disastrous consequences both to secondary schooling 
and to any further education adequate to our 
condition 

Further education which 1s neither vocational 
trammg nor purveyed entertainment is at once the 
most important of all, and im its meagre extent 
the most disappomting How can ıt be otherwise 
so long as statutory schooling creates distaste 
and does but scant justice to music, drama and the 
arts ? 

Education ın Britam accords as Hl with recent 
thmking and discovery as with the sombre realities 
of our times, taking insufficient account of the rarity 
of high intelligence, the great range of mnate ability 
and the powerful movements of thought towards an 
organic and unitary view of man as existent and 
person Our great need 1s to awaken to the costliness, 
both material and spiritual, of all true education 
reform must begin with a national change of heart 
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BALANCE IN BRITISH FARMING 


R H G SANDERS suggests in his presidential 
address to Section M (Agriculture) that the 
forty-seven years life-tume of the Section has seen 
science apphed to British agriculture at an ever- 
increasing rate, and there have also been violent 
economic changes Farming systems which have been 
built up m more leisurely times have achieved a 
balance which might be upset by these scientific and 
economic impacts There has clearly been an ım- 
provement m some aspects of the really basic factor— 
soul fertalty The lime status of the soils of Britain 
has been raised markedly and 1s still improving, and 
the mereasing use of chemical fertilizers has led to 
better plant nutrient content In regard to draimage 
the situation 1s less satisfactory There 1s stall uncer- 
tamty and much argument over the importance of 
maimtaining the organic matter content of the soil, 
the danger being that, if 1t 1s allowed to fall, soil 
structure will be lost New chemicals have proved 
powerful aids m keepmg land clean, but there are 
obvious dangers m their indiscriminate use On 
many farms the ley has replaced the root crop as the 
pivot of the rotation, and advanced practitioners are 
showing how great the production from newly estab- 
lished grass can be Full summer utilization neces- 
sitates conservmg surplus herbage at peak periods of 
growth, and silage fits better mto advanced grazing 
control than hay Much is known about the extra 
cost involved m making high-quality hay and silage, 
but httle about the mereased animal production 
from first-class material and its possibilities in 
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economizing expensive concentrated foods There is 
urgent need for more applied research into such 
problems 

One aspect of balance in traditional farming 
systems has been the relation between the feeding- 
stuffs produced from the land and the head of live- 
stock maintained A high degree of self-sufficiency 1s 
still a sensible economic aim, but its attamment 
depends on high-quahty roughages and more precise 
knowledge of their potentialities, not only as main- 
tenance ration but also for animal production. 

A rough balance in the farming of Britam as a 
whole has grown up 1n a somewhat haphazard way 
Sales of store sheep 1n Scotland are well established, 
and similar ones for store cattle have recently 
started and are developing rapidly on the Welsh 
border The reverse movement of gram and straw 
from east to west 1s unorganized and depends on the 
initiative of individual merchants British farmers 
have had outstanding success in the development of 
pedigree livestock, but the future will probably see 
more use of crossbreds for commercial exploitation 
In poultry this ıs already widespread and m sheep 
also, though with them the benefits are often lost by 
continuing and indiscriminate crossing The develop- 
ment of a system of pedigree breeders and crossing 
breeders to provide livestock for the ordinary farmer 
would help in the simplification of farming which 
advancing knowledge 1s making ever more necessary 
The ultimate solution of this problem of keepmg 
abreast with science should not be monoculture, but 
mixed farming with the more scientific processes m 
the hands of specialists 
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THE ST. LAWRENCE SEAWAY AND POWER PROJECTS : 
GEOGRAPHICAL BACKGROUND 


By Pror T L HILLS 
McGill University, Montreal 


HE official opening of the St Lawrence Seaway 
on June 26 brought to completion five years of 
design and construction of both the Seaway and 
Power Projects on the St Lawrence River It also 
brought to fruition more than fifty years of almost 
incessant agitation m both the United States and 
Canada for the development of a deep navigable 
waterway into the heart of the North American 
contment Yet most significant of all, ıt will carry 
one stage further a process that has been under way 
for nearly four hundred years, smce Jacques Cartier 
was halted in his Journey up the St Lawrence by 
the Lachme Rapids This process has mvolved on 
one hand the gradual exploitation of physical features 
of the Great Lakes-St Lawrence drainage system 
advantageous to navigation, and on the other, the 
overcoming of natural obstacles to navigation 
Successive stages in this process have reflected the 
economie development of the contiment as well as 
political changes The St Lawrence Valley 1s the 
natural outlet of the contment to the North Atlantic 
and westein Europe, theiefore, improvement of this 
waterway was to be expected However, nearly four 
centuries since European man first arrived on the 
scene the navigation facilities on the St Lawrence 
have only just been umproved to the pomt where 
ocean-gomg vessels of more than 2,500 tons can be 
accommodated These navigation facilities are still 
not comparable with the other great canal systems 
of the world At present, the Panama, Amsterdam, 
Rhine, Kiel, Suez, Texas and Manchester Ship Canals 
all exceed ın size the proportions of the St Lawrence 
Seaway facilities For an explanation of the long 
delay ın the ‘coming to age’ of the navigation facilities 
throughout the Great Lakes-St Lawrence system, 
geographical, historical, economic and political factors 
must be considered 
The St Lawrence River system in combination 
with the Gulf of St Lawrence and the Great Lakes 
provides a contmuous waterway extendmg 2,347 
mules into the heart of the North American continent 
from the Atlantic Ocean The length of this water- 
way, its location and orientation, are three of its 
outstanding geographical characteristics Mere length 
alone 1s not necessarily an economic attribute How- 
ever, 1n this case the distance of the penetration mto 
the continent, which is comparable with the great 
emcle route distance between west European ports 
and the estuary of the St Lawrence, 1s of the very 
greatest economic significance because the Great 
Lakes-St Lawrence system provides an approximate 
east-west routeway mto the heart of one of the 
richest agricultural and industrial regions on the face 
of the Earth, a 1egion lying due west of the metropolis 
of Europe and the British Isles In relation to resource 
production and potential this routeway 1s ideally 
located Its hmterland or contributory region, com- 
prising as 1t does the Canadian Shield, the greater part 
of the Interior Lowlands and parts of the central and 
northern Appalachian System, 1s extremely rich ın agrı- 
cultural, forestry, mineral and water-power resources 
It was natural that one of the world’s major trade 
routes should develop between such a region and a 
heavily industrialized and densely populated Europe 


The St Lawrence River provides the only com- 
pletely natural water gap through the mountain and 
upland barrier formed by the Appalachians and the 
south-eastern upturned edge of the Canadian Shield , 
but for only brief periods in the past four centuries 
has ıt been the chief transportation route between 
the Atlantic and the interior of the contment The 
St Lawrence has faced competition from Hudson 
Bay, the Mississipp: Valley, the Pacific Coast-Panama 
Canal route and especially the Lake Erie-—Mohawk— 
Hudson route The economie and political history of 
the St Lawrence can largely be told m terms of its 
continued competition with the alternative route- 
ways from the interior of the continent The low-level 
link between Lake Erie and the port of New York pro- 
vided by the valleys of the Mohawk and the Hudson 
gained the ascendancy over the St Lawrence route 
with the completion of a barge canal between Buffalo 
and Albany in 1823 The ascendancy resulted partly 
from a major physical advantage of the more southerly 
route, and partly from the fact that 16 was an 'all- 
American’ route between the Middle West and Europe 

The major physical advantage of the Lake Erie— 
New York route is the year-round ice-free condition 
of the port of New York Inherent in the location of 
the St Lawrence, a location which in all other respects 
has proved advantageous, 1s one of its most serious 
limitations The winter climate of a region so located 
in the north-eastern quadrant of a contment withm 
the northern hemisphere 1s long and extremely cold 
Below freezing temperatures for at least four months 
result m the St Lawrence bemg turned into an ce- 
way rather than a waterway From the year 1887 
until the present day the average date on which the 
ship channel between Quebec and Montreal has been 
open for navigation has been April 17, the earliest 
date throughout that period was March 19 and the 
latest date May 1 The average date of the last 
departure from Montreal was December 4, the earliest 
was November 21 and the latest December 19 
Amelioration of conditions during the past decade 
and more recently assistance from icebreakers have 
resulted m the lengthenmg of the navigation season 
by about two weeks With the completion of the 
Seaway 1t has been suggested that the navigation 
season might well be even further lengthened by an 
merease in the number and the efficiency of 1ce- 
breakers, the use of aerial ice surveys and the 
improvement of aids to navigation 

An eight-month navigation season on the St 
Lawrence and the Great Lakes compared to year- 
round navigation on the Atlantic coast south of the 
Gulf of St Lawrence has probably militated against 
the development of the full potential of the St 
Lawrence and the Great Lakes more than any other 
factor, though if deep navigation had been more 
readily available this limitation would perhaps not 
have been considered quite so disadvantageous 

The other major physical limitation of the Great 
Lakes-St Lawrence waterway has been, of course, 
the series of falls, rapids and shallow connecting 
channels, which unfortunately abound withm the 
system, especially between Montreal and Lake Huron 
The long delay m successfully circumventing these 
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obstacles has not been due to engineering difficulties 
but rather to the sheer expense mvolved In the 
upper St Lawrence, that is between Montreal and 
Lake Ontario, all the pre-Seaway canalization was 
undertaken by Canada, at an expense which was very 
considerable for a relatively small and youthful 
country Only m recent years when ıt became feasible 
to merge schemes for the provision of navigation 
facilities and the development of hydroelectric power 
did the expense appear not too burdensome, for both 
Canada and the United States It ıs fortunate that 
the most serious liabilities of the whole Great Lakes— 
St Lawrence system are, at one and the same time, 
very great assets The upper St Lawrence, which 
has over the years proved the most serious obstacle 
to the 1rmprovement of navigation, to-day provides 
almost 4,000,000 horse-power of electricity 

The natural deep navigation throughout much of 
the Great Lakes and on the lower St Lawrence and 
the falls and rapids, seen either as obstacles to 
navigation or as water-power sites, owe their existence 
to a varied geological and physiographical history 
The entire drainage system. of the Great Lakes and 
the St Lawrence covers an area approximately 
678,000 square miles m extent, within three of 
the major geological and physiographical regions 
of the contiment the Interior Lowlands, the 
Canadian Shield and the Appalachians The 
Great Lakes and the valley of the St Lawrence 
he chiefly within the north-eastern section of the 
Interior Lowlands Here a great series of Palsozoic 
sedimentary rocks, primarily limestones, dolomutes, 
shales and sandstones, take a basm-lhke form, over- 
lapping on to the rocks of the Shield and the 
Appalachians to the north and the east Differential 
erosion on these Paleozoic rocks has produced a 
series of cuestas best typified by the famous Niagara 
Escarpment, and lowlands, which are to-day partly 
occupied by four of the Great Lakes and sections of 
the St Lawrence Valley In general, dolomites and 
limestones tend to form the higher parts of the region 
and are the ‘fall-makers’, while the shales have been 
removed extensively to form the lowlands and par- 
ticularly the four lower lake basms Lake Superior 
lies entirely withm the Precambrian rocks of the 
Canadian Shield The Great Lakes probably owe 
their origi to a combmation of events—structural 
depression, fluvial erosion, glacial deepenmg and 
morainic damming These events gave rise to the 
great size and depth of the Great Lakes The deepest 
pomt m Lake Superior is 1,302 ft, that ıs, 700 ft 
below sea-level, while Lake Michigan has a maximum 
depth of 923 ft, Lake Huron 750 ft, Lake Ontario 
774 ft , Lake Erie is relatively shallow, with an 
average depth of only 58 ft The water surface of 
the Great Lakes covers an area of 95,000 square miles, 
an area almost as great as that of the British Isles 

The surface of Lake Superior averages 602 ft above 
sea-level The drop to sea-level 1$ concentrated in 
two sections of the dramage system between Lakes 
Erie and Ontario and im the upper St Lawrence 
between the outlet of Lake Ontario and Montreal 
There is a total drop of 326 ft from Lake Ene to 
Lake Ontario, with a vertical drop of 168 ft at 
Niagara Falls, where the outflow of Lake Erie drains 
across the resistant Lockport dolomite of the Niagara 
Escarpment Between the outlet of Lake Ontario 
and Montreal the St Lawrence drops a total of 
246 ft m a distance of 183 miles, and m domg so 
flows across alternating resistant igneous and weaker 
sedimentary rocks, which has given rise m turn to a 
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series of alternating rapids and lake basms Immedi- 
ately on leaving Lake Ontario the St Lawrence flows 
across a southerly extension of the Canadian Shield, 
the Frontenac Axis This section 1s known as the 
Thousand Islands, it ıs wide, deep and free of 
rapids Below ıt a series of four rapids, collectively 
known as the International Rapids, because here the 
Canada—United States border runs along the St 
Lawrence, provide a drop of 92 ft m a distance of 
44 miles These rapids, mcluding the famous Long 
Sault, have to-day disappeared under the power pool 
of the St Lawrence Dam Here the engmeers won a 
briliant victory over the St Lawrence by 1aismg 
the waters of the river 81 ft behind a dam built 
below these falls They have developed tremendous 
water-power and at the same time provided excellent 
deep navigation which replaces a series of four 14-ft 
deep canals of the old St Lawrence canal system 

Downstream from the International Rapids section 
Lake St Francis drains via another series of four 
rapids with a total drop of 82 ft Agam this major 
obstacle has been circumvented by a combined power 
pool and deep waterway known as the Beauharnois 
Canal Here again there 1s a potential 2,000,000 horse- 
power of electricity, three-quarters of which has 
already been developed The final major drop of the 
St Lawrence occurs where Lake St Louis drains 
over the Lachine Rapids The drop of 50 ft has not yet 
been harnessed for the development of electric power, 
and the Lachme Rapids have remamed solely as an 
obstacle to navigation They have additional geo- 
graphical significance in that the city of Montreal has 
developed largely as a result of the Lachme Rapids 
bringing natural deep navigation toan end at this point 

The value of the many considerable drops in 
elevation withm the Great Lakes-St Lawrence 
system as water-power sites 1s considerably enhanced 
by two additional physical attributes of the region 
The Great Lakes m particular, but also the myriads 
of large and small glacial lakes withm the Canadian 
Shield, act as vast reservoirs with a tremendous 
storage capacity which results 1n the outflow not only 
being considerable but also m bemg regulated to a 
remarkable degree The maximum average flow 1s 
about 310,000 cu ft per sec and the mmmum 
144,000 cu ft per sec The variation of about 2 to 1 
is m striking contrast to the flow of the Columbia 
River, with a ratio of 35 to l, and the Mississippi 
River, with a ratio of 25 to 1 The average flow m 
cu ft per sec obviously increases downstream, being 
71,000 between Lakes Superior and Huron, 194,000 
on the Niagara River, 237,000 m the International 
Rapids section, and 1t reaches a maximum volume 
of 262,000cu ft persec where the Ottawa River joms 
the St Lawrence The relatively uniform annual pre- 
cipitation within the drainage basin also contributes 
to the uniform flow and the tremendous volume of 
water m the system Precipitation varies from 25 to 
43 in, with a mean of 33 in 

The completion of the combmed St Lawrence 
Seaway and Power Projects brings to a satisfactory 
stage the development of navigation facilities on the 
Great Lakes and the St Lawrence and brings closer 
the complete utilization of the tremendous water- 
power available Man has long awaited the day when 
the full economic potential of this vast system would 
be realized This stage may not yet have been 
ieached, but economie and technological develop- 
ment will probably no longer hinder absorption of 
any remaining potential mto the navigation and power 
systems of the Great Lakes and the St Lawrence 
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Fig 2a Vector diagrams showing the horizontal plane magnetic 
effects of the explosion of August 1 Times are GMT 


local E- or F-region winds in the area of increased 
1onization produced by these particles, particularly 
near the conjugate pomt 

Mam phase Gas motion due to the explosion 
which, by the time of maximum of this phase, extends 
to the region of the meridians through Honolulu and 
Jarvis Islands G A M Kmg and C H Cummack 
(personal communication) mdependently propose a 
shock front spreading from Johnston Island with 
radially uniform horizontal speed They associate 
the arrival of this at each station with the time of 
maximum of the main phase there, except at Apia, 
where they associate ib with the time of maximum 
of the final phase 

Adopting the idea of a circular horizontal bound- 
ary centred on Johnston Island, applied to an 
expanding conducting cloud, we suggest a broad 
qualitative interpretation of the magnetic vectors 
as follows 

Fig 3A shows the type of distortion produced in the 
horizontal magnetic field, assuming that the lines of 
force are to some extent frozen m the gas 

Fig 3B shows a current system which might be 
produced by the emf induced in the northern 
section of the cloud moving agaist the Earth's 
vertical magnetic field, with return current moving 
preferentially along the meridian and Imkmg up m 
the region of high 10nzation near the conjugate pomt 
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Fig 2b Vector diagrams showing the horizontal plane magnetic 
effects of the explosion of August 19 Times are GMT 
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Fig 3 (4) Distortion of Earth's horizontal magnetic field by 
expanding conducting cloud during the main phase (B) Electric 
current induced by motion against Z of northern section of 
expanding cloud during main phase (C) Current system 1n vertical 
plane across section .Y—Y to approximate distortion in (4) 
combined with the current system of (B) (D) Electric current 
induced by motion against Z of southern section of expanding cloud. 
during final phase 
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Fig 30 shows a vertical section across X—Y of 
Figs 34 and B In this 1s pictured a current system 
which 1s imagined to combme that of 3B with cur- 
rents to approximate the distortion shown in 34 

Note that the return current across the equator 
contributes to the required distortion, and we suggest 
that this as well as anisotropic conductivity control 
the direction of flow. 

Final phase A later development of the motion 
producing the mam phase, corresponding to the 
passage of the shock front over Apia as postulated 
by Kung and Cummack In Fig 3D we suggest an 
interpretation of the magnetic vectors on this idea 
This current system would depend on the abnormal 
ionization still situated m the whole region between 
Johnston Island and the conjugate point 

The development of all phases after the first 
explosion is faster, and affects a wider region, con- 
sistent with the belief that the first was the highest 

We hope to publish a full account of this work m 
the N Z Journal of Geology and Geophysics 


J A Lawrie 
V B GERARD 
P J Gr 


Magnetic Survey, 
Geophysics Division, 
Department of Scientific and Industrial 
Research, 

Christchurch, New Zealand. 

May 28 
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Some Geomagnetic Phenomena associated 
with Nuclear Explosions 


THE three International Geophysical Year stations 
operated m the central Pacific by the Scripps 
Institution of Oceanography have consistently 
recorded magnetic disturbances followmg, and appar- 
ently caused by, the various nuclear tests conducted 
by the British m the viemity of Christmas Island 
This fact ıs particularly mteresting because, unlike 
the American bomb which was exploded in the 10no- 
sphere over Johnston Island on August 1, 1958, 
producing auroral and magnetic effects over a large 
area of the Pacifie!, the British tests are believed to 
have occurred at relatrvely low altitudes in the lower 
atmosphere 

Fig 1 shows magnetograms for the explosion of 
April 28, 1958, and Fig 2 the positions of the observing 
stations relative to the shot pomt, which was stated 
to have been withm ten miles of 1° 40’ N, 157° 15’ 
W The altitude has not been disclosed, but official 
reports mdicate that the device was dropped by a 
Vahant jet bomber, and ıt may be supposed that the 
height of detonation was substantially less than the 
ceiling of about 60,000 ft for that class of acraft 

The pronounced anomalies m Z and D, which 
reach a maximum at Jarvis and Fanning between 
12 and 15 min after the event and at Palmyra about 
10 mm later, are similar in character to those which 
followed other tests, and we have no doubt that they 
are directly related to the nuclear explosion We 
have examined magnetograms from the nearest 
magnetic observatories outside the mmediate area, 
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Fig 1 Magnetograms for the Christmas Island nuclear explosion 
of April 28, 1958 


that 1s, Apia, Guam and Honolulu, but have not 
found any magnetic effects that we can positively 
identify with this or with any other of the British 
tests This 1s surprising, because Apia and Honolulu 
are only about three tues as far as Palmyra from 
Christmas Island 

The disturbances recorded at our three stations 
have several features ın common They begin quite 
suddenly after a delay of several mmutes (rather 
longer at Palmyra than at the other two stations), 
they move in the same relative phase and they persist 
for about half an hour, but perhaps the most strikmg 
feature of the magnetograms ıs the absence of any 
observable disturbance ın H correspondmg to the 
major disturbance m Z and D (though an unusual, 
and probably related, type of local disturbance m H 
at Palmyra commenced about 26 mm after the event 
and lasted for about 20 min) The absence of an H 
component would be explamed if the phenomenon 
involved horizontal currents parallel to the magnetic 
meridian, and in this connexion ıt may be noted that 
the Earth’s magnetic field 1s very nearly horizontal 
throughout the area More generally, possible 
mechanisms for producing such disturbances melude 
(a) the motion of charged particles, 1n certam ccum- 
stances controlled by the Earth's magnetic field , (b) 
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Fig 2 Positions of the Scripps International Geophysical Year 
stations relative to the shot point near Christmas Island 


the modification of existing ionospheric currents 
through displacement of the conducting medium or 
changes in conductivity , (c) the mechanical disturb- 
ance of a magnetic field frozen mto a mechanically 
disturbed conducting medium To these must be 
added the secondary effect of mduction within the 
Earth 
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In order to brig out more clearly the vector char- 
acteristics of the disturbances, diagrams have been 
constructed showmg the time variation of ther 
projections in various planes, measured as the 
departure of the observed field from an assumed 
smooth background (represented by the origin of the 
vector diagram). Fig 3a shows diagrams for the 
vertical plane perpendicular to the magnetic meridian 
The explanation of the large time delay at Palmyra 
is now seen to be that, although the vectors at all 
three stations reach peak values m one direction 
between 12 and 16 mm and m the opposite direction 
between 23 and 27 mm , the directions and amplitudes 
of the two peaks at Palmyra are reversed 

Fig 3b shows the correspondmg diagrams fo: the 
Johnston Island explosion of August 1, 1958 Having 
regard to the altogether different geographical 
positions and altitudes of the two events, the simi- 
larity of the two sets of diagrams is remarkable 
However, unlike the Christmas Island explosion, the 
Johnston Island event produced changes in H com- 
parable m magnitude with those m D and Z Fig 4 
Shows vector diagrams of the disturbance in the 
horizontal plane, plotted to show the relative direc- 
tions of the magnetie veetor, Johnston Island and 
the conjugate pomt (takmg Elhot and Quenby’s 
position?) at each station Ths event produced 
effects not observed m connexion with the Christmas 
Island tests, for example, an instantaneous change in 
H of about 10 gammas 

It is clear from the complicated nature of the 
Johnston Island disturbance, and from the extent to 
which it resembled the disturbance produced by the 
dissumiar Christmas Island event, that no simple 
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Vector diagrams of the disturbance ın the vertical plane perpendicular to the magnetic meridian for (a) the Christmas 


Island explosion of Apr: 28, 1958, (b) the Johnston Island explosion of August 1, 1958 The small figures indicate the time in 
minutes after the event 
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for the Johnston Island explosion of August 1, 1958 The small 
figures indicate the time 1n minutes after the event 
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explanation of the magnetic phenomena ıs to be 
expected, it ıs probable that several distinctly 
separate mechanisms are involved 
R G Mason* 
M J Vrrousex 
Scripps Institution of Oceanography, 
La Jolla, Cahforma April 30 


* Also of the Geophysics Department, Imperial College of Science 
and Technology, London 
1Cullington, A L , Nature, 182, 1365 (1958) 
*Elhot, H , and Quenby, J J , Nature, 183, 810 (1959) 
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Carrier Gas and Sensitivity in Gas 
Chromatography 


A RECENT article! takes issue with the “popular 
belief that the use of hydrogen or helium as the 
carrier gas in gas chromatography gives the highest 
sensitivity with a thermal conductivity detector, 
because the difference m thermal conductivity 
between organic vapours and hydrogen or helium 1s 
greater than for any other carrier gas" The article 
goes on to show that, for methane and ethane ab 
least, the sensitivities are considerably higher with 
carrier gases that have a lower thermal conductivity 

The communication by Dr Ray, however, treats 
the special case where the bridge current of the detec- 
tor 1s held constant In practice, not the bridge 


NATURE 


September 5, 1959 ve. 184 


current, but the filament temperature 1s held constant 
Under these conditions, helrum is nearly ten times as 
sensitive as argon 

A standard C, hydrocarbon mixture was analysed 
on the same gas chromatographic column under the 
same condition with both helium and argon as 
carrier gases, while holdmg the bridge current 
constant at 150 mamp Values of the sensitivity 
parameter? (S-values) were calculated for the entire 
mixture; the S-value for argon was 252, for helium 
300 Ad hoc experiments show that the filament 
temperature will be the same with helium as a carrier 
gas, operating with a bridge current of 350 m amp , as 
with nitrogen or carbon dioxide as carrier gas with a 
bridge current of 150 m amp ; argon is in the samo 
range as nitrogen or carbon dioxide The S-value for 
C, hydrocarbons in helium, with a bridge current of 
850 mamp, ıs approximately 3,000 In argon, a 
bridge current of this magnitude would cause the 
filament to burn out The S-values obtaimed at the 
same filament temperature closely check tho differ- 
ences that would be expected for argon and helium 
based on the differences of their thermal conduc- 
tivities and the thermal conductivities of hydrocarbon 


vapours helmm ıs 3,480, argon 398, and n-butane 
322 
E M FREDERICKS 
M DrwBAT 
F H Srross 


Shell Development Co , 
Emeryville Laboratories, 
Emeryville, 
Cahfornia 
1 Ray, N H, Nature, 182, 1663 (1958) 


z miii M , Porter, P E ,and Stross, F X, Anal Chem , 28, 290 


Wamms it is true that a higher sensitivity can be 
obtamed by usmg a higher bridge current, 16 1s not 
usually possible to do this with commercial gas 
chromatography mstruments, because manufacturers 
wisely limit the supply voltage to a level at which the 
katharometer filaments do not fuse in air or nitrogen 
Even with home-made instruments the bridge 
supply voltage may be a limiting factor, smce to 
maintain the same filament temperature m helium 
as in argon the voltage must be mereased nearly 
thee times 

N H Ray 
Imperial Chemical Industries, Ltd , 
Alkah Division, 
Winnington, 
Northwich 


Measurement of Intergranular Diffusion 
in a Silicate System: Iron in 
Forsterite 


Many geochemists and petrologistst concerned 
with the role of sohd state diffusion m material 
transfer ın silicate systems have noted the possibility 
that grain boundaries and dislocations might act as 
avenues for relatively rapid movement of the diffusmg 
ions Studies on metal systems are usually cited as 
evidence for this phenomenon We wish to report 
some prelimmary measurements on & silicate system 
where gram boundary diffusion seems to predominate 
in diffusive transfer 

The system used for the study was polycrystalline 
forsterite (magnesium orthosilicate) with ferrous 
ion as the diffusmg material Pellets were prepared 


September 5, 1959 


No 4688 


fiom stoichiometric mixtures of the pure oxides by 
compression at 15,000 Ib /sq in and smtermg at 
approximately 1,600" C The samples were broken 
up and the operations were repeated four times to 
assure homogeneity Radioactive iron-55 m a ferric 
chloride carrier was used as tracer, bemg apphed 
as a spot ın the centre of the forsterite disk This 
was baked briefly at 1,000° C to form ferric oxide, 
and then reduced at 900° C 1n a controlled atmosphere 
of carbon dioxide and carbon monoxide adjusted 
to produce fayalite? (ferrous orthosilicate) After 
mieroseopie examination to detect imperfections and 
non-adherence, the sample was counted with an end- 
window Geiger counter under conditions such that 
the counting geometry could be reproduced exactly 
The surface-decrease technique was used The 
application of this method to the diffusion of iron-55 
in oxides has been described in detail by Himmel, 
Mehl and Birchenall? and by Carter and Richardson‘, 
and similar methods were applied here The diffusion 
annealing was carried out in the range 1,000~ 
1,200° C im the controlled atmosphere furnace 
Exploratory sections were taken m a few samples 
after diffusion by careful removal of active layers by 
grmding ın a holder, and residual activity and thick- 
ness were measured after the removal of each layer 
A few samples were ground at an angle, and auto- 
radiographs were taken with Eastman ‘No-screen’ 
X-ray film 

Results for the diffusion coefficient as & function of 
temperature are plotted in Fig 1 The straight hne 
calculated according to the least-squares method 
corresponds to the equation 


D = 4 17 x 10° exp(— 38 8 kcal /RT) em * sec ~! 


The statistical limits for 95 per cent confidence 
for the activation energy are + 3 6 kcal 

The results for sectionmg are given m Fig. 2, for 
one typical example, and are plotted as log actrvity 
against both penetration distance and the square 
of this distance According to Fisher’, theory would 
predict a straight lme in the former case for grain 
boundary diffusion, and a straight lme in the latter 
case for lattice diffusion It will be noted that gram- 
boundary movement 1s mdicated In all cases, 
autoradiography confirmed this conclusion Penetra- 
tion was found to be non-uniform and concentrated 
on Imes and spots which were rather poorly defined, 
presumably because of the relative long range of the 
X-radiation from iron-55 

Despite their importance 1n geological, ceramic and 
metallurgical systems, few determinations of diffusion 
in solid silicate systems have been made Most 
notable have been the measurements of Lindner’ 
His work indicates energies of activation for such 
systems of 47 kcal or greater The value of 38 kcal 
found for the present system may be indicative 
of the greater ease of material transfer through grain 
boundaries The picture of such interfaces as regions 
of iome misfit with consequent concentration of 
lattice vacancies and dislocations makes the easier 
motion of solute ions through such sites readily 
understandable 

In most sohd systems boundary diffusion 1s con- 
sidered to play but a munor part m material transfer 
mn comparison with lattice diffusion at temperatures 
above the Tammann temperature (approximately 
0 5 Tm, where T'm 1s the melting pomt ın degrees K ) 
because of the small area of the boundaries compared 
with the aggregate crystal area The temperatures of 
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Fig 1 Diffusion coefficient as a function of temperature 


the measurements of thus study are in this range 
However, in orthosilicates we have a close-packed 
array of ions which may be considered to offer a 
singularly unfavourable condition for lattice diffusion 
and prove an exception to the above rule In sucha 
system, boundary diffusion might be expected to be 
greater than lattice diffusion, and measurements do 
seem to give a relatively unambiguous mdication 
that such boundary diffusion can play a part m 
transfer m a silicate system 
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Fig 2 Variation of activity with the distance and with the 
square of the distance, in a Peel ones. sample after diffusion 
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It ıs of mterest to calculate the distance of appre- 
cable material transfer that would be possible 
through this mtergranular pathway m geological 
periods of tume—say, 10° years By using the mean 
displacement equation, X = (Dt) giving the rela- 
tionship between the diffusion coefficient D, the time 
t, and the distance of transfer of the average concen- 
tration of diffusmg material X, we can obtain an 
approximation of this last In the range of 1,000°— 
1,200° C one finds that a displacement of only 5-17 
em ıs to be anticipated 

In considerations of petrographic metasomatic 
processes, particularly thosa involved in ‘the great 
granite controversy’, much argument has centred 
on the possible mechanisms of transfer of large 
quantities of matter, sometimes through geat 
distances’. One group has sought to account for 
such transfer by solid state diffusion, and particularly 
by the intergranular pathway for such diffusion 
Withm the hmitations of the conditions and the 
system studied, the above results would tend to 
support those who discount the role of diffusion in 
long-distance mass transfer, even through the 
supposedly easy route of the grain boundary. 


JouN J NAUGHTON 
Yasuo FUJIKAWA 


Department of Chemistiy 
University of Hawan, 
Honolulo, 14 
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Influence of Gold in a Mercury 
Electrode on Certain Electrode 
Processes 


Ir is usual to study electrode processes using 
hanging-mercury mucroelectrodes. Some authors 
prepare these electrodes by hangmg a small mercury 
drop on a gold wire or a gold-plated platinum wire, 
deliberately neglecting the presence of the gold for 
its electropositive potential Such an electrode 1s how- 
ever an amalgam electrode, and, as we have shown, 
gold can mfluence the electrode processes of those 
metals which combme with it to form mtermediato 
compounds 

The actual concentration of gold m different parts 
of the electrode 1s variable and dependent upon time, 
partly due to contmuous diffusion of the gold 
However, adopting certam approximations, it is 
possible to evaluate ıt For a mercury drop with a 
radius of 0 05 cm on ẹ& gold wire with a surface area 
of 0 1 mm ? the concentrations of gold 1n the mercury 
20, 60, 200 sec after the drop was first suspended on 
the wire are, respectively, 0 001, 0 05 and 0 01 per 
eent To ascertain whether those concentrations aie 
sufficient to form mtermetallic compounds on the 
surface of the electrode we have prepared 0 001, 0 01 
and 0 1 per cent gold amalgams for use with the 
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electrodes previously described! With these elec- 
trodes, 5 x 10-4 N solutions of lead, thallium, cadmium 
and zinc 10ns were mvestigated, by means of cyclic 
polarization of the electrode, usmg different rates of 
voltage sweep and recordmg the corresponding 
voltammetric and oscillographic curves 

It was confirmed that the presence of gold in the 
electrode greatly mfluences the electrode processes of 
zie Wig lo shows the cyclic voltammetric curves 
for zinc on the 0 1 per cent gold amalgam electrode 
(curve 1) and on a mercury electrode (curve 2) They 
differ significantly m both eathodizmg and in anodiz- 
ing 

On gold amalgam the cathodic process 1s shifted 
about 20 mV towards more positive potentials 
compared with & pure mercury electrode The 
differences m the anodic processes are even more 
pronounced Zinc ıs not oxidized at the reversible 
potential (about —1 0 V), which is caused by the 
formation ın mercury of a compound, AuZn, that 
can be oxidized at more positive potentials A similar 
effect can be observed even with less concentrated 
amalgams Fig lc shows the oscillopolarographic 
curves for zine at a frequency of 4 c/s when the 
exposure was 30 sec and the concentration of gold m 
the amalgam 1s 0 01 per cent The more pronounced 
effect is seen ın Fig 1b, where the voltage sweep was 
03 V [seo It is evident that both the reduction 
current for zme ions, and the oxidation current of 
zinc from the amalgam, decrease with tıme when the 
compound AuZn 1s formed This does not occur with 
the pure mercury electrode The influence of gold 
can be neglected only when its concentration m the 
amalgam 1s less than 0 001 per cent 

Similar effects were observed for cadmium, although 
the intermetallic compound AuCd 1s not so stable as 
AuZn Its formation can be observed when the 
concentration of gold exceeds 0 01 per cent No 
influence of gold on the electrode processes of lead 
and thallium was found 

Those experiments show clearly that the use of 
gold or gold-plated wires for suspending the mercury 
drop can give erratic results 1f the formation of 
intermetallic compounds is neglected 

On the other hand, our technique for preparing 
hangmg-mercury drop electrodes does not suffer from 
this difficulty 


Wiretor KEMULA 
ZENON KUBLIK 
ZBIGNIEW GALUS 


Institute of Physical Chemistry, 
Polish Academy of Science, 
Warsaw 22 
March 13 
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Carbonate Minerals in Hydrated Portland 
Cement 


ArnTHOUGH the physical effects of the carbonation 
of hydrated cements and mortars have been studied!-?, 
the way m which the carbon dioxide 18 held has not 
yet been clearly established Most workers have 
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assumed that ıt exists ın the form of calcite , but in 
work at this Division?.* and elsewhere® the quantity 
of ealeite detected by X-ray diffraction and differen- 
tial thermal methods 1s always much less than the 
amount of carbon dioxide recoverable from the 
samples We have investigated this problem m some 
detail usmg samples of mortar and carbonated 
calcium sihcate hydrate 

From a study of the X-ray diffraction patterns of 
the materials before and after carbonation, using a 
Guinier-type focusmg camera of high dispersion, 
we have concluded that the carbon dioxide 1s chemic- 
ally bound as calcium carbonate largely in the form 
of poorly crystallized vaterite, aragonite and calcite 
These minerals have three-dimensional lattices , 
this does not support the suggestion of Gaze and 
Robertson’, based on imduirect evidence, that the 
carbon dioxide m carbonated tobermorite could be 
present as two-dimensional calcite Our results also 
show that well-crystallized calcite 1s present m small 
quantities, but that 1ts amount 1s not greatly increased 
by carbonation In the past, X-ray analyses have 
determmed the amount of this well-crystallized 
calcite, rather than the amount of the less easily 
detected poorly crystallme forms now proved 
to be present, and so have failed to account 
for all the carbon dioxide found in carbonated 
mortars 

Other workers!-? have shown, and we confirm, that 
the calcium carbonate minerals have formed both 
from the decomposition of hydrated cement minerals 
and from calcium hydroxide produced durmg the 
hydration of 3CaO $10, (ahte) to #CaO 810, yH,O 
in the setting of the cement As a result they are 
intimately associated with a siliceous residue with 
which they readily react on heating In differential 
thermal analysis the decomposition of the poorly 
crystallized caleite produces only a shght endothermic 
effect (at about 700° C) and its reaction with the 
siliceous residue to form larmite (6-2CaO 810,) 1s 
not exothermic Therefore this method, too, gives 
little or no indication of carbon dioxide minerals 
other than well-crystalhzed calcite (strong endo- 
thermic effect at about 850° C) m carbonated 
mortars 

Since carbonation of mortars requires the presence 
of moisture!-?, we suggest that the process takes place 
through the action of carbonic acid on cement mmerals 
yielding poorly crystallized vaterite, aragonite and 
calcite m the following manner Cement minerals > 
siliceous residue + calcıum hydroxide — vaterite + 
aragonite + poorly crystallized calcite — well-crystal- 
lized calcite 

A more detailed account of the mvestigation will 
be published elsewhere 
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Industrial Research Orgamzation, 
Graham Road, 

Highett S 21, 
Melbourne 
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IRRADIATION CHEMISTRY 


Structure of Thymine Hydroperoxide 
produced by X-Irradiation 


Weiss et al} have shown that X-xradistion of 
aerated aqueous solutions of nucleic acids, pyrimidine 
nucleotides or pyrimidine bases gives rise to hydro- 
peroxides In the case of thymine, they proposed the 
followmg possible structures 





(II) 


which are in agreement with previous preliminary 
results from this laboratory? As the hydroperoxide 
produced by X-irradiation of thymme was sufficiently 
stable to permit isolation, the synthesis of com- 
pounds corresponding to formule I and II was 


O 
NH 7 
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attempted in order to compare them with the 
products isolated from X-mradiated thymine solu- 
tions Each of these two compounds can presumably 
exist ın two forms, ces and trans 


(II trans) 


The trans compounds were sep- 
arately synthesized from a common 
starting material  érans-4-hydroxy- 
5-bromothymine, prepared by 
Jones’s method? Compound II 

j irans was prepared by treatment 
of the starting material with hydro- 
gen peroxide ın dilute hydro- 
chloric acid to give 4-hydroperoxy- 
5-bromothymine Bromme was 
eliminated by shakmg with silver 
oxide and centrifugmg The pro- 
duct was fieed of the last traces 
of silver oxide by extraction with 








Trans compounds 


a chloroformic solution of di 
thizone After lyophilization, the 











f N |^ respectively 


residue could be crystallized, with 
some difficulty, from acetone — 
petroleum ether To give com- 
pound I trans, the starting material 
was transformed into 4,5-dihy- 
droxythymune!, which was then 
treated with hydrogen peroxde 
After ehmunation of excess hydro- 
gen peroxide by repeated lyo- 
phihzations, the residue could be 
crystallized from acetone-benzene 
Compounds I trans, II trans and 
4 - hydroperoxy - 5 - bromothymine 
can easily be separated by paper 
chromatography, usmg n-propanol/ 
1 AN hydrochloric acid as a solvent 
(Table 1) 

The treatment of thymine ıt- 
self with hydrogen peroxide m 
the presence of catalytic amounts 
of osmium  tetraoxide gives a 
mixture of two peroxidic com- 
pounds, which can be resolved 
by paper chromatography, giving 
spots with Rr 05l and 0 62 
Since these two 
compounds do not behave on 
paper chromatograms like the tans 
hydroperoxides previously de- 
seribed, they probably are the cis 


Heat 
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Table 1 PAPER CHROMATOGRAPHY OF HYDROPEROXIDIO DERIVATIVES 
OF THYMINE 


Paper, Whatman No 1, solvent, n-propanol/l N hydrochloric acid 
(85/15, v/v), temperature during run, 2° C 


No 4688 


Compound Rr 
4-Hydi oxy-5-hydroperoxythymine eu* 051 
4-Hydroxy-5-hydroperoxythymmine trans* 0 33 
4-Hydroperoxy-5-hydroxythymine cu* 0 62 
4-H.ydroperoxy-5-hydroxythymine trans* 0 43 
4-Hydroperoxy-5-bromothymine trans* 0 83 
4-Hydrogen peroxide* 0 68 
Thyminet 0 55 


di Dotooted by spraying a 4 per cent alcoholic solution of potassium 
todide 


t Detected in ultra-violet ight 


compounds On heating a solution of the mixture, 
the product with Ry 0 51 ıs transformed into a 
product giving a spot with Rpr 0 33, while the product 
with Ry 0 62 remams unchanged Accordingly, 1t 
may be suggested that the product with Ep = 0 51 
corresponds to formula IT c», as mdieated m Table 1 
These syntheses and the relationships between the 
compounds are summarized in the scheme on p 58 

All the compounds can be reduced at the droppmg 
mercury electrode m 0 1 M potassium sulphate at 
the same potential near 0 volt, agamst the saturated 
calomel electrode at 25° C They behave similarly 
on ‘Dowex 50—H*' columns 


100 


50 


Percentage initial thymine 





0 200 400 600 800 
Dose (kr ) 


Fig 1 Destiuction of thymine (— x — x —) and total production 

of hydroperoxide ) by X-irradiation of a 10° M 

thymine solution by X-rays of 40 kV , filtered through 0 04 mm 
aluminium , dose, 25 kr ,1n air 


In Fig 1 are shown the curves relating dose to 
thymme destruction and total hydroperoxide produc- 
tion, durmg X-mradiation m am A 10-?-M solution 
of thymine, after radiation with 400 kr , contamed 
21 x 10-5 M hydrogen peroxide and 19 x 10-4 M 
hydroperoxide After repeated lyophihzations, the 
residue was put on a “Dowex 50-X 8’ column, 
lem x 50 cm, m 01 N hydrochloric acid The 
eluate was collected m 4-ml fractions Hydro- 
peroxidie products, detected by the iodide reagent, 
appeared in fractions 5-11, and unchanged thymme 
in fractions 16-21 After paper chromatography and 
spraying with iodide reagent, material contained in 
fractions 5-11 gave a strong spot at the level of the 
spot given by compound I czs and a famt one at the 
level of the spot given by compound I trans Control 
chromatographs of various mixtures of synthetic 
peroxides and peroxides produced by X-irradiation 
demonstrated that the latter cannot be distinguished 
from the former with corresponding Rp’s Therefore, 
it may be suggested that X-irradiation of thyme m 
aqueous aerated solutions actually produces hydro- 
peroxides T trans and I crs 
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We wish to thank Dr R Laterjet foi his interest 
throughout this work 
B. EKERT 
R MONIER 


Fondation Cure et Laboratone, 
Pasteur de l'Institut du Radium, 
Paris 
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Uitra-violet Irradiation of 
l,3-Dimethylthymine 


WHEN 5,6-unsubstituted pyrimmudimes (I) such as 
uracil, uridine and 1,3-dimethyluracil are mradiated 
with ultra-violet lght, the absorption spectra 
gradually deciease] with a sumultaneous increase in 
end absorption These spectra can be reversed to 
the ouigmal by acid, alkali or heat! 


(1) GI) 


However, compounds substituted in the 5-position 
(IL, such as thymune, thymidine and 1,3-dimethyl- 
thymine, do not show reversal under similar con- 
ditions Most investigators have suggested that this 
difference may be due to totally different photo- 
chemical reaction mechanisms ın the two cases? 

Upon close examination of these two groups of 
compounds ıt appears that they probably have the 
same electronic distribution, because the ketonic 
form as shown above is probably the common and 
predominant configuration in both’. Smee tho 
interaction with ultra-violet light 1s related to the 
electronic state of a compound, 1t 1s not unreasonable 
to assume that the mitial step is similar for both 
groups of compounds 


Ae 


o 
| EH 
n N AN "mE 


PN —OH A —OH 
6. S ARA 
R H R H 
(IV) (II) 


If the above assumption ıs tiue, then 6-hydroxy- 
hydrothymunes (III) would be expected as tbe first 
products, because 6-hydroxyhydrouracils (IV) have 
been shown to be the first products of the irradiation 
of uracils (I)! The reconstitution reactions of uracils 
were found to be dehydiationst For thymunes, such 
dehydration would involve the much more reactive 
III*-H rather than the YI?-H asin the uracils There- 
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fore, the dehydration of III is probably much faster 
than the photo-addition of water to II This reverse 


hv, HOH 


— 


iI III 


—HOH 


reaction would prevent the detection of III during 
and after radiation, and would not be associated 
with a decrease m the absorption spectrum of II 
Actually, however, this spectrum decreased with 
irradiation, and probably was due to further reactions 





NATURE 


September 5, 1959 vo. 184 


Upon hydrogenolysis of the 5-bromo-6-hydroxy 
derivatives of uracils, however, the following yields 
of 6-hydroxy derivatives were obtamed in solution * 
from uridine, 40 per cent, from 1,3-dimethyhwacil, 
80 per cent , and from uracil, 30 per cent Therefore, 
this suggested that III has a much greater tendency 
for dehydration than uracils have Second, 1,3- 
dimethylthymune was irradiated in aqueous solution 
until a flat ultra-violet spectrum was obtained The 
radiation products were then separated and purified 
One of the products has been identified as N,N’- 
dimethylmethylmalonamide (VI, mp 157-1858? C 
Found C, 5008, H, 839, N, 19 42 Synthetic 


of III to form irreversible compounds For such VI, mp 157-158? C, mixed mp with mradiation 
reactions there are two possible routes product 157-158? © , Found C, 50 02, H,825, 
(0) o 
| H | H 
o i —00 
mE Zon, py EH 
(IFT) H 
/\ N 
M0 SN” 0 HN’ ^O 
NN R (V) R (VI) 
N 
NM 0 o o 
mS | = | | 
pa ^. 
RN COH, M, OR | c AN sicot 
\_ 2 3 "zu 
PA PA Í 
J ww ^n J Nw "cm, J Ny 
R R R 
(IILA) (VIX) (VIII) 


If carbonum 10ns (IITA) were formed from III, then 
through rearrangement exher VII or VIII or both 
could be the products If ‘oxidation’ were to occur, 
according to the route already established for uracils, 
then V would be the mtermediate Upon decarb- 
oxylation N,N’-dimethylmethylmalonamide (VI) 
would be the product* 

In order to support experimentally the above 
arguments, the followmg two pomts would have to 
be demonstrated first, the intermediate of hydration 
(III) must be shown to be much more unstable than 
that of 6-hydroxyhydrouracils (IV), second, one of 
the radiation products via the mtermediate (III) 
would have to be isolated 

We have used 1,3-dimethylthymine as a model 
compound First, 5-bromo-6-hydroxy-1,3-dimethyl- 
hydrothymime (IX) was prepared and was reduced in 
a manner identical with that used for the preparation 
of 6-hydroxy-1,8-dimethylhydrouraci s ^ Examma- 
tion of the ultra-violet spectrum of the reaction solution 
suggested that only 1,3-dimethylthymme was ob- 
tained as the product with little indication of the 
existence of 6-hydroxy derivatives 


[0] 
| Br 
CH, 


Z Vv H,, buffered —HOEH 
RN Cut: — —. II 
H7 
A ES ? 
d xL OH 
R H 


(IX) 


N, 19 65 The infra-red spectra of synthetic VI and 
the irradiation product were identical ) On the basis 
of this evidence we would lke to suggest that 1,4- 
addition of water to the thymine derivatives 1s the 
first step 1n the ultra-violet radiation effect 

By exammation of the quantum yields of the 
irradiation of thymine both in light and heavy water, 
Shugar has drawn the conclusion that the uptake of 
a water molecule 1s not mvolved* From our findings 
15 would appear that the measurements he made were 
actually of the subsequent slower steps and probably 
not for the mmitial fast reversible step 

Therefore, from the above findings, we have 
demonstrated that uracil and cytosme derivatives 
react similarly toward ultra-violet wradiation This 
emphasized the fact that for the photochemical 
pathway of ultra-violet irradiation effects, the 
differences m electronic distributions of compounds 
are of more importance than the differences m ther 
structures They further suggest that the hydration 
product (III) may be of umportance in photoreactiva- 
tionreactions Although the first radiation products 
of uracils exhibit the phenomenon of reversibility, 
the irradiated uracils are stable under the customary 
photoreactrvation conditions Under biological con- 
ditions, however, the unstable initial thymine pro- 
ducts (III) might be stabilized by secondary linkages, 
for example, H-bonds, m the nucleic acids The 
H-bonds so formed could be broken by the usual 
photoreactivation conditions Thus, thymunes might 
be reconstituted and agam show the biological activity 
of the original bases 

This work was carried out under the terms of 
Contract AT(30-1)911 of the Atomic Energy Com- 
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mission with the Physiology Department, Tufts 
University School of Medicme I wish to thank 
M Apicella and B R Stone for their able assistance 
Sur Yr Wana 

Department of Physiology, 

Tufts University School of Medicine, 
136 Harrison Avenue, 
Boston 11, Massachusetts 
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Degradation of Thiotaurine by lonizing 
Radiations 


THE degradation of sulphur-contamimg compounds 
by 10nang radiation has been extensively studied!-3 
in view of the protective action of those compounds 
against radiation damage in animals Recently, 
thotaurme (ammoethylthiosulphonate) has become 
available for chemical and biological mvestigation*® 
Since thiotaurme was discovered as a metabolic 
product of cystine’ and cystamme’? in the rat, and 
since 16 1s chemically related to eysteamme, 1t seemed 
of interest to study its reactivity towards radiation 
with X-rays and y-rays 

30 umoles of pure thiotaurme dissolved m 3 ml of 
water were placed in a glass vessel 2 5 cm diameter 
The solution was irradiated for a suitable length of 
time with a Philips 50 kV X-ray source having a 
beryllium window The shorter distance from the 
window to the centre of the solution was 1 em The 
intensity of irradiation was determmed with a 
ferrous sulphate dosimeter® 0 15 ml of the solution 
was withdrawn for analysis at mtervals 
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Fig 1 Progressive chromatogram of the irradiated solution of 

thiotaurine with X-rays Dose (r ),left to right, 0, 12,000, 36,000, 

60,000, 84,000, 120,000, 240,000, 360,000, 480,000 Descending 

chromatogram in collidine—lutidine, developed with ninhydrin, 

065 umole of initial thiotaurine spotted at the starting hne 
A, hypotaurine, B, taurine, O, thiotaurme 
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As soon as irradiation started ıt became apparent 
that some reaction was taking place the solution 
became more and more turbid The degree of 
turbidity mereased with the time of irradiation. 
The unirradiated control remamed clear for a long 
time 

The material which caused turbidity was identified 
as colloidal sulphur by sedimentation m a ‘Spinco’ 
model L preparative ultracentrifuge at 125,000g, 
followed by conversion of the washed residue to 
thiocyanate by the procedure of Bartlett and Skoog?. 

Some of the compounds produced by the radio- 
chemical degradation of thiotaurme have been 
detected by paper chromatography At mitervals a 
sample of the irradiated solution was spotted on a 
Whatman No 4 filter paper and the chromatogram 
was run in collidine/lutidme/water (1 1:1 v/v) and 
developed with mnhydrm Apart from a residue of 
unchanged thotaurme, two main compounds reacting 
with ninhydrin appeared on the chromatogram These 
have been identified, by careful comparison with the 
synthetic products and by specific reactions®, as 
hypotaurme and taurme Hypotaurie is tho first 
degradation product to appear, its spot appears 
after a dose of 12,000 r Taurme appears later and 
only ın small amounts 

The production of hypotaurme and colloidal 
sulphur ıs consistent with the followmg overall 
reaction . 


NH,—CH,—CH,—S0,SH — 
NH,—CH,—CH;—50,H + S 


which represents the reversal of the reaction used for 
the synthesis of thiotaurme from hypotaurme and 
sulphur* 

Essentially the same results have been obtained by 
wradiating a solution of thiotaurme with a compar- 
able dose of y-rays from a radium source immersed ın 
the solution The rrradiation of a solution of thio- 
taurine buffered with phosphate pH 7 4 also gave 
identical results 

It ıs of interest that cystamine, one of the best 
known protective agents against radiation damage, 
under the same conditions and using the same pro- 
cedure to detect degradation products, gave only a 
faint trace of taurme even with the higher doses of 
X-rays In the hght of these results the comparative 
effect of cystamine and thiotaurine in the radio- 
protection of animals 1s bemg studied 

This work has been assisted by a grant of the 
Comitato Nazionale Ricerche Nucleari 
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The Geological Time-Scale 


Recentiy Dr K I Mayne, Dr R St J Lambert 
and D York: proposed an extended geological tıme- 
scale which would place the middle of the Upper 
Cambrian at about 650 milhon years ago compared 
with 450 million years of the Holmes scale? Ther 
scale 1s based primarily on the ages they obtained by 
ihe potassrum-argon method on biotite fiom several 
British granites , however, they cite many other age 
measurements for secondary support It ıs the pur- 
pose of this communication to pomt out that most 
of the cases cited are erther mcorrect or not definitive 
to the argument In addition, both they!? and 
Prof C F Davidson’ refer at some length to ow as 
yet unpublished isotopic study of the Swedish kolm 
These comments contam errors of fact and mterpre- 
tation which will be clarified by the full report which 
will appear elsewhere , but ın view of the widespread 
misconception concerning this imteresting material 
some discussion appears needed at this tune The 
British gramtes referred to above are bemg remeasured 
in this laboratory and results will be reported later 

First, concernmg the alleged support of the 
extended time-scale 

(1) Mayne et al t cite prtchblende measurements in 
the Upper Triassic Chinle formation of the Colorado 
Plateau by Miller and Kulp as mdicating an age of 
about 210 million years The published abstract‘ of 
the oral paper to which they refer does not imply 
this conclusion, and in the full published papers 
Miller and Kulp discuss the problems involved and 
conclude that “Tho apparent (1e, isotopic) ages bear 
no necessary relation to the actual time of deposition” 

(2) Mayne et al! meorrecily list a result of 360 
milhon years from the Georgia Piedmont as bemg 
Permo-Carboniferous in age and refer to a paper by 
Kulp and Long In the published abstract? the only 
reference to this area states “In the Southeastern 
Piedmont of Georgia there 1s evidence for a younger 
event occurrmg around 260 m y ago", but there was 
no attempt to make a stratigraphic assignment In 
the oral presentation 14 was noted that there might 
be a correlation between this 260 millon year 
-metamorphic event and coarse sedimentation in the 
southernmost part of the Appalachian geosyncline 
durmg Carboniferous time, but ıt was emphasized 
that no direct stratigraphic correlation with the 
metamorphic rocks of the Georgia Piedmont is 
possible A full report on the age work m the south- 
eastern Piedmont will appear elsewhere’ shortly 

(3) The Beryl Mountam pegmatite 1s actually 
intruded into the pre-Silurian Ammonoosue voleanmoes 
according to Kruger’, and not the lower Devonian 
Littleton formation Even if the pegmatite wero 
intruded at the time of metamorphism of the Littleton 
formation as assumed by Damon and Kulp’, there 
1$ no stratigraphic reason for suggesting a Carb. 
omferous age as ıs done by Mayne ef al 

(4) The samples of feldspar (Dubuque formation 
and Mynydd Mawr granite) and sylvite give only 
minimum ages The retention of argon m these 
materials has not been sufficiently well defined to use 
them for quantitative age determination Mayne et 
al? m them latest communication agree that little 
Importance should be attached to these dates 

(5) The Bo:sdale Hills granite, according to the 
latest geological information (Hurley, personal com: 
munication), 1s not intimately related to the fossil 


NATURE 


September 5, 1959 vor 184 


sequence, but presumably the same or a smmuar 
granite less than one mile away intrudes a sedimentary 
sequence dated as Middle Cambrian to Lower Ordo- 
vician The age of 490 million years is therefore 
much more likely to be a mmmum for Lower 
Ordovician rather than bemg post-Lower Devoman 
as Mayne et al} state 

(6) The post-Lower Devonian intrusives m both 
Nova Scotia and Maine as measured by the Massa- 
chusetts Institute of Technology group!" give ages 
which group at about 365 millon years, not 400 mil- 
lion years as used by Mayne et al! 

(7) The errors on the rubidium-strontium ages 
on bentonites are too large to allow the ages to 
be definitive The Adams et al™ report was only 
prelmunary, and futher work needs to be done be- 
fore the apparent ages on bentonites can be properly 
interpreted 

In ther reply to Prof Davidson, Mayne et al? 
correctly reject those ports cited by Prof Davidson 
as evidence against their extended scale where "either 
the stratigraphy of the sample or their measured age 
is not free from unwarranted assumptions” In the 
above discussion, these same criteria have been used 
to evaluate the dates and localities used in the first 
report by Mayne et al * as support for their expanded 
time-scale The Russian measurements on mica 
from pebbles in Lower Cambrian rocks, as reported 
by Davidson?, cannot be dismissed so easily as Mayne 
et al? have done If the measurements have been 
properly made and the mimerals have not been 
altered smce, the results are significant The two 
pebbles which give isotopic ages of 566 and 768 
milhon years could represent rocks of differont real 
ages In this case, the younge: ago would set an 
upper limit on that part of the Lowe: Cambrian TIt 
is concluded that the evidence for the extended time- 
seale hes almost entirely with the measurements made 
by Mayne et al} on the Shap, Cannsmore and Land’s 
End granites 

The extensive consideration which Mayne e£ al? 
and Davidson? gave the kolm in the Upper Cambrian 
Swedish black shale ıs illustrative of the importance 
of the age of this formation in establishing a tıme- 
scale More than twenty kolm samples from this 
formation collected over a wide geographical area have 
been analysed m this laboratory The isotopic 
uranium-lead ages are grossly discordant and vary 
from sample to sample!? The detailed mterpretation 
and discussion of these apparent ages are bemg 
prepared for publication ın another journal? From 
these measurements ıt has been concluded that the 
discordance among the isotopic ages 1s caused by a 
combination of bulk lead Joss and additional preferen- 
tial loss of lead-206 due to migration of an mter- 
mediate member ın the uranium-238 decay chain 
during the history of the mineral On this basis, an 
analysis of the data mdicates a mmimum age for this 
formation of about 500 million years The complexity 
of the leaching processes occurrmg 1s such that a 
maximum age cannot be assigned solely on tho basis 
of the isotopic data Mayne et alt attribute to us 
the statement, “They believe the true age to be no 
greater than 550 m y " This does not correspond to 
our opinion, and the reference they cite does not 
contain this statement The evidence pomts to the 
minimum age as bemg nearly correct, but there is 
no unique solution of the data 

Davidson's? discussion of the meaning of the kolm 
ages ıs erroneous He mentions that the formation 
contams old radiogenic lead Om data strongly 
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indicate that the lead meorporated in the black shale 
at the time of 1ts deposition was normal m 1ts isotopic 
composition Ens hypothesis that uranium. has been 
continuously mtroduced mto the kolm by percolating 
ground water 1s not supported by the observed 
distribution of uranium in the kolm Further, ıt 
should be pointed out that the effect on the isotopic 
ages due to introduction of uranium 18 mdistinguish- 
able from that due to loss of lead Therefore, even 
if this hypothesis were adopted ıt would not cause 
any revision in the mterpretation that the mmimum 
age of the kolm 1s about 500 million years Davidson's 
deduction that the formation is necessarily younger 
than 650 million years since this 1s the lowest lead-207— 
lead-206 age 1s not valid The meanmg of this age 
18 directly dependent on the nature of the chemical 
alteration that occurred 

The current mvestigations m a number of labora- 
tories on the age of stratigraphically well-defined 
rocks will permit a much closer definition of tho 
geological time-scale m the near future The extended 
scale proposed by Mayne et al} 18 based on hmited 
data and is not supported by measurements other 
than ther own 
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Palzomagnetism and Rotation of 
Newfoundland 


Nain, Frost and Light have recently reported? on 
the paleomagnetic results from Carboniferous and 
Pre-Cambrian rocks of Newfoundland By com- 
paring their Carboniferous results with results 
obtained by other workers? in the western United 
States they show that Newfoundland may have 
been rotated 20° anticlockwise smce Carboniferous 
time 

I wish to report some results obtamed from 
Carboniferous rocks of New Brunswick and the 
Gaspé Penmsula, which, with the results of Nairn 
et al, show that no relative rotation between New- 
foundland and these areas has occurred since Car- 
boniferous times Therefore, if the proposed rotation 
of Nairn et al 1s correct, New Brunswick, the Gaspé 
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Fig 1 
rocks of the Canadian Maritime Provinces @, Directions of mag- 
netization of my samples, north pole on lower hemisphere , 
O, directions of magnetization of my samples, north pole on 
upper hemisphere, X «— D, mean direction of my samples (with 
circle of confidence at Fisher's 95 per cent level of probability) , 
X — N, mean direction of samples of Nairn et al (with circle of 
confidence at Fisher's 95 per cent level of probability), A, 
direction of magnetice fleld produced by a central axial dipole 
oriented along the Earth’s present axis of rotation 


Directions of magnetization measured ın Carboniferous 


Penmsula and Newfoundland must have rotated as a 
unit 

In the summer of 1958 twenty-two samples of 
the Bonaventure formation (Upper Mississippian or 
Lower Pennsylvanian) were collected by me from 
the south shore of the Gaspé Penmsula, Province of 
Quebec, between Percé and Maguasha Fourteen 
samples were also collected from the Kennebecasis 
formation of Mississippian age at localities about 
fifteen miles north-east of St John, New Brunswick 
Ten samples were collected by Dr C H Stockwell 
in the autumn of 1955 from the Pennsylvaman 
Bathurst formation near Bathurst, New Brunswick 
Two lan cubes were cut from each of these samples 
and were measured on the astatic magnetometer of 
the Dominion Observatory, Ottawa The mean 
direction of each sample has been plotted on a stereo- 
gram in Fig 1  Smoe rocks were collected from an 
extensive area, their directions have been corrected 
to the geographical location 48°N and 66°W by 
assuming that the Earth's average magnetic field 1s 
& dipole The mean direction of the results of Nairn 
etal from the Codroy gypsum also has been corrected 
to 48°N and 66° W and plotted on Fig 1 

By mspection one can see that there 1s no significant 
difference between the declinations of the Newfound- 
land samples and of those reported here This 
surmise is confirmed by Fisher’s statistical analysis 
which gives a mean direction, corrected to 48°N 
and 66° W, of D = 160 5° and J = + 6 0? with a 
circle of confidence of 8 4° for the samples of Nairn 
et al, and a mean direction of D = 168 5° and 
I = 4-19 5° with a errele of confidence of 5 0° for 
my samples Thus, there is no significant difference 
between the two directions, and there 1s no evidence 
for any relative rotation between Newfoundland and 
the mainland Maritime Provinces, since Carboniferous 
time 
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This communication 1s published by permission of 
the Director of the Geological Survey of Canada 
P. M Do Bors 
Geological Survey of Canada, 
Ottawa 
May 8 
1 Narn, A E M, Frost, D V, and Light, B G, Nature, 183, 596 
(1959) 


2 Creer, K M, Irving, E, and Runcorn, 8 K, Proc Roy Soc, A, 
250, 144 (1957) 


BIOCHEMISTRY 


Kinetic Study of Dextransucrase based on the 
Langmuir Adsorption Isotherm 


THe action of the polysaccharide-synthesizing 
enzyme dextransucrase has been described previously 
interms of pH.! and the effect of variousalternate recep- 
tors? We have now examined the dependence of rate 
of reaction on the concentration ofenzyme The results 
are mterpreted on the basis of adsorption kinetics‘, 
where the substrate (sucrose) and acceptor are 
adsorbed simultaneously on adjacent sites of the 
enzyme This 1s followed by glucosyl transfer from 
sucrose to acceptor No reaction occurs between 
bound sucrose and acceptor in solution, and there is 
no separate hydrolytic step prior to the transfer of 
the glucosyl group 

The kmetic studies were carried out by exposing 
sucrose solutions to varying amounts of crude enzyme 
solution at 25° C and pH 5 2, and measurmg the 
amount of fructose produced at a given time The 
enzyme was prepared as reported elsewhere’ Sucrose 
solution (0 2ml of 20 01 M solution n 0 05 M acetate 
buffer pH 5 2) was meubated with 0 02-1 6 ml of 
the enzyme solution (assaymg 49 untts/ml) and 
buffered to make a final volume of 1 8m] After 4 hr 
the reaction was quenched with 0 1 M sodium 
hydroxide and the reducmg sugars determined 
colormetrically®§ <A plot of rate agamsb enzyme 
concentration 1s shown in Fig 1 





0 02 04 086 08 10 12 14 16 


Enzyme (ml ) 


Plot of imitial velocity (mgm _ fructose/1 8 ml /4 hr) 
against enzyme concentration 


Fig 1 


The appearance of a maximum i such a plot is 
rare, however, 1t has been reported for the lactic 
dehydrogenase system’ lLaidler and Socquet‘ have 
treated this case theoretically and have derived the 
followmg rate equation ' 


D wes EK K,LE]WS lS z]o 
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where k 1s the rate constant for the decomposition of 

the complex, S, and S, are the two substrates, m 

this case sucrose and acceptor, K, and K, are the 

corresponding equilibrium constants for the formation 
of the binary complex, K,’ and K,’ are the equilib- 

rium constants for the cross adsorption of S, on site 1 

and S, on site 2 respectively It 1s seen that equation 

(1) predicts Imearity of rate against enzyme or 

sucrose at low concentration, but an mverse relation- 

ship and hence à maximum at high concentration 
At high enzyme concentration, the substrates are 
spread out over a large number of enzyme sites The 
observed decrease m rate 1s attributed to the decreased 
probability that adjacent sites will be occupied in 
these circumstances The previously observed 
maximum m the rate agamst sucrose concentration? 
indicates that sucrose 1s cross-adsorbed on the acceptor 
sites (which may well be identical with the donor sites) 
and thus mhibits the reaction Attempts to observe 
maxima m S, by adding alternate acceptor have been 
complicated by the presence of the natural acceptor 
Thus far, only a roughly lmear increase of rate with 
acceptor concentration has been observed 
If a reaction were occurring between bound sub- 
strate and unbound acceptor, no maximum would 
occur Furthermore, ıt has been shown! that m cases 

where one substrate 1s solvent there 1s no maximum m 

the enzyme curve Hence the possibility of a hydro- 

lytic reaction with suerose followed by a rate-determ- 
inmg combmation with dextran 1s elimmated The 
presence of the observed maxima thus fits only the 
case of simultaneous two-substrate adsorption 
W Brock NEELY 
C F THOMPSON 
Biochemical Research Laboratories, 
The Dow Chemical Co , 
Midland, Michigan 
March 12 
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Agar Electrophoresis of Normal Soluble 
Proteins in Guinea Pig Liver 


Hiruerro, neither free electrophoresis! nor electro- 
phoresis on filter paper of the soluble protems ın liver 
(ref 2, and Smetana, R, and Kořínek, J, personal 
communication) has afforded satisfactory delimitation 
of a sufficient number of fractions After obtammeg a 
number of unsatisfactory results on filter paper, we 
turned our attention to electrophoresis on agar gel 

Healthy guinea pigs weighing between 300 and 
900 gm were lightly anesthetized with ether before 
bemg perfused with normal sahne The hver was 
ground in & mortar with quartz sand 1-3 ml of a 
07 per cent solution of sodium chloride (the 
amount dependmg on the size of the liver) was 
added and the whole stored ın a refrigerator 24 hr 
later 1t was centrifuged at 6,000 rmp for 2-3 hr 


(1) 
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Table 1 
Fraction l a | b c d | f | g | h | t 3 | s 3 
Average percentage value (M) 21 | | 71235 47 | 41 ! 10 1 | 19 7 | 32 5 52 16 6 | 07 
^ | d —— —— E 





! Standard deviation (c) t 407 | £18,221 
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The liquid layer, situated beneath the superficial 
layer of lipids, was used for the electrophoresis itself 

For the agar electrophoresis we used Ilkov and 
Nikolov’s version (personal communication) of 
Grabar’s technique, slightly modified Instead of 
Grabar’s origmal cuvettes, we used our oidmary 
containers for paper electrophoresis? with platmum 
electrodes 

The dimensions of the glass plate were 23 5 cm x 
ll5 em The agar ıs poured on a plate, which was 
held horizontally m ‘Plexiglass’ frames pressed 
against the plate :tself Double strips of filter paper 
were previously placed along the two shorter sides 
of the plate The agar layer was 3mm thick (45 cm ° 
for each plate) Three grooves (2 cm xl mm) 
were cut from each plate and their bottoms carefully 
covered with diluted agar (0 30-0 50 per cent) 
Dittmer's* veronal-sodium acetate buffer (pH 8 6, 
u = 006) was used The tonic strength of the 
buffer m the agar gel was half that m the chamber 
A sheet of filter paper was placed m contact with 
the underside of the plate, the ends of the sheet 
bemg dipped in water in order to cool the plate 
Durmg electrophoresis the ‘Plexiglass’ frame ıs 
covered with a glass plate which 1s turned every 20-30 
mm A spread of 10-12 em was recorded after a 
5-hr migration at 180-200 V by stamıng with amido- 
black 10B The electropherograms were scanned 
with the Zeiss extinction registrator IT 

Livers of 21 expermnental anmmals were investai- 
gated Except in a few cases, two parallel electro- 
pherograms were run m each case 

Thirteen well-defined fractions were established 
These were designated with the letters a to m, begm- 
nmg with the globulin fractions and ending with the 
albumin fraction (Figs 1 and 2, Table 1) 
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We preferred to label these fractions 1n the direction 
opposite to that which is customary because the 
-mitial globulin fractions were the best defined 
Fraction a 18 situated a little behind the y-globulin, 
whereas fractions J and m are m front of the albumms 
of the blood serum 

The interrelations between the remamder of the 
hepatic fractions observed and the protem fractions 
of the blood serum can be seen m Fig 2 Fractions 
k, l and m occur m neghgible quantities and are often 
scarcely established Fraction? in Fig 11s not sharply 
delimited from fraction h In other cases ıb was 
clearly delimited, so that 158 existence 1s out of doubt 
A separate fraction migrating beyond fraction a 
(fraction a') was established in certain cases In 
one instance, we found a fraction migrating faster 
than fraction m (fraction n) With these, the total 
number of fractions observed by us was 15 In 
view of the fact that fraction 2 1s not clearly delamited, 
however, 16 1s probably composed of a few subfrac- 
tions It is possible that this may be the case with 
fraction h also Thus the actual number of soluble 
hepatic protem fractions may be still greater 

The average percentage values for the different 
fractions and the average standard deviations of 
ther respective variation lines are given in Table 1 

A few of the electropherograms were tested for 
hpoprotems by stamimg with ‘Fettrot’-7-B Ciba? 
A small amount of hpoprotem could be detected in 
fraction 2 only 

Thus our results show that, m the separation of 
soluble hepatic protems, agar electrophoresis has 
certain advantages as compared to free electrophoresis 
and to electrophoresis on paper 
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Abolition by Chlorpromazine of the 

Inhibiting Effect of Iproniazid on the 

Depletion of Adrenal Catechol Amines 
induced by Reserpine 


It ıs well known that reserpme mduces a decrease 
of catechol ammes m the adrenal medulla? In 
the rat pretreatment with rproniazid, & monoamine 
oxidase mhibitor, completely overcomes this catechol 
amme depletion®-® 

In the present study the modifications of the 
catechol amine content of the adrenal gland have 
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Fig 1 Adrenal medulla ofrat Chromaffinreaction (a) A normal 

degree of chromafünity 1s detected 1n all cells after administration 

of ipromazid and reserpine — (b) After administration of chloro- 

promazine ın association with rproniazid and reserpine numerous 

islets of cells completely devoid of chromaffin material are 
observed (x 44) 





Fig 2 Adrenal medulla of rat Chromaffinreaction After asso- 


ciation of chlorpromazine to the reserpine (b), a higher number 
of chromaffin-negative cells ıs observed compared to that detected 
after administration of reserpine alone (a) (x 44) 


been investigated when chlorpromazme 1s added 
together with reserpme and ipromazid 

40 male albmo rats, Wistar stock, weighmg 
approxunately 250 gm were divided into five groups 
Animals of the first three groups were treated 
respectively with (1) 1promazid (100 mgm /kgm ) ; 
(2) chlorpromazme (20 mgm /kgm ), (3) chlorprom- 
azine (20 mgm /kgm) and ipromazid (100 mgm / 
kgm ) After 5 hr all the animals were given reserpine 
in a dose of 1 mgm /kgm The animals of the re- 
maiming two groups were treated with chlorprom- 
azine only (20 mgm /kgm ) or with reserpme only 
(1 mgm fkgm) The drugs were myected mtra- 
peritoneally Animals were killed by decapitation 
24 hr after the last injection The adrenal glands 
were removed immediately after death and then 
treated with a potassium  dichromaite-chromate 
solution 

In the adrenals of rats treated with reserpme the 
chromaffin reaction shows many groups of cells com- 
pletely devoid of positive granules irregularly 
distributed through the normally stamed parenchyma 
(Fig 2a) On the other hand, ın the rats treated 
with iuproniazid and reserpme, all the cells of the 
adrenal medulla show a positive chromaffin reaction 
similar to that observed ın the normal gland (Fig Ia) 

The admumustration of chlorpromazine and 1proni- 
azid before reserpme causes consistent changes as 
compared with the findmgs observed after the 
administration of zpromazid and reserpme alone 
In these circumstances several groups of cells 
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completely devoid of chromaffin material can be 
detected (Fig 1b), moreover, the number of the 
non-chromaffin cells 1s considerably larger than in 
glands of ammals treated with reserpme alone 
Similar results were obtamed for the adrenals of rats 
treated with reserpine and chlorpromazme (Fig 20) 
Chlorpromazine alone does not cause any significant 
changes m the chromaffinity of the medullar cells 

These results demonstrate that the mhibiting effect 
of iproniazid on the adrenalme and noradrenaline 
depletion mduced by reserpme can be abolished by 
chlorpromazine, moreover, this substance alone 
does not deplete the catechol ammes of the adrenal 
medulla Since chlorpromazine also increases the 
depletion of catechol amunes followmg reserpine 
admimstration, one could assume that this drug can 
not only protect the monoamine oxidase from the 
mhibitory effect of rproniazid but also increases the 
enzyme activity 

We wish to thank Prof G C Dogliot&: for his very 
helpful criticism in this investigation 
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Destruction of Carotenoids in Isolated 
Chloroplasts 


Boors! has recently directed attention to the 
various mechanisms which are 1esponsible for caro- 
tenoid destruction im green tissues, two of which, 
a photochemical reaction and an enzymic reaction, 
have been exammed ın alfalfa leaf macerates? 
Enzymuc destruction of ®-carotene 1s reported to be 
greatest m plant tissues contammg chlorophyll', and 
we have therefore made a prelmunary examination 
of the destruction of endogenous carotenoids in 
isolated chloroplast suspensions prepared from leaves 
of spinach beet. 

Leaves were ground at —1°C m a medium con- 
sisting of 0 5 M sucrose, 0 067 M phosphate buffer 
(pH. 7 3), and 0 01M potassium chloride Whole 
cells and debris were removed by centrifugation at 
200g for 1 mm , chloroplasts were sedimented by 
centrifugation at 1,000g for 10 min, washed once, 
and re-sedimented before final resuspension im 
the medium Carotenoids were extracted from the 
chloroplasts with acetone, separated chromato- 
graphically and estimated spectrophotometrically? 
The destruction of carotenoids in the chloroplasts 
was measured by comparmg the amounts present 
before and afte: reaction 

In order to separate the effect of ight from that of 
heat on the destruction of carotenoids, the experi- 
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ments on ilummated preparations were carried out 
at 16°C with ilumunation from a 100-watt m- 
candescent lamp with a water-cooled condenser For 
ee dark controls, tubes were covered with alummrium 
oul 

When non-aerated chloroplast suspensions were 
illummated, 6 per cent of the Q-carotene disappeared 
m 30 mm, compared with 4 per cent in the dark 
Since none disappeared in boiled Suspension the 
reaction was probably enzymic Bubbhng air 
through the chloroplast suspensions creased the 
light-catalysed destruction of f-carotene to 27 per 
cent, while m the dark 14 per cent disappeared The 
relative rates of disappearance of the individual 
carotenoids were (-carotene > violaxanthm 2» 
lutem, tho last only started disappearmg after 
lhr The order of disappearance of these carotenoids 
18 the same as that of the disappearance of carotenoids 
m autumn leaves! 

The addition of Hull reaction oxidants to spinach 
beet chloroplast suspensions gave varymg results 
2,6-Dichlorophenol :ndophenol* reduced the də- 
struction of f-carotene ın non-aerated chloroplast 
suspensions to 2 per cent (controls 6 per cent), 
whereas ferric oxalate-potassrum ferricyanide solu- 
tion® mereased the destruction to 19 per cent The 
ferric oxalate-potassrum ferricyamde solution had 
no effect on the destruction of g-ecarotene ın the 
presence of hght and air, but when coupled with the 
addition of phenazme methosulphate' there was 
measurable imbibition of carotene destruction 
B-Carotene destruction was stimulated by the addı- 
tion of ortho-phenanthrolme? to the ferric oxalate- 
potassium ferricyanide solution in the presence of 
hght and ar When zme acetate? was also added, 
there was a further morease of 8-carotene destruction 
This result was contrary to expectations since zine 
acetate reverses the mhibitory effect of o-phenanthro- 
Ime on the Hill reaction? 

Further experments on non-illuminated prepara- 
tions were carried out m which leaf preparations 
were shaken m a water-bath at 30°C in the dark 
The activity of chloroplasts from different batches 
of leaves varied considerably , ın some chloroplast 
preparations 20 per cent of the §-carotene dis- 
appeared, whereas ın others 50 per cent disappeared, 
after 1 hr 

The enzymic destruction of carotene m chloroplasts 
m the dark at 30°C was mhibrted by phenazine 
methosulphate o-Phenanthrolme had no effect, but, 
in the presence of zine acetate, o-phenanthroline 
greatly stimulated carotene destruction These 
effects are somewhat comparable to those found in 
the light-catalysed destruction and suggest some 
similarity between the two processes 

In an attempt to locate the enzymic system 
responsible for destruction of f-carotene, a comparison 
was made of the disappearance of B-carotene in leaf 
homogenates, chloroplasts prepared from them, and 
the supernatant fraction which still contamed broken 
chloroplasts In spinach beet leaves there was an 
almost equal destruction m all three fractions, 
suggesting that the enzyme system responsible for 
the destruction was closely hnked to the pigment— 
protem complexes In sugar beet leaves, however, 
there was more destruction of 6-carotene m both 
the homogenate and the supernatant than m the 
chloroplast fraction This could be due to the fact 
that m sugar beet leaves there are at least two 
differently located enzyme systems responsible for 
carotene destruction, which would be m accord with 
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more recent findmgs (Faiend, J, and Mayer, A M., 
unpublished work) 

The work described in this communication was 
carried out as part of the programme of the Low 
Temperature Research Station of the Department of 
Scientific and Industrial Research 
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Use of Porter-Silber and Schiff Reagents as 

Spot Tests for Steroids applied on Paper 

and their Application to the Study of Rat 
Adrenal Lipids 


THE formation of phenylhydrazones with an 
absorption maximum at 410 mp by the method of 
Porter and Silber characterizes steroids with a 
dihydroxyacetone side-cham These authors recently 
reported that the reaction also occurred with the 
aldehydes of corticosterone and of 11-dehydrocorii- 
costerone and that with the latter compounds the 
phenylhydrazone developed at a more rapid rate? 
The specificity and difference 1n speed of the reaction 
are also evident when it 18 carried out on paper. A 
bright yellow colour develops when & region contam- 
ing a minimum of 2 ugm Jem ? of the chromogen ıs 
passed through the Porter—Silber reagent (25 ml 
water, 41 ml cone sulphuric acid, 34 ml ethyl 
alcohol and 43 mgm. phenylhydrazine hydrochloride) 
The colour appears instantly with C-21 aldehydes and 
their acetates, and in 1-2 hr with steroids contammg 
the dihydroxyacetone side-cham and their acetates 
It ıs stable for days provided the paper is not rinsed 
or warmed, and under these conditions the paper does 
not char Corticosterone, 17-hydroxyprogesterone 
and other steroids tested gave no colour at a concen- 
tration of 25 ugm [em ? 

C-21 aldehydes, freshly prepared by oxidation with 
cupric acetate after the method of Beyler and Hoff- 
man?, may be detected with a Schiff reagent (1 per 
cent pararosanilime hydrochloride ım sulphurous 
acid), if 10 pgm have been applied over an area of 
l cm? A purple colour appears as the rest of the 
paper turns pink The development of the same 
purple colour in the rest of the paper may be delayed 
for a few days by encasing the paper ın ‘Scotch’ tape 
Steroids with an a-ketol- and a dihydroxy-acetone 
side-chain gave no reaction in amounts of 50 ugm [em 2, 
neither did a sample of aldosterone kindly supphed 
by Merck and Co It 1s to be noted that freshly 
prepared aldehydes react at & lower concentration 
than material which has been stored m the refrigera- 
tor or chromatographed ın the toluene-propylene 
glycol system 
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Both tests have proved helpful in the synthesis 
and purification by paper chromatography of steroid 
C-21 aldehydes 
positive reaction to the two tests and failed to reduce 
a tetrazolium derivative, the presence of an aldehyde 
was assumed 

The sensitivity and simplicity of the Porter-Silber 
spot-test should make ıt a useful tool for the detec- 
tion of Porter-Silber chromogens in lipid extracts of 
biological fluuds The test has helped in estabhshing 
the facts that the incubated rat adrenal secretes 
little, rf any, cortisol or cortisone’, that the non- 
reducing,  hpid-soluble Porter-Silber chromogen 
produced by this tissue has the same mobility ın the 
toluene-propylene glycol system as the aldehyde of 
11-deoxy-17-hydroxycorticosterone, and that acetyl- 
ation of the adrenal lipid yields two ultra-violet- 
absorbing, non-reducing Porter-Silber chromogens , 
a component with the same mobility m the benzene- 
formamide system as a product obtamed by acotyla- 
tion of 11-deoxy-17-hydroxycorticosterone aldehyde, 
and a more polar maternal 
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Some Observations on Certain Mucoproteins 
containing Neuraminic Acid 


Ir 1s now well established! that mucoprotems, 
particularly those contamuing neuramunic acids, play a 
major part ın the natural defences of the human 
body With the object of determining what part 1s 
played by such mucoprotems in human cancer we 
have assessed the amount and distribution of muco- 
proteins eonteiumg neuramminie acid by determination 
of the neuramunic acid content of tissues obtamed in 
surgical operations for cancer of the stomach, colon 
and breast, and compared these with those of tissues 
obtained during removal of ulcers of the stomach 
and duodenum 

Each portion of tissue was extiacted exhaustively 
at room temperature with acetone and later with 
methanol-chloroform (3 1 v/v) ın order to remove 
any neurammie acid-contamimg gangliosides Part 
(50 mgm ) of the fat-extracted residue was suspended 
in water and dialysed agamst 0 01 N sulphurie acid 
at 0° for 2 days The neurammic acid(s) in the non- 
dialysable residue was then liberated by heatmg at 
80° for 1hr with 0 04 N sulphuric acid and recovered 
from the neutralized solution by dialysis The 
neuraminic acid determination® was carried out on 
this dialysate to avoid mterference due to chromogens 
from other sugars 

When the whole of the surgical tissue from each 
operation was exammed in this way the neuramunie 
acid contents of two carcinomas (0 33 and 0 43 cent) 
from the pylorus end and one (0 64 per cent) from 
the cardia end of the stomach were appreciably higher 
than those (0 11, 0 13 and 0 14 per cent) of three 
stomach ulcers or those (0 12, 0 16 and 0 18 per cent) 
of three duodenal ulcers In a more meaningful 
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NEURAMINIC ACID CONTENT IN VARIOUS AREAS OF A 
IGNANT GROWTH 


Table 1 





Percentage neuraminie acid content 
1n area 


Type of carcinoma 
A B C 





Adenocarcinoma of the | 





| colon 0 24 0 26 017 

| Carcinoma of the 

| pylorus and duodenum 018 018 011 

| Seirrhous carcinoma of 

| the breast 029 | 011 0 13 
Duet carcinoma of the | 

breast 0 16 0 15 0 08 
= J 





comparison the tissues obtamed from later cancer 
operations were arbitrarily divided mto three por- 
tions (A) the cancerous or centre of the malignant 
growth, (B) the invasive area m which there is an 
interlocking growth of the normal and cancer cells , 
(C) the apparently ‘normal’ area outside The results 
are given ın Table 1 

Bearmg m mund the difficulty of deciding on the 
so-called invasive area and the obvious variation m 
such an arbitrary division, ıt 1s nevertheless evident 
that the amount of mucoprotem contammg neura- 
munie acid is almost doubled in the area of malig- 
nancy 

Several types of neurammec acids (N-acebyl., 
N,O-diacetyl-, N-glycolyl-, etc ) have now been recog- 
nized Paper chromatographic and 1onophoretic 
analysis revealed that the neurammuic acid liberated 
by hydrolysis of the tissue from two stomach ulcers, 
a duodenal ulcer, a carcmoma of the pylorus, and 
from all three areas (4, B, and C) of the colon 
&denocaremoma and the semrhous breast carcinoma 
was N-acetyl neurammue acid Both N-acetyl 
and N,O-diacetyl neuraminic acid were liberated 
from a malignant tumour situated at the cardia 
end of the stomach and mvolving 1 m of the 
cesophagus 

In another aspect of this assessment of the distribu- 
tion of carbohydrate-contammg substances in 
human tumours we have determmed the hexosamme 
contents of some of the tissues studied above 
Mucoprotems almost always contain hexosamunes, 
but the hexosamime content of the tissue should not 
necessarily follow the neuramimic acid values since 
hexosamines are also components of blood group 
polysaccharides and many tissue polysaccharides 
The carcmoma obtaimed from the cardia end of the 
stomach which had the highest neuramimic acid 
content (0 64 per cent) also had the highest hexos- 
amine content (3 3 per cent) of those studied The 
distribution of hexosamme (18 per cent m A, 
1 6 per cent ın B and 1 2 per cent in O) m the colon 
adenocarcinoma, also followed that of the neuraminic 
acid content However, the hexosamme content 
(2 1 and 2 0 per cent) of the whole of the surgical 
tissue from two stomach ulcers and that (2 3 per cent) 
of a duodenal ulcer differed little from that (2 2 per 
cent) of the caremoma of the pylorus Analysis? 
revealed that glucosamme and galactosamime were 
the only amimo-sugars present m the duodenal ulcer 
(glucosamine  galactosamvne, 19 1) and m the 
carcinomas from the pylorus end (glucosamme 
galactosamune, 21 1) and from the cardia end 
(glucosamine galactosamme, 2 3 1) of the stomach 
Trypsin digestion? of the fat-extracted tissues from 
the same duodenal ulcer and the two stomach car- 
cmomas, removal of protem with trichloracetic acid 
and addition of alcohol gave crude polysaccharide 
mixtures in yields of 2 2, 21, and 23 per cent 
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‘espectively Acid hydrolysis of these muxtures 
iberated hexosamunes, fucose, and galactose together 
vith small amounts of glucose and mannose This 
suggests that most of the polysaccharide ın these 
assues was of the blood-group substance type The 
‘lucose probably origmated from the glycogen? 
which constituted 0 35 per cent of the duodenal 
ileer tissue and 0 30 and 0 29 per cent respectively 
of the stomach carcinomas (all yields calculated on 
she dried fat-extaacted tissue) Ionophoretic analysis 
of the crude polysaccharide mixtures revealed the 
oresence of small amounts of acidic polysaccharides 
stammg with toluidine blue?’ accompanied by much 
arger amounts of neutral polysaccharides 

We are indebted to the staff of the West Bromwich 
ind District General Hospital, West Bromwich, 
Staffs, for the provision of tissues We have also 
iad valuable discussion with Prof J W Orr and 
9r D L Woodhouse of the Cancer Research Labora- 
iomes One of us (D J T ) thanks the University of 
J3irmungham for the award of a scholarship The 
‘esearch was supported by a grant from the British 
impire Cancer Campaign 
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«-Amtno-6-(pyrazolyl-N) Propionic Acid : 
a New Amino-Acid from Citrullus 
vulgaris (Water Melon) 


During recent years, several new amuno- and 
mio-acids have been characterized as components 
of the non-protein nitrogen fraction of plant materials 
Another example has now been found in seeds of 
Dwurullus vulgaris (water melon, var Tom Watson) 
[he structure of this new ammo-acıd (hereafter 
ermed BPA) 1s as follows 


HO——OCH NH, 
| 
xd cH, -OH—000R 
Xy 


a-Amıno-f-(pyrazolyl-N} propionic acid 
or B-(pyrazolyl-N) alanıne 


This ammo-acıd is unique in that ib 1s the first 
xample of a natural product which contams a 
»yrazole rmg Furthermore, m contrast to the other 
neterocyche rimg-contaming amuno-acids, histidine 
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and tryptophan, the side-cham of BPA ıs attached 
to the pyrazole rmg through a carbon to nitrogen 
bond 

The presence of the ammo-acid was detected by 
two-dimensional paper chromatography (water- 
saturated phenol butanol/acetic acid/water) n a 
70 per cent (v/v) ethanol extract of ground seeds It 
occupied a position very similar to that of proline on 
two-dimensional chromatograms The compound 
reacted with nmhydrin to give a normal bluish-purple 
spot With Ehrlich’s reagent (p-dimethylammobenzal- 
dehyde) 1t gave a yellow-coloured spot, and it formed 
& copper complex with copper acetylacetonate, so 
indicating the presence of an «-ammo group 

By 10n exchange chromatography (‘Zeokarb 215’ 
and ‘Dowex 50'-0 25N ammonia displacement), 
3 gm of BPA was isolated from 10 Ib of water melon 
seeds. The amino-acid was crystelhzed twice from 
distilled water (solubility approximately 4 gm / 
100 ml ), and yielded a white solid with an elemental 
analysis of C, 467, H, 57, N, 271, O (by dif- 
ference), 20 4 The calculated values for BPA aie 
0,464, H, 58, N,270, 0,208 

Therefore, the isolated material had an emprmieal 
formula of C,H,N,O., and was isomeric with 
histidine This formula provides too few hydrogen 
atoms for the more normal saturated open-cham 
amino-acid structure The compound was found to 
be stable to strong mmeral acid (6 N hydrochloric 
acid at 100° for 24 hr ) and alkali (5 N barium hydrox- 
ide at 100° for 24 hr) Treatment of the isolate with 
55 per cent (w/w) hydriodic acid at 120° for 24 hr 
degraded ıt, and_alanine was identified as the only 
nmhydrm-reactive product by comparison with an 
authentic sample of the amino-acid on paper chroma- 
tograms developed in water-saturated phenol, butanol/ 
acetic acid/water mrxture, butanol saturated with 
2 N ammonia, and ethyl acetate/pyridme/water 
(organic phase of 2 1 2 parts by volume mixture) 
The fission of an alanme moiety 1n this way not only 
indicated its presence in the structure of the isolate 
but also suggested that the alamme residue was 
attached to the remainder of the molecule through a 
C—N Imkage (the corresponding C—C Imkage found m 
histidine ıs stable to hydrogen iodide reduction) 

The remaiming atoms of the formula are most 
simply accommodated by assuming the presence of 
an imidazole or pyrazole rmg system It would appear 
that Shmano and Kaya! have isolated a smaller 
quantity of the same substance from the press-juice 
of water melon, both isolates had the same elemental 
analysis and mp (decomp ) 1n the range 236-238? C 
The Japanese workers suggested that them isolate 
was «-amuno-B- (1midazolyl-N) propionic acid, although 
no definite proof for the presence of the imidazole 
residue was given Our evidence provides no support 
for the idea of an imidazole rmg The isolate failed 
to give the Paul test, and did not possess a pK 1n the 
pH range 6-7, normally a feature of imidazole 
derivatrves  Pyrazole derivatives have an analogous 
pK m the pH range 2-3, the titration curve of the 
isolate showed a weak point of inflexion in this range 
Nuclear magnetic resonance spectra? performed on the 
isolate and various N-substituted imidazole and pyr- 
azole derivatives proved almost certainly that the 
isolate contained the pyrazole rmg system The fine 
structure of the spectrum of the isolate also indicated 
an unsubstituted g-ammo group in the alanine 
residue and the presence of a —CH,— group and an 
N—C linkage These requirements are all met by the 
above structure for BPA 
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Crude, small-scale preparations of BPA and $B- 
(umidazolyl-N) alanme (BIA) have been made ‘The 
silver salts of pyrazole and imidazole respectively 
were refluxed m methanol with the methyl ester of 
B-chloroalamme hydrochloride (prepared by the 
method of Fischer and Raske?) After removal of the 
methanol and hydrolysis with 6 N hydrochloric acid, 
the reaction mixtures contained three amino-acids 
Serme and a trace of a compound, probably alanme, 
accompanied erther BPA or BIA The synthetic 
BPA was mseparable from the isolated material on 
paper chromatograms, whereas BIA was easily 
resolved from the isolate BIA had an Rp very 
similar to that of histidine m water-saturated phenol , 
in butanol/acetic acid/water mixture 1t moved slightly 
more slowly than histidme The yields obtamed m 
these preparations were low, but ıt ıs hoped that a 
future large-scale preparation of BPA may provide 
sufficient crystallme material for comparisons to be 
made with the natural substance using othe: accepted 
physico-chemical techniques 

We wish to thank the Ferry-Morse Seed Co 
(Cahforma) for supplymg the seed, Dr I L Fumar 
for advice on the syntheses, and Drs J H Budd and 
R F M White for ther help with the nuclear 
magnetic resonance spectra 

F F Nor* 
L FowDEN 
Department of Botany, 
University College, 
London, W C1 
May 11 
* Postdoctoral Fellow of the American Cancer Society 


1Shinano, S , and Kaya, T , Nippon Noget-Kagaku Karshi, 31, 759 
(1957) (taken from Chem Abst , 52, 16612a (1958) ) 

?Fowden, L , Noe, F F, Radd, J H, and White, R F M, Proc 
Chem Soe, 131 (1959) 

3 Fischer, E , and Raske, K , Ber , 40, 3719 (1907) 


ANIMAL PHYSIOLOGY 


New Antiadrenergic Compounds 


We have found that the benzyl quaternary 
ammonium compounds (I, patents pendmg) have a 
novel and highly specific blockmg action on the 
peripheral sympathetic nervous system, which 
resembles that following section of adrenergic nerves 
and differs from that produced by adrenolyties, 
ganglon-blockmg agents and reserpine 


+ 
7 —CH,NA 


(1) 


Compounds of the above type were screened by. 
examunmg their efficacy in relaxing tho nictitating 
membrane when injected subcutaneously in the cat 
Activity was highest m the quaternary compounds 
(I, R = H) and the ortho-substituted analogues 
(I, R = Me, F, Cl, Br, I, and NO,) Activity was 
also very sharply mfluenced by the cationic head, 
high activity bemg encountered m the compounds I 
with NA = NMe,Et, NMe,(CH,),OH, HiN(CH,)., 
HO(CH,).N(CH,), Lower homologues such as I with 
NA =NMe,, R = Br were mactive and higher 
homologues showed much reduced activities There 
was no mydriasis or other overt effect m cats injected 
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with any of these compounds, except one (I, NA = 
NMe,Et, R = H) which caused marked parasym 
pathommmetic effects 

One of the most active compounds, 373057 (I 
NA = NMe,Et, R = Br), was exammed 1n detail, as 
its bromide, and the findings indicating its mode o: 
action are summarized as follows 

After subcutaneous mjection of 5-10 mgm [kgm 
of 373057 m the unanesthetized cat, the nictitating 
membrane gradually relaxed, becomung fully exposec 
m 4-6 hr, and retracted only after approximately 
24hr Similarly, ın cats under chloralose anesthesia 
373057 gradually mbhibited the effect of mdureci 
stimulation of the nictitatmg membrane irrespective 
of whether the stumuli were applied to the pre- o 
post-ganglionic nerve, the block was most markec 
when the stimulation was continuous This inhibitory 
effect was accompanied by a gradual and prolongec 
fall ın blood pressure often preceded, when the dru 
‘was given intravenously, by a small temporary rise 
The response of the heart to stimulation of the cardio 
accelerans nerve was blocked, and the pressor effect: 
of intravenous myections of adrenalme and nor 
adrenaline were increased 

373C57 blocked the response to stimulation of the 
adrenergic nerve in various isolated preparations 
Thus it prevented the vasoconstriction caused by 
stunulating the greater auricular nerve m the per 
fused rabbit ear, the relaxation of the rabbit leun 
durmg stimulation of the visceral efferents, and the 
contraction of the rabbit uterus elicited through thi 
hypogastric nerve The effects of adrenalme anc 
noradrenaline on these preparations were enhancec 
after giving 378057 

In the cat, the pressor effects of mtravenou: 
dimethylphenylpiperazmuum iodide and splanchni 
nerve stimulation which are mediated by the adrena 
medulla were greater after giving 373057, wherea: 
the hypertension caused by the ganglon-stimulatin; 
action of dimethylphenylpiperazinrum iodide ın the 
adrenalectomized. animal was blocked This show: 
that the antiadrenergic action of 373057 1s not accom 
pamed by an interference with the adrenal mechan 
ism, such as occurs with the ganglion-blocking drug: 
or reserpine - 

Some of the properties of 373057 resemble thost 
of the 2 6-xylylether of cholme bromide, T'M10^* 
but unlike this compound, 373057 does not cause 
parasympathomimetie effects or deplete the presso: 
amine content of the rat adrenal’ The latter findmg 
if ıt applied also to the adrenergic nerve, woulc 
indicate that rb 18 unlikely that 373057 acts either by 
depleting the local stores of catechol amines or by 
mbhibitmg the biogenesis of noradrenaline m adrenergic 
nerves, as was postulated? might be the mode of 
action of T'M10 373057 caused no overt behavioura. 
changes m animals, and this together with the absence 
of depletion of the catechol amine content of the 
adrenal medulla of rats 1s 1n contrast with the actions 
of reserpine 

Together with our colleagues, Drs A McCoubrey 
and W G Duncombe, we have studied the distribu- 
tion in tissues of 373057 labelled with carbon-14 1n one 
of ıts methyl groups  Followmg subcutaneous mjec- 
tion m cats, much higher concentrations of radio- 
activity were found in adrenergic nerves, sympathetic 
gangha and tissues with a rich adrenergic mnorvation, 
than in other tissues The concentration of 373057 
mdicated to be present m adrenergic nerves, when 
apphed topically, blocked the physiological responses 
to stimulation of the pre- and post-ganglionie cervical 
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sympathetic nerves 1n the cat, the visceral adrenergic 
nerves of rabbit mtestime, and the greater auricular 
nerve in the rabbit ear 

We conclude that the blocking effect of 373057 on 
the peripheral sympathetic nervous system ıs due to 
an action on adrenergic nerves and that its specificity 
is related to the selective accumulation of the com- 
pound im adrenergic nerves followmg systemic 
admmustration 

The properties of 3730577 and related antiadrenergic 
compounds may render them useful for the reduction 
of sympathetic tone, for example, in the treatment of 
hypertension , they do not impair parasympathetic 
functions as do ganghon-blockmg agents, nor depress 
the central nervous system as does reserpme 

Note added in proof We have just learned that the 
open name, approved by the British Pharmacopoa 
Commission, for 373057 p-toluene sulphonate 1s 


‘h t 7, 
retylium tosylate A L A BounA 
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The Wellcome Research Laboratories, 
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Action of Ganglion Blocking Drugs on 
Choline Acetylase 


Tue first practical hypotensive drugs which acted 
by causmg autonomic ganglomec block were bts- 
quaternary ammonium salts, recently, substances 
zontamıng only a single secondary or tertiary amine 
zroup have been introduced as hypotensive agents 
of a sumilar type There are, however, differences ın 
the details of the pharmacological actions of the two 
types of drugs, for example, the mono-amme 
:ompounds, mecamylamine and pempidine, are slower 
m onset of action but more prolonged when compared 
with the older group (for example, hexamethonium 
or pentolnium) The 6s-quaternary ammonium 
lrugs paralyse ganglia by extracellular competition 
with acetylcholine for synaptic receptor sites, the 
differences ın action might be explicable if the newer 
:ompounds acted in some other way, for example, by 
nhibition of acetylcholme formation Ther ability 
40 penetrate cell lipid membranes or barriers makes 
such an intracellular action plausible 

Choline acetylase preparations from guimea pig 
orain have therefore been used to compare the 
affects of three of these mono-amime compounds with 
shose of a ‘hemicholnium’ (HC-3), a compound which 
s known to owe 1ts high toxicity to interference with 
acetylcholine synthesis!-?- The enzyme preparations 
ised were modifications of those previously employed 
and were more dependent on the addition of choline 
for ther activity HC-3 mhibits only the weaker ‘P’ 
preparation , this action results from its competition 
with choline for some limited path of entry into the 
ess damaged particles of that preparation? 

The three mono-amine compounds tested (mecamyl- 
amine, pempidme, and its ethyl analogue, Imperial 
JShemical Industries Cpd 26539), showed no signifi- 
zant mbibrtion of either enzyme preparation when 
tested ın the concentration (10-4 M) at which HC-3 
seduces the activity of the ‘P’ preparation by one 
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PARTIOULATE CHOLINE AONTYLASA PREPARATIONS FROM GUINEA PIG 
N 


RAT 
Chilled fresh brains homogenized (0-4?) ın 9 vol 9 per cent wiv 
sucrose (107° M with respect to ethylenediamine tetraacetic acid, 


pH 7 4) 
10 mn JA 850g (0°) 





| 


i 
sediment 
(discarded) 


supernatant 
45 ml taken 
10 min at 15,000g (0°) 





| 


Supernatant 
(discarded) 


sediment, resuspended ın 
sucrose solution to make final 
vol r ml 





4 
7 ml suspension 5 ml suspension 
+5 ml buffer/saline 
+2 ml diethyl ether 


(peroxide free) 
Stand at 0-4? for 20-30 min —— 





bubble with Ny 
(O, free) for 
3 min 37° 


+ 7 ml buffer/saline 


2 vol 0 9 per cent w/v sodium chloride 
1 vol 0 15 M sodium dihydrogen phosphate 
1 vol 0 15 M sodium pyrophosphate 


'P' suspension *E' suspension 


half Pempidme was also meffectrve at 10-3 M, a 
concentration which would be expected to reveal any 
ability to interfere speoifieally with the enzyme 
system 

The response of the frog rectus abdominis muscle 
used to assay acetylcholne was affected by the 
presence of the drugs, especially by mecamylamine , 
and ıb was necessary, to prevent a progressive reduc- 
tion in sensitivity, to adopt a routine of regular 
repeated washing and resting of the tissue after each 
estimation. 

Contrary to the results reported here, a brief note? 
appeared earlier indicating that mecamylamime can 
inhibit acetylcholine formation , but recent discussion 
with the authors has clarified the position. The 
suggestion arose from prehmmary experiments m 
which a soluble choline acetylase was used, prepared 
from an acetone powder of rabbit brain, the acetyl- 
choline formed being estimated colorimetrically 
Mecamylamine was used m amounts equimolar with 
choline, and since the assay method adopted necessi- 
tates a high choline concentration (10-2 M or more) 
there was a serious possibility that the mhib*tion was 
non-specific Subsequent studies with other secondary 
amunes confirmed this and the work was discontinued 

In them investigation of pempidime, Corne and 
Edge* showed that a large dose (10 mgm) could 
reduce by 40 per cent the acetyleholme output from 
the cat's perfused superior cervical ganglion in 
response to pre-ganghonic stimulation Therr experi- 


Table 1 


*P' preparation | ‘Z’ preparation 





Average acetylcholine con- 
tent n mole/ml suspension 

Average net synthesig of 
acetylcholine n mole/ml 
suspension 


17 0 16 
(1 3-2 5) (0 0-0 5) 


214 
(19 7-24 7) 


50 
(4 0-5 7) 





Reaction system contained in 2 ml 0 1 umole acetyl-coenzyme 4 
0 05 „mole choline chloride, 2 moles tetraethyl pyrophosphate, 
0 2 umole inhibitor (if any), 50 ~zmoles sodium dihydrogen phosphate, 
50 «moles sodium pyrophosphate, 1 ml ‘P’ or ‘E’ enzyme suspension 
Incubation for 1i hr at 37° with gentle shaking After incubation 
reaction stopped by acidification and heating, alkali-treated controls 
prepared and the acetylcholine content assayed on frog rectus 
abdomuinis muscle preparation sensitized with tetraethyl pyrophosphate 
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Table 2 pee —— — fas 
Activity of control (per cent) g | 
Compound Concentra- — 
tion (M) |'P preparation | ‘EZ’ preparation s 
Mecamylamıne* 107! 106, 107, 98 104, 100, 98 
Pempidinet 10^: 89, 105, 86 105, 103, 125 
Pempidinef 10-5 102 107 
26539 f 10-* 100, 100 95, 95 
HC-3 107! 47, 80, 40, 83, 105, 101, 
, 90 100, 117 











* Used as hydrochloride 
T Used as tartrate 


ments were of short duration when compared with 
the time required to show the reduction produced by 
HO-3 on the same preparation! The effect seen by 
Corne and Edge could well be due to a shght local 
anesthetic action5, common among amines 

Thus the experiments described here give no 
support to the hypothesis that the ganglon-blocking 
agents mecamylamme, pempidine or 26539 act, even 
m part, by inhibition of acetylcholine formation 
They affect neither the simple choline acetylase 
activity of preparation ‘W’ nor, 1n. preparation. ‘P’, the 
additional hmutmg step of cholme entermg the 
particles 

I am grateful to Dr A Spinks, Imperial Chemical 
Industries, Pharmaceuticals Division, for the pemp1- 
dine and compound 26539 used m this work 

J E GARDINER 
Department of Pharmacology, 

Royal College of Surgeons of England, 

Exammation Hall, Queen Square, 

London, W C 1 
April 9 
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PLANT PHYSIOLOGY 


Effect of Gibberellic Acid on the Initiation 
of Flowers and Runners in the Strawberry 


A NUMBER of long-day responses are induced by the 
application of gibberellic acid to plants growing m 
short days These mclude the promotion of stem 
elongation and flower induction n long-day plants! , 
inhibition of flower initiation in some short-day 
plants*, and delay m the onset of autumn colourmg 
and leaf-fall, and renewal of shoot-growth in woody 
plants? In the strawberry, flowers are initiated under 
short-day conditions and branch crowns are formed m 
the axils of the. leaf petioles, which are short and 
prostrate Durmg long days, flowers are seldom 
initiated, runners are formed m. the leaf axils and the 
petioles are long and upright It has been suggested 
by one of us‘ that this greater vegetative vigour 1s 
the result of the production during long days of a 
growth-promotmg hormone The present experunent 
demonstrates that gibberellic acid can act as a 
substitute for this natural product 

Gubberellic acid was applied at 100, 50, 25, 12 5 
and 0 ppm to plants of Tahsman growmg m pots 
in a glasshouse under natural short days from 
September 4 until November 19 Temperature was 
not accurately controlled, but the mmmum night 
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Effect of fortmghtly applications of gibberellic acid to 


Fig 1 
strawberries under short days at 25 ppm and 100 ppm 
Untreated control on the left 


temperature fell from the range 55-60°F in the 
earlier part of the experiment to 50-55? F durmg 
November Ten plants were used for each treatment 
and the gibberellic acid solution, with ‘Agral’ added 
as & wetter, sprayed on until run off For the first 
three weeks application was weekly, and afterwards 
at fortmghtly mtervals 

The first effects of treatment appeared after about 
twelve days as a slight palmg of the youngest leaves 
and & very upright growth of the petioles Increase 
in length of the mternodes of the main stems occurred 
a little later Table 1 shows that the length of the 
main stem measured over nme mternodes from the 
leaf emerging at the start of treatment was directly 
proportional to the concentration of gibberellic 
acid apphed In the controls, the mcrease m length 
of the mam stem over this period. was so small that 
no satisfactory measurement could be made, it was, 
however considerably less than that found at the 
12 5-ppm level Under the conditions of this 
experiment, length of petiole did not increase with 
concentration of gibberellic acid to the same degree 
In all treated plants the petioles were considerably 
longer than m the controls, but the response at 12 5 
ppm was only a httle less than that at 100 ppm 
The difference ın response between petioles and stems 
18 1llustrated in Fig 1 

Durmg November, runners which had failed to 
emerge were found m the axils of the leaves of some 
of the treated plants After the removal of two plants 
from each treatment for dissection, the 1emainder 
were reduced to four main stems each and tiansferred 
to & hghter and warmer glasshouse, m which the 
mununum night temperature was in the range 
60-65° F , to encourage the emergence of the runners. 
As a further aid, the tips were removed from two 
stems on each plant To determme whether the emer- 
gence of runners was controlled by length of day m 
spite of the application of gibberellic acid, half the 
plants were given a light break from 10 pm until 
2am usmng 60-W incandescent lamps suspended 
2 ft above the bench, and the other half were given 
short days with similar illumination durmg the 
afternoon from 2pm until 6pm 

Runners started to emerge immediately under the 
new conditions, and after twelve days runner emer- 
gence was recorded All the runners counted had been 
initiated in the natural short-day conditions of the 
first glasshouse The number of runners emergmg 
was not affected either by photoperiod or by tipping, 
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and their failure to emerge earlier must have been the 
result of poor growing conditions In Table 1 these 
secondary treatments have been combined and 
production of runners 1s shown as the mean number 
of runners produced per crown at each level of 
application The appearance of the plants three weeks 
one transfer to the warmer glasshouse 1s shown m 
ig l1 
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Table 1 
Gibberellic acid | Inflorescences Runners Mean length of 
(ppm) per crown per crown | main stems (mm ) 
None 1 00 0 00 — 
125 0 58 0 25 14 
25 0 25 116 41 
50 0 00 1 22 115 
100 0 00 1 59 289 





Records for flower initiation were obtamed, first 
from the plants dissected at the time of transfer 
to the second glasshouse, and second by counting 
inflorescences emerging after transfer to this house 
All the inflorescences counted had been mutiated 
durmg the course of the natural short-day treatment , 
these are shown m Table 1 as the mean number of 
inflorescences per crown at each treatment-level 

All these iesults, namely, merease m length and 
upright growth of the petioles, mitiation of runners 
instead of branch crowns, and suppression of flower 
initiation, are typical of the response of this plant 
to long-day conditions It would seem that gibberellic 
acid can serve as a substitute for a growth-promoting 
hormone produced naturally under long-day con- 
ditions On the other hand, the fact that complete 
suppression of flower initiation and the highest 
level of runner production was not reached until the 
concentration of gibberellic acid was such that rb 
caused abnormal elongation of the maim stems 
would suggest that the long-day growth-promoting 
hormone and gibberellic acid are not identical, 
although they may be closely related 

The gibberellic acid solution used 1n this experiment 
was kindly supplied by Plant Protection, Ltd 
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Effect of Indole Acetic Acid and 
«-Naphthalene Acetic Acid on the Growth, 
Flowering and Fruit Set in Sweet Potato 


SWEET POTATO (Impomoea batatas (L) Lam) 18 
cultivated for its tuber and its fohage, which is used 
as cattle food — It 1s usually propagated either by the 
tuber slips or stem cuttings, in India the latter 
method ıs usually followed Hernandez et al! 
reported that the tubers when dipped momentarily 
in 2,4-D at 10 ppm produced a significantly larger 
number of plants than the control, but they did not 
study the effect of the chemical on stem cuttings or 
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Fig 1 The influence of indole acetic acid and naphthalene acetic 
acid on the growth of foliage and development of tubers in sweet 
potato, as indicated by their fresh weight Indole acetic acid 

€—9,?5 ppm, @---@, 10 ppm Naphthalene acetic 
acd H—N,1ppm,N---N.25 ppm x— x, control 


on tuber yield. Howell and Wittwer?3 observed that 
2,4-D sprays induced better flowering 1n sweet 
potato Mbkell* found that 2,3,5-trnodobenzoie acid, 
2,4-D and a-naphthalene acetic acid failed to induce 
any flowering when the plants were treated either by 
the wick method, foliage spray or soi appheation 
Studies were undertaken by us recently to find out 
the effect of two plant-growth regulators, namely, 
naphthalene acetic acid and indole acetic acid, on the 
growth, tuberization, flowering and fruit set in sweet 
potato Stem cuttimgs of uniform thickness and 
12 m 1n length were selected from a local white 
variety of sweet potato The basal ends were im- 
mersed up to one meh in various concentrations of 
the growth regulators in water and m water alone as 
control When the cuttmgs were immersed for 
24 hr in water, root development was mhibited, 
this did not occur after 12 hr immersion Sub- 
sequent studies were therefore made by treating the 
stem cuttings for 12 hr only The treated cuttings 
were washed thoroughly with tap water and planted 
in a woll-prepared field on ridges with a spacmg of 
241n x 121n , 60 cuttmgs were planted from each 
treatment The plants were maintained with periodic 
irrigation and weeding, following the local practice 
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Observations on the growth of fohage, tuberization, 
flowering and fruit set were made at intervals. Three 
plants were selected at random from each treatment 
and the growth of shoot and root measured, the 
amount of tuberization was recorded by carefully 
digging out the plants, washing the tubers free from 
sol and takimg the fresh weight Representative 
samples of the foliage and tubers were collected and 
the dry weight and moisture percentage estimated 
The rates of growth of foliage and roots in terms of 
ther average fresh weights are shown in Fig 1 All 
the treatments, except «-naphthalene acetic acid 
25 ppm, were found to cause better growth of 
fohage and tuberization, as compared to the controls 
Among the treatments, mdole acetic acid 25 ppm 
gave the best results In general the chemical 
treatments hastened the growth of fohage, except in 
the case of 25 ppm naphthalene acetic acid, where 
there was a definite reduction in the weight (Fig 1) 
The treatments produced no significant difference in 
the moisture content of fohage or tubers The tubers 
m planis treated with indole acetic acid were 
characterized by  hnear developments, whereas 
with naphthalene acete acid no such effect was 
observed 

All the treated plants flowered earlier and com- 
paratively more than in the controls There was also 
more fruit set 1m all the treated plants, indole acetic 
acid at 10 ppm giving the besi results (Table 1) 
The seeds on maturity were collected separately and 
on testing were found to germinate 100 per cent, 
giving rise to normal plants 


Table 1 THE EFFECT OF INDOLE ACETIC ACID (IAA) AND NAPHTHA- 
LENE ACETIC AcID (NAA) TREATMENTS ON THE FLOWERING AND 
Fruit SET IN SWEET POTATO 








First Average No | Average 
Treatment flowering of flowers fruit set | Fruit set 
(ppm) after (days) per plant per plant | (per cent) 
Control 0 79 80 * — 
IAA 1 55 136 24 176 
10 50 180 38 211 
25 57 115 19 16 5 
NAA 1 71 96 16 16 6 
10 64 121 14 11 6 
25 65 111 10 90 





* Occasionally one or two fruits were found set in a few plants, 
wh.ch might be due to open pollination 


Seed setting in sweet potato seems to be rare under 
natural conditions»? The results obtamed in the 
present work indicate the possibility of mcreasing 
the fohage and tuber yields as well as increasing the 
flowering and fruit set by treating the stem cuttings 
with plant-growth regulators before planting Further 
studies are ın progress 
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ANIMAL PATHOLOGY 


Effect of Proflavine on the Formation of the 

Virus of Foot-and-Mouth Disease and its 

Infective Ribonucleic Acid in Pig Kidney 
Tissue Culture Monolayers 


PROFLAVINE inhibits the growth of bacterial viruses 
by blocking some process or processes connected with 
the formation of the infectrve virus particle from its 
sub-units Antigens, specific to the virus, are still 
synthesized m the presence of proflavine although 
fully infective virus particles are not produced These 
observations have also been made with some animal 
viruses (vaccima!?, fowl plague?, poliomyelitis‘) 
The action of proflavine is regarded as being due to 
the inhibition of cytoplasmic protem synthesis, but 
Dulbecco and Vogt’ have shown that low concen- 
trations of proflavme mduce mutations m the virus 
of poliomyelitis, so the compound probably has some 
action on the nucleic acid of this virus 

As ıt has recently been shown! that mfective 
ribonucleic acid can be obtamed from pig kidney 
tissue culture cells mfected with the virus of foot- 
and-mouth disease before fully mfective virus ıs 
formed, ıt was considered that ıt would be of interest 
to study the effect of proflavine on the synthesis of 
infective virus and its ribonucleic acid m this cell 
system Pig kidney cells grown ın monolayers were 
infected with stram 997 (type C) of the virus 
(10° ZD50 on each monolayer of 2 x 10° cells} After 
30 min adsorption the sheets were washed, medium 
containing 0-6 ugm proflavine per ml added and the 
cultures incubated at 37° C for 4 hr The entire 
cultures were then either (a) treated with 0 1 per cent 
sodium dodecyl sulphate’ to disrupt the cells and the 
released virus titrated m 7-day unweaned mice, or 
(b) treated with phenol’ at 2° C and the mfective 
ribonucleic acid titrated m pig kidney cell mono- 
layers In view of tue photodynamic action of 
proflavine on the virus of foot-and-mouth disease’, 
all the experiments were carried out ın the absence 
of light or m subdued hghting conditions The 
results in Table 1 show that a marked inhibition of 
infective virus synthesis occurred when the medium 
above the infected monolayer contamed proflavine 
As little as 1 pgm proflavme per ml reduced the 
infective virus titre thirty-fold, whereas the mfective 
ribonucleic acid titre was unaffected by this concen- 
tration When the proflavme concentration was 
increased to 2 ugm [ml the virus titre was reduced 
by a factor of one thousand but the ribonucleic acid 
titre was reduced only ten-fold It 1s clear, therefore, 
that proflavme exerts a much greater effect on the 
formation of fully mfective virus than ıb does on the 
synthesis of the infective ribonucleic acid 

Infected monolayers cubated ın the presence of 
2 ugm proflavme per ml showed cytopathogenic 


Table 1 EFFECT OF PROFLAVINE ON THE SYNTHESIS OF VIRUS AND 
INFECTIVE RIBONUCLBIO ACID BY PIG KIDNEY CELLS INFECTED WITH 
FOOT-AND-MOUTH DISEASE VIRUS 


Proflavine 
(ugm [ml ) 


Virus titre 
(log 1D50/ml ) 


Infective ribonucleic acid 
(log ID50/m1 ) 








e 
oo 


Non-infective 
Non-infective 


63 
53 
44 
38 
38 
33 
28 
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j s similar to those seen in duplicate virus- 
infected cultures ineubated in the absence of pro- 
flavine. Although these changes occurred more 
rapidly in the monolayers free from proflavine, with 
medium containing 2 pgm./ml. the cells were 
beginning to show cytopathogenie changes after 
4 hr. and were completely off the glass after 
24 hr. When the concentration of proflavine was 
increased to 10 ugm./ml., however, no change was 
apparent in 4 hr. although the cells had rounded and 
partly left the glass after 24 hr. Cell sheets which 
had not been infected with virus were unaffected by 
medium containing 10 ugm./ml. in 24 hr. 

The action of proflavine in inhibiting the synthesis 
of infective virus is very rapid. The results in Table 2 
show the effect of adding 2 ugm. proflavine per ml. 
to virus-infected monolayer cultures at various 
intervals after infection and then continuing the 
ineubation so that each culture was incubated for a 
total of 4 hr. following infection. Virus synthesis 
was stopped almost immediately, as shown by the 
corresponding titres in columns 2 and 3 of Table 2. 


Table 2. EFFECT OF PROFLAVINE ON THE PRODUCTION OF INFECTIVE 
VIRUS IN PIG KIDNEY CELL MONOLAYERS 








Virus titre at time 
of adding proflavine 
(log 4 D50/ml.) 


Virus titre at 4 hr. 
(log 1D50/ml.) 


25 






e 
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Although the culture fluids obtained 24 hr. 
following infection of pig kidney cell monolayers with 
virus fixed complement with the type-specifie anti- 
serum, the culture fluids obtained from similarly 
infected monolayers which had been incubated in the 
presence of 2 ugm. proflavine per ml. did not fix 
complement. This effect of proflavine must be on 
the virus-cell system, as the complement-fixing 
activity of virus suspensions was unaffected by 
treatment with the same concentration of proflavine. 
These experiments lead to the conclusion that at low 
concentrations proflavine can exert a differential 
inhibiting effect on the formation of viral protein, 
with the result that infective ribonucleic acid is still 
formed whereas the synthesis of infective virus is 
greatly inhibited. 

We wish to thank Dr. I. A. Galloway for bringing 
to our notice the photodynamic action of proflavine 
on the virus and Mr. B. Cartwright for carrying out 
the complement-fixation tests. 
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A. ible Explanation of the Formation of 


Long Platelets from Pulmonary 
Megakaryocytes - 


THE purpose of this communication is to suggest a 
possible explanation of the formation of the elongated 
sausage-shaped, sometimes bizarre long platelets that. 
are occasionally encountered in human blood smears. 
Since Bizzozero! first described the platelets as a 
distinet entity in 1882, much has been conjectured 
as to the source and mechanism of their formation. 
Before Wright? described the formation of blood plate- 
lets from bone marrow megakaryocytes in the marrow 
sinusoids in 1910, the thromboeytes were assumed to 
be formed from disintegration of erythrocytes and 
leucocytes. Howell and Donahue* unsuccessfully 
attempted to show by lung perfusion studies in 1937 
that the thrombocytes were formed from megakaryo- 
cytes. The latter they believed originated in the lungs. 
More recently, Humphrey* has added chemical 
evidence to the hitherto purely morphological 
evidence that the platelets are derived from the 
megakaryocytes. But according to Wintrobe* : “The 
mechanism of production of platelets from the 
cytoplasm of megakaryocytes is by no means 
clear." 

Unaware of the studies of Howell and Donahue, 
Sharnoff and Kim* recorded their observations on 
pulmonary megakaryocytes which appeared to 





Fig. 1 (above). Megakaryocytes in human pulmonary pre-capillary 


blood vessel ( x 414). Fig. 2 (below). Megakaryocyte dividing 
in the capillary anastomoses of the human lung. (x 414) 


(Photograph : Robert T. Duckworth) 
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Fig. 3 (above). Sausage-shaped Jong human blood platelet 

(x 890, eon, Fig. 4 (below). Long human blood 
platelet (x 830, oil immersion) 

(Photograph : Robert T. Duckworth) 





indicate that the presence of these cells in mammalian 
lung vessels is a normal phenomenon, where they 
appear to break up into platelets. Their studies 
demonstrated that the cells seen in the lung vessels 
were identical histochemically and morphologically 
with the bone marrow megakaryocytes and that they 
were transported from the bone marrow to the lungs 
by the venous circulation. Their histological observa- 
tions indicated that the megakaryocytes are too large 
to pass the lung capillaries intact (Fig. 1) and that the 
cells appeared to break up in the capillary anastomoses 
by the pumping action of the right heart ventricle 
(Fig. 2). The megakaryocytes appeared to be moulded 
into the shape of the capillaries and divided by their 
anastomoses. It was postulated that in assuming the 
capillary outline by being pressed into the vessels the 
cells can emerge as casts of the vessels, thus occa- 
sionally being encountered in blood smears as long 
platelets (Figs. 3 and 4). It can be further postulated 
that further break up of these elongated platelets may 
occur in the eventual passage through the peripheral 
capillary vascular system. It also would appear that 
the elongated forms are more commonly seen in 
individuals with high platelet counts where the 
platelets appeared freshly formed. 

In summing up, it would appear that long platelets 
may be formed from pulmonary megakaryocytes by 
being pressed into the lung capillary blood vessels and 
emerge as casts of the same. 
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A Seasonal Rhythm in the Presentation 
of Bone Sarcoma in Man 


From a study of the etiology of osteogenic sarcoma 
in man carried out during the past four years, it has 
been possible to demonstrate certain trends in the age 
and sex incidence of these relatively rare neoplasms?*. 
Probably the most interesting features are the 
observations that the tumours tend to arise at an 
earlier age in females among adolescents, and also the 
higher incidence of tumours of the arm and 
girdle at an earlier age compared with those of the 
leg and pelvis in juveniles of both sexes. On compari- 
son of the mean ages of groups of osteogenic sarcomata 
in adolescent males and females, whether for the 
whole skeleton or for individual bones, the differences 
of mean ages (male minus female) are seldom 
statistically significant, nevertheless they are almost 
invariably in the same direction. 

The most likely explanation of these differences in 
age, sex and site would seem to lie in the relatively 
advanced skeletal growth of girls, and in the general 
cephalad-caudad sequence of growth progression. It 
is well known of course that the majority of osteogenic 
sarcomata of adolescents arise in the metaphyses of 
the major long bones, although this feature of con- 
sistent anatomical location is not so clearly defined in 
tumours of persons over the age of fifty-five years, 
among whom Paget’s osteitis deformans forms the 
background of the majority of cases—at least in Great 
Britain’. In this older age-group the trends mentioned 
above cannot be shown to occur. 

Among the characteristic patterns of juvenile 
bone growth is a seasonal rhythm with the maximum 
velocity peak in the spring months of April, May and 
June. The literature on this subject has been discussed 
by Brody* and by Tanner‘, the former author 
comparing the human growth-cycle with other photo- 
periodic phenomena of mammals and birds. In 
discussing this topic Tanner* states that the monthly 
height-gain average for the period April-June may be 
as much as 2-23 times that of the months October- 
December. 

In the light of these considerations an analysis was 
made of the case-histories of 102 osteogenic sarcomata 
included in the records of the Bristol Bone Tumour 
Register; and from among these were eventually 
separated a group of 40 tumours of long bones all in 
persons less than 30 years old. This small series was 
supplemented by the addition of a further 34 cases 
from four other hospitals, details being furnished by 
the consultant surgical staffs and medical records 
officers of these institutions. These 74 cases have been 
plotted in Fig. 1 according to the month when they 
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first complained of any definite symptom directly 
related to their subsequent clinically apparent 
tumour. This initial symptom was most often bone 
pain—less frequently pain and local swelling. The 
data are cumulative over a period of 18 years (1941— 
58). It will be noted that the incidence of tumours 
is greater during the months June-November 
inclusive, when the monthly average was 9-2 tumours 
per month, than for the months December-May, 
when the average of 3-2 tumours per month was 
encountered. (This difference is statistically signifi- 
cant: x*—10.33; P < 0-01.) 


14 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Max. growth— 


Fig. 1. Os! c sarcoma—long bone cases only, all less than 
30 yr.old. Plotted according to month of presenting symptom : 
‘summer’ od (June-November, inclusive), 55 cases; ‘winter’ 
period (May-December, inclusive), 19 cases; total, 74 cases 


The same data were re-examined by annual groups 
(1943-58), but excluding 4 tumours which were 
recorded for the years 1941-42. Although the 
numbers each year are small, the trend of numerical 
preponderance in ‘summer’ still appears. The annual 
distributions are shown in Fig. 2. In 13 of 16 recorded 
years the number of tumours presenting during the 
‘summer’ period is greater than that encountered for 
the corresponding ‘winter’ period. (These differences 
are again significant, :=3-04; P < 0-01.) 


Summer 





1943 "45 '47 — '49 '51 '53  '55 — '57 


Fig. 2. Osteogenic sarcoma—same series as Fig. 1, plotted by 

years according to timing of presenting symptom. Comparing 

numbersin ‘summer’ and ‘winter’ YET the difference is statistic- 
ally significant (P < 0:01) 


For brevity’s sake it may simply be stated here 
that these differences in monthly incidence do not 
appear in a similar analysis of a series of 55 osteogenic 
arcomata in older persons more than thirty years of 
age. This negative result might be expected in view 
of the modified xtiology of bone tumours of this 
age-group. 
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It may be added that this increase in ‘summer’ 
incidence in the presentation of sarcomata holds for 
either sex when the whole series is so sub-divided. 
Moreover, it exists in each of the four major com- 
ponent groups of cases which were derived from 
Bristol, London, Manchester and Glasgow. (It has 
also appeared in a further group of 15 patients, 
details of whom were received too late for inclusion 
in the present study.) 

With the material available it is not yet possible 
to define the shape of the 'summer' peak or its 
preeise timing ; but in all probability it appears some- 
time during July and August, that is, about 3 months 
after the spring peak in the bone-growth velocity 
curve. , 

In adolescents the growth of bone in length with 
subsequent remodelling continues throughout the 
year, and is responsible in some obscure way for the 
basic monthly level of incidence of bone sarcoma. The 
probable size of the lag period between the two peaks 
of spring growth and presentation of bone sarcoma 
would seem however to suggest a biological linkage, 
especially in the light of collateral evidence which 
relates these two phenomena. Inquiry has not 
indicated any extraneous factors which might other- 
wise account for this abnormal distribution of tumour 
presentation during the yearly cycle. 

Dr. Grace M. Jeffree has assisted in this work by 
examining the case records of the Bristol group, and 
Mr. G. M. Clarke has given invaluable advice with the 
statistical treatment of the material. 

Details of patients have been freely given by the 
contributing members of the Bristol Bone Tumour 
Registry: by Mr. H. Jackson Burrows, and the 
Medical Records Officer and Committee of the Royal 
National Orthopaedie Hospital, London: by Dr. 
Ralston Patterson, of the Christie Hospital and Holt 
Radium Institute, Manchester: by Mr. Rowland 
Barnes, and Dr. Mary Catto, of the Glasgow Western 

: and by Dr. Constance A. P. Wood, of 
the Hammersmith Hospital, London. 

This investigation was supported by grants from 
the British Empire Cancer Campaign. 
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PLANT PATHOLOGY 


Needle Transmission of a New Maize Virus 


Tue rough dwarf disease of maize (‘‘Nanismo 
Ruvido del Mais") has been known from Italy since 
1949? and has lately been reported from Israel too*, 
The symptoms of the disease and its epidemiology 
were described in both countries? with the assump- 
tion that the causal agent is a plant virus. Since no 
experimental transmission of the disease had been 
accomplished, it was not certain that the agent was 
à virus. All attempts to transmit the disease by rub- 
bing sap into maize leaf blades, using various abra- 
sives, have failed. Transmission trials with a local 
dodder species, Cuscuta eigii Sroélov, also proved 
negative. Á 
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Recently, however, transmission has been achieved 
for the first time by the following method. Hybrid 
maize plants showing severe dwarf symptoms were 
ground in a meat mincer, the sap squeezed through 
a cheese cloth and then centrifuged for 5 min. at 
3,000 r.p.m. The supernatant fluid was injected 
by means of a 1 c.c. tuberculin syringe into the 
stalks of 3-week-old hybrid maize seedlings (Neve 
Yaar hybrid 22, single cross) grown under insect-proof 
conditions. The dosage was about 0-2 c.c. per seedling 
divided into 5 punctures at different sites. A control 
series was injected with healthy sap in the same 
manner. Three out of twelve plants injected with 
diseased sap, in two different series, developed both 
stem and leaf symptoms (including the rare symptom 
of split blade) within two months. As this was done in 
winter, without artificial illumination, it is believed 
that during summer the development of symptoms 
should be faster. Infectivity of the sap, when frozen, 
was retained for at least 24 hr. Since the virus 
is not transmitted by seed, the reliability of the test 
seedlings is unquestionable. 

Similar cases where mechanical transmission of 
plant viruses could be obtained by needle inoculation 
only are those of sugar beet curly top’ and clover 
wound tumour*. Both these viruses are leaf hopper- 
borne and, at least in the case of curly top, the virus 
is believed to exist in the phloem which might be 
considered inaccessible to ordinary surface rubbing’. 
In the case of the maize rough dwarf virus it may be 
inferred from Biraghi’s studies’ on the pathological 
anatomy of the disease that the virus tends to 
inhabit the phloem, though its natural vector is still 
unknown. 


I. Harpaz 


Faculty of Agriculture, 
Hebrew University, 
Rehovot, Israel. 
March 31. 
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5 Severin, H. H. P., Phytopath., 14, 80 (1924). 
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BIOLOGY 


Black Marlin in British East African 
Waters 


RECENTLY I stated that only the striped marlin 
(M. audax) had been caught by the East African 
Marine Fisheries Research Organization, and records 
of the black marlin in these waters were of doubtful 
value!. 

Since that communication I have taken two black 
marlin while using a longline 10 miles off the Tan- 
ganyika coast at latitude 8* S.; the fish were of 
standard length 2,130 and 2,325 mm. and weight 
125 and 135 lb. respectively. On capture and com- 
parison the differences from the striped marlin were 
most obvious—a very low dorsal fin, deep body, 
steeper head profile and ‘rigid’ pectoral fins. Pro- 
portional measurements confirmed the field observa- 
tions and an examination of the morphology of the 
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pectoral girdle showed it to be similar to that de- 
scribed by Morrow? as diagnostic for the black marlin. 
Colour was as follows: in life, upper two-thirds of 
body and fins blue-grey and lower third of body white, 
the join between the two colours being distinct ; on 
death, the colour fades rapidly and the body and 
fins become grey, a little darker above. There are 
at no time any signs of the vertical stripes or brilliant 
cobalt blue coloration of the striped marlin. 

Morrow (personal communication) reveals that his 
Pemba specimen of marlin weighed 159 Ib. at 2,151 
mm. and not 259 lb., as reported in his paper on 
East African fishes*, and thus the record is validated 
as that of a black marlin. 

In a recent paper on marlin taxonomy, Morrow* 
examined the pectoral girdle of the remains of 
Playfair’s type specimen of H. brevirostris from 
Zanzibar and found it to correspond exactly to that 
of the black marlin’. Thus the position of this fish 
is clarified, the original proportional measurements 
and later examinations of the type specimen being 
insufficient for exact identification as stated earlier’. 

The black marlin is rare in this area, only two 
having been caught hitherto by this Organization, as 
compared with eighty-four striped marlin. 


F. WILLIAMS 
East African Marine Fisheries 
Research Organization, 
Zanzibar. 
April 20. 
! Williams, F., Nature, 183, 762 (1959). 
* Morrow, J. E., Bull. Bingham Oceanogr. Coll., 16 (2), 88 (1957). 
? Morrow, J. E., Ann. Mag. Nat. Hist., 7 (12), 819 (1954). 
* Morrow, J. E., Buil. Mar. Sci. Gulf and Caribbean, 8 (4), 359 (1958). 


A Chimeric Duck with the Head of 
a Chick 


Ir is well known that the chick embryo fails to 
produce detectable antibodies against various foreign 
antigens, so providing a favourable environment for 
culturing viruses and transplanting various tissues of 





Fig. 1l. A duck embryo with the grafted head of a chick, after 
"38 days of incubation 
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birds and mammals!. It is also known from the work 
of Billingham et al.* that “actively acquired tolerance", 
the power to react immunologically against foreign 
homologous tissue cells with which they have been 
inoculated in fcetal life, is never developed by birds 
and mammals, or developed only to a limited degree. 
A renewed interest in heterotransplantation stim- 
ulated us to graft various types of tissue primordia 
between embryos of two different genera of birds, the 
chick (Galliformes) and the duck (Anseres). Using the 
same combination, HaSek and his co-workers were not. 
successful in inducing a tolerance for skin hetero- 
grafts between young obtained by embryonic para- 
biosis* or between young injected with each other's 
spleen or bone marrow cells shortly after hatching‘. 
On the other hand, some cases of limb bud grafting 
during early days of incubation by Eastlick* seem 
to indicate a certain degree of tolerance, although his 
experiment was carried out from a point of view of 
tissue incompatibility in heterologous combination*. 

As one of an experimental series of reciprocal 
chick-duck heterotransplantation, the grafting of the 
forebrain region following the technique originally 
developed by Martinovitch on the chick embryos’ 
was performed. The heads were severed just behind 
the optic vesicle, and were exchanged between the 
embryos of white duck and a coloured breed of chick, 
Barred Plymouth Rock, at stages corresponding to 
Hamburger and Hamilton’s stage 10-11. These 
stages were reached by the chick after about 42 hr., 
and by the duck after about 55 hr. of incubation at 
37-5° C. While the chick embryos grafted with duck 
heads did not survive for long, one of the duck 
embryos with the head of a chick survived through 
the whole length of its embryonic |life, 28 days of 
incubation (26 days after grafting). Fig. 1 illustrates 
this chimeric embryo. 

In size and in growth of feathers, the chimera 
resembles the average duck embryo at hatching. 
However, the umbilical ring was still large and the 
withdrawal of the yolk into the body cavity had not 
begun. The host duck was found by examining the 
gonad to be a male. 'The contribution made by the 
graft was represented by the upper beak and eyes, the 
under-developed crest and the melanophores. The 
latter spread over both lateral surfaces of the head 
far caudad beyond the auditory opening, leaving 
unpigmented only the feathers on a mesial portion in 
the occipital region. It was clear that an extensive 
migration of the chick melanoblasts had taken place 
because the ear region is obviously of duck origin. 
At the top of the head, there was a round area where 
no feathers and melanophores were present. The cause 
of this is not clear. When an X-ray photograph of the 
skull of the chimzrie embryo was compared with those 
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Fig. 2. X-ray photographs of the skulls at hatching. Left, a duck: centre, the chimæra 
(Big. 1); right, a chick. Note the striking similarity between the duck and the chimera, 
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of normal duck and chick embryos 
at hatching (Fig. 2), it proved to 
resemble the former much more 
than the latter. This indicates 
that skull of the chimmra was 
derived mainly from duck head 
mesenchyme. 

While this grafting was being 
undertaken, Martinovitch published 
the results of grafting by the same 
method and combination* in which 
considerable abnormalities were 
reported. Our efforts to hatch 
these chimsras have been unsuc- 
cessful, and the prospect is rather 
dubious (Martinovitch, P. N., per- 
sonal communication) However, a greater possi- 
bility of survival could be expected in the combina- 
tions of genetically more closely related species. 


TAMIKAZU SENO 
SABURO Sarro 


Department of Anatomy, 
Gunma University, 
Maebashi, Japan. 
May 14. 
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The Benthos of Soft Sea-bottom in Arctic 
North America 


QUANTITATIVE surveys of the benthos of soft 
sea-bottom were made in Baffin Island, N.W.T., 
during 1954 and 1955, in Greenland during 1956, and 
in Foxe Basin, N.W.T., during 1957, as part of 
expeditions organized by the Arctic Institute of 
North America and the Fisheries Research Board of 
Canada. These surveys, and others made previously 
in Greenland, show that Macoma calcarea com- 
munities! with standing crops generally greater than 
200 gm./m.* (fresh weight) occur in shallow water to 
about 50 m. depth in many localities in arctic North 
America. Other communities, some with very small 
crops, also occur in shallow water under localized, 
special conditions. They are the Venus fluctuosa, 
Portlandia arctica and Chiridothea sabini communities. 
The soft-bottom benthos in water deeper than about 
50 m. forms at least two communities, the Fora- 
minifera and Arca-Astarte crenata communities, with 
standing crops generally less than 100 gm./m*?. 

The distribution of these communities can be 
related to the environmental conditions. In these 
arctic regions the water at depths greater than 50 m. 
has permanently low temperatures, which may either 
be just above 0° C. or below. Ekman* calls regions 
with such temperatures “low-aretic” and “high- 
arctic" respectively. However, overlying the deep 
water is an annually insolated layer, the temperatures 
of which may occasionally rise to 5? C. or more in 
summer.  Low-aretie conditions can, and often do, 
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occur temporarily 
deeper water. ‘The two 
"ure Zones arranged ve 
zoogeographieal regions. As suc 
for an ecologist to use, but their significance is mainly 
as a guide to the temperatures ; they imply nothing 
about the dynamics of the oceanograpliie..conditions, 
unlike other systems of naming the aretiec marine 
regions’. zi 

The Macoma calcarea communities have only been 

found where sea temperatures are permanently or 
seasonally low-arctic. Thus they occur in surface 
.insoleted water in the regions farthest north, but 
may extend deeper elsewhere, for example, Spits- 
bergen, Iceland’. They have a wide geographical 
range, apparently because some of the component 
species can adapt their breeding season. to the time 
of year when appropriate temporatures occur, namely, 
in summer in the Arctic, in winter in warmer areas. 
The Venus fluctuosa and the Portlandia arctica com- 
munities appear to be restricted to certain bottom 
sediments within the low-arotie environment : types 
of coarse sand and fine mud, respectively. The 
Chiridothea sabini communities have only been found 
in two localities, in which the most obvious common 
environmental factor is very low summer tempera- 
ture, that is to say, permanently high-aretie. The 
two deeper water communities occur below the 
depths affected by insolation where temperatures may 
be either low- or high-arctic. 

Seattered dredge collections from Greenland to 
Alaska suggest that communities of Macoma calcarea 
are very widely spread in shallow water throughout 
arctice North America, but are replaced by other 
communities in deeper water. This pattern of vertical 
zonation appears to be very common. 

An account of the collections and a more detailed 
discussion of the ecological and zoogeographical 
concepts mentioned here is being prepared for 
publication. "Tables listing the species collected, and 
their numbers and weights per grab haul, are 
included in a doctoral thesis! deposited in the Redpath 
Library, McGill University. Montreal. 

D. V. Erus 
Fisheries Research Board of Canada, 
Biological Station, 
Nanaimo, British Columbia. 
: March 16. 
<Thorson, G., in “Treatise of Marine Ecology and Paleoecology'', 1, 
Chapter 17, p. 461 (Geol. Soc, Amer., Mem. 67, 1957). 
*Ekman, S., "Zoogeography of the Sea" (1953). 
? Dunbar, M. J., Fish. Res. Bd. Canad., Bull., 88 (1951). 
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CYTOLOGY 


Nuclear Deoxyribonucleic Acid Content and 
Endopolyploidy in the Meristem of Onion 
Roots 


PuorowtETRIC analysis of the deoxyribonucleic acid 
content of nuclei would afford an interesting approach 
to the problems connected with polyploidy, polyteny 
and endomitosis, our knowledge of which is still 
fragmentary. It would also help us to understand 
the evolutionary processes and trace the relationships 
of species. If, in accordance with the hypothesis of 
deoxyribonucleic acid constancy, there is a strict 
correlation between the deoxyribonucleic acid content 
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es, or more exactly the 
&asurement of deoxy- 

: iost way of studying | 

polyploidy, polyt d« mitosis, particularly in 
the interphase or prophase nuclei where the chromo- 
some numbers cannot be counted. Evolutionary . 
processes involving polyploidization from one species; | 
to another close one can be traced by means of | 
photometric analysis, as the deoxyribonucleic acid. 
content of the sperm or of the normal diploid nucleus: 
appears to be characteristic of a species. The 
utilization of deoxyribonucleic acid content in prob 
lems of evolution is well illustrated by Hughe: 
Sehrader's! work on a number of closely related 
species of mantids the karyotypes of which are ne 
analysable by the usual methods of comparative: 
cytology. The deoxyribonucleic acid content of thè 
spermatids of two species, one having twice the num: | 
ber of chromosomes as the other, was the same, agree- 
ing well with cytological studies which led to the con-. 
clusion that redistribution of chromosomal material: 
rather than polyploidy was involved in the evolution 2 
of these species. On the other hand, in two other, 
close species the deoxyribonucleic acid ratio of the 
spermatids was very near 1: 2, indicating that poly- 
ploidy had played a part in their evolution. 

During the course of studies on the deoxyribo- 
nucleic acid content of nuclei in the meristem of 
onion roots’ in one of the central rows of cells which - 
later become central vessels an unusual prophase was: 
found in one of the roots. Each of its chromosomes 
showed very distinctly two relationally coiled strands.: 
In these sections of roots fixed in acetic acid/alcohol - 
(1:3) pairs of sister chromatids at prophase usually | 
appear as single strands. Each strand in this excep- ^ 
tional prophase, furthermore, corresponded in thick... 
ness to a whole chromosome of a normal mid-prophase, : 
and the former can be identified as a mid-prophase 
by the length and relic coiling of the chromosomes. 
No doubt this nucleus has a diploid complement of 
chromosomes with four, instead of two, chromatids 
each. Judged by the number of genomes, such à 
nueleus is essentially tetraploid. This prophase. 
nucleus happened to be completely, or practically 
completely, within the section (15u thick) in spite of: 
its large volume of 3,638u3 (as compared with 903+ 
1.0044? found in diploid mid-prophases) (The 
volume in p? was computed. as V=2hA/3 where 
A is area in u? of the largest cross-section of the 
nucleus measured by a planimeter from a camera 
lucida drawing, and h is height in p found as the 
average difference of four pairs of readings from the: 
microscope fine-adjustment screw.) The deoxy- 
ribonucleic acid content measured in arbitrary units, | 
according to the two wave-length method of Patau! 
with modifications’ was y = 46-34, almost exactly. 
twice the mean obtained from seven diploid prophase. 
nuclei (Y = 22-88 +: 0-44) which is here taken as the: 
best estimate of 4C. zt 

Similar tetraploid prophases have, of course, been. 
observed before in differentiated root tissue (for 
example, in great numbers in Rhoeo roots treated 
with indoleacetic acid?) What makes the present 
nueleus highly unusual is its location well within the 
meristematic part of the root. It is, however, a 
region in which the cells of the central rows do not: 
ordinarily divide any more; instead, many or most 
of the nuclei in these rows step up their deoxyribo-: 
nucleic acid content to what must be about 8C or 
more as judged by their striking combination of large 
size and intense staining. One of these was measured. 










ribonucleic acid. 























theses nuclei are cut, i when choosing the 
nucleus to be measured selection for small volume 
was inevitable. This nucleus was 1,534u3, much less 
than the volume of the tetraploid prophase nucleus 
and almost the same as the volume, 1,569u5, of a 4C 
interphase nucleus (y = 22-87) which was also found 
in a central cell row. A volume of 1,534y3 falls well 
outside the range of interphase nucloi of the diploid 
iotiecycle. Lying in a central cell row this nucleus 
y have been approaching another deoxyribonucleic 
/nthesis. In that event it would be more proper 
the nucleus a tetraploid interphase I rather 
.» diploid interphase III. (During deoxyribo- 
eléie acid synthesis an interphase I with the 
oxyribonucleic acid content 2C is followed by an 
terphase TI with intermediate deoxyribonucleic 
acid content, and this by an interphase ITI with 
deoxyribonucleic acid content 4C.) The ambiguity 
of interpreting deoxyribonucleic acid classes in terms 
of polyploidy has already been stressed by Patau and 
ift®.. What can presumably safely be said in the 
,; Say; of an 8C interphase is that such a nucleus 
ust be at least a tetraploid and no more than 
toploid. Tn central cell rows within the meristem, 
ough in its proximal part, the nuclear deoxyribo- 
icleie acid content is occasionally stepped up still 
further. These nuclei are usually too large to be 
included in one section. The two cut parts {identified 
by their position relative to eight surrounding nuclei 
which were also cut) of one such nucleus in neigh- 
bouring sections were measured separately. The 
total deoxyribonucleic acid content y = 81-56 is 
11 per cent less than 16C. The difference could again 
be plausibly ascribed to uncompleted deoxyribo- 
nucleic acid synthesis, as the volume, 4,5754, of this 
interphase nucleus was not much more than that of 
the 8C prophase. 

5 Ht is noteworthy that the appearance of deoxy- 
ribonucleic acid values higher than 4C in the central 
cell row is accompanied by an almost complete 
disappearance of mitotic nuclei. The tetraploid 
prophase was the only exception observed. All other 
nuclei were clearly at interphase. In these cells, 
contrary to those of the surrounding tissue, the 
initiation of mitosis has been blocked, but deoxyribo- 
nucleic acid synthesis has not. Precisely the opposite 
situation was found by Patau! in the corresponding 
tell rows of Rhoeo. In these, mitotic activity also 
stops long before it ends in the surrounding tissue, 
but deoxyribonucleic acid synthesis is blocked even 
earlier, for, in these rows (not only in the proximal 
meristem but also in the elongation zone) all but a 
very few nuclei have the deoxyribonucleic acid con- 
tent 2C. This means that the great majority of nuclei 
after their last deoxyribonucleic acid synthesis still 
underwent a mitosis, as this is presumably the only 
process capable of halving the deoxyribonucleic acid 
*ontent. The fact that either of the two processes— 
deoxyribonucleic acid synthesis and mitosis—may be 
slocked first characterizes them as essentially inde- 
gendent of each other, even though a normal mitosis 
3resupposes a previous deoxyribonucleic acid syn- 
;hesis. 

t is concluded that in central cell rows of onion 
‘mots, mitotic activity ceases deep in the meristem. 
instead, endopolyploidy develops, with the deoxy- 
‘ibonucleic acid content going up to 8C or even 16C. 
Jne quite exceptional prophase was found in a central 
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A Partial Chemical Characterization of 
Maize Coleoptile Cell Walls prepared with 
the Aid of a Continually Renewable Filter 


THE present work was undertaken with the 
objective (a) of preparing plant cell-wall fragments 
free of contamination by intact cells, cytoplasm, 
plastids and other cell inclusions, but containing most 
of the constituents of the cell wall, including proteins; 
and (b) of characterizing such a cell-wall fraction 
chemically. The procedure differed from those 
previously reported in that a filtration technique waa . 
employed for purification of the cell-wall fragments 
and in that isolation was accomplished in an essen- 
tially non-aqueous media. It is believed that tho. 
filtration technique may prove generally useful in the. 
preparation of cellular components where purification 
by differential or gradient centrifugation proves 
impossible. Previous reports of the chemical com- 
position of plant cell-wall tissue have been based on 
the residue remaining after extraction of tissue 
macerates with water!. Such residues undoubtedly 
contain particulate cellular inclusions. 

Maize (Zea mays) coleoptiles were chosen for the 
present study because of the information already 
available regarding coleoptile tissue. The coleoptiles 
were excised from 5-day-old seedlings of Michigan 
350 hybrid maize which had been germinated at 
25° C. and 90 per cent relative humidity. 25 gm, of 
the coleoptile tissue were homogenized (Servall 
‘Omnimixer’) for 10 min. at 16,000 r.p.m. together 
with 180 ml. of glycerol and 37 gm. of glass beads 
200. in diameter (Minnesota Mining and Manufac- 
turing Company, Saint Paul, Minnesota). The homo- 
genate so obtained was permitted to stand for 4 hr. 
during which time the bulk of the beads settled out. 
The supernatant fluid (Fig. LA) was decanted into a 
150-ml. coarse-porosity sintered glass funnel con- 
taining a filter-bed consisting of 1 em. of the 200-4 
glass beads. Filtration wes accomplished at the 
suetion pump with continual stirring at gradually 
increasing depth in the glass-bead filter so as to 
prevent mat formation.  Plastids, nuclei, mito- 


: chondria and soluble protein appeared in the filtrate 


while the cell walls remained in the glass-bead filter- 
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Fig. 1. Photomicrogra: of cell-wall tions at two stages 
of fication: A, cru homogenate showing cell-wall fragments 
plastids; B, purified cell-wall fragments after fourth 
E filtration 
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mat. The beads together with cell-wall material were 
nded in 50 ml. of glycerol and the mixture 
again allowed to settle for 4 hr. The supernatant 
we fluid containing the suspended cell walls was again 
decanted into a fresh glass-bead funnel and the 
filtration and settling procedure repeated three times. 
^" After the last resuspension, the beads were again 
allowed to settle and the traces of beads remaining 
removed by centrifugation for 5 min. at 500g. The 
cell-wall material was then collected as a pellet by 
centrifugation at 25,000g for à hr. Purified cell-wall 
preparations so obtained constitute about 5 per cent 
of the initial dry weight of the corn coleoptile tissue 
and are practically free of microscopically visible and 
histochemically detectable cell inclusions as shown in 
Fig. 1B. If the filtration fluids are reworked until all 
visible cell-wall fragments have been removed, a 
yield of 20 per cent of the coleoptile dry weight is 
obtained. For chemical analysis, the cell-wall 
material was washed free of glycerol by suspension 
and resedimentation five times in a ten-fold volume 
of absolute alcohol and dried to constant weight. 

The results of analysis of cell-wall preparations and 
of whole dried coleoptile tissue are presented and 
compared with those of other authors in Table 1. To 
our knowledge, no previous reports of the sulphur, 
calcium or magnesium contents of primary cell-wall 
tissue have been published. In general our results 
are in accord with previously published values with 
the notable exception of the protein content of the 
cell walls. Thimann and Bonner reported 12 per cent 
protein for Avena coleoptile (corresponding to 1-9 per 
cent nitrogen) while Nakamura and Hess reported 
30-4 per cent protein for a water-insoluble fraction of 
maize coleoptile. In the present work, protein, 
calculated from the nitrogen determinations, would 
be 2-5-5-1 per cent. Probably the higher values 
previously reported are due to a greater degree of 
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* We are indebted to Dr. Peter Albersheim for the anhydrouro: 
acid and to Mrs. Mary A. Vacasey for the calcium and magnesii 
determinations. 
+ Maize coleoptile (ref. 1c). 
Maize coleoptile (ref. 15). 
Avena coleoptile (ref. 1a). 
Avena coleoptile (ref. 5). 


contamination of the cell-wall preparation by cyt 
plasmic substances. 

A limited characterization of the polysacchari 
components of the cell wall was made by the gener 
procedure of Norman?, Cellulose was extracted fro 
the 0-5 per cent ammonium oxalate insoluble cell-wi 
fraction with 72 per cent sulphuric acid after hydro] 
sis with 2 N hydrochloric acid. The extract w 
diluted to 5 per cent sulphuric acid, hydrolysed, ai 
glucose was determined with the aid of gluco 
oxidase. By this procedure the cellulose content w 
calculated to be 27 per cent. The ‘pectin fractio 
as isolated by the usual precipitation method fro 
ammonium oxalate extracts constituted 28 per ce 
of the dry weight of the cell-wall preparation. Pap 
chromatographic examination of the ‘pectin fractic 
following exhaustive methylation and acid hydro) 
sis? indicated that only 2-5 per cent of the cell-w 
weight was polyuronie acid. Since losses of uror 
acid by this method might be expected, the value 
8 per cent obtained by Dr. Albersheim seems corre 
The ribonucleic acid content of the cell wall w 
found to be less than 0-15 per cent as determined | 
the method of Ogur and Rosen‘. This would accou 
for approximately half the total cell-wall phosphor: 

In summary, our present analysis accounts for or 
approximately 45 per cent of the cell-wall dry weig! 
Qualitatively, it may be stated that starch a 
dextrines are absent but there are large amounts 
pentose and hexose polysaccharides. Further stud 
of these as yet uncharacterized carbohydrate fri 
tions and the enzymatic activities of cell-wall fri 
ments are in progress. 

This work was supported in part by the Michig 
Agricultural Experiment Station and by the Natio 
Science Foundation. 
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ROBERT 8. BANDURSKI 
Departments of Botany and Plant Pathology, 
Michigan State University, 
East Lansing, Michigan. 
1 a, Thimann, K. V., and Bonner, J., Proc. . Soe. , B, 113, 126 (19 
b, Nakamura, Y., and Hess, K., Ber. chem. Ges., 71, 145 (19 
e Wirth, P., Ber. schw. bot. Ges., 86, 175 (1940). 
s Norman, A. G., “The Biochemistry of Cellulose the Polyuron 
Lignin", 232 (Clarendon Press, Oxford, 1937). 
3 Morell, S., Baur, L., and Link, K. P., J. Biol. Chem., 105, 15 (19 
* Ogur, M., and Rosen, C., Arch. Biochem., 25, 262 (1950). 
: Bishop, 9. FA Bayley, S. J., and Setterfleld, G., Plant Physiol., 
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FORTHCOMING EVENTS 


Sunday, September 6— Wednesday, September 9 


, BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at 
York) —Continuation of Annual Meeting 


Sunday, September 6 


At_1030 am.—(n York Minster)—Religious Service Preacher 
The Most Reverend the Lord Archbishop of York 


Monday, September 7 


At 10am —Prof O M B Bulman, FRS “Recent Develop- 
nents and Trends im Paleontology” (Presidential Address, Section C) 

At 10 a m —Prof Ian A Richmond “The Nature and Scope of 
irchæology” (Presidential Address, Section H) 

At 10 am—Prof A Hemingway “Artificial Organs—Buological 
\pplications” (Presidential Address, Section I) 


At 8 pm —Sir Wiliam Hildred “International Air Transport 
?roblems" (Evening Discourse) 


Thursday, September l0—Friday, September lI 


SOCIETY OF INSTRUMENT TREOHNOLOGY (at the Polytechnic, Regent 
itreet, London, W 1), at 915 am Thursday and 10 am Fnday— 
Sducation Conference 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
efore the dates mentioned 

ASSISTANT LECTURER (with an honours or special degree 1n psycho- 
gy or equivalent) IN PsycHOLOGY—The Secretary, Bedford College 
University of London), Regent’s Park, London, N W 1 (September 

LEOTURER IN EDUCATION at the University of Otago, Dunedin, 
Tew Zealand—The Secretary, Association of Universities of the British 
‘ommonwealth, 36 Gordon Square, London, WC1 (New Zealand, 
eptember 20) 

LECTURER (with a good honours degree in electrical engimeerimng or 
hysics, and industrial or research experience in light-curient electrical 
agineering) IN ELECTRICAL ENGINEERING at Queen's College, Dundee 
University of St Andrews)—Joint Clerk to the University Court, 
jueen’s College, Dundee (September 28) 

ASSISTANT LECTURER IN SOCIAL ADMINISTRATION—The Registrar, 
'he University, Manchester 13 (September 30) 

LECTURER IN MATHEMATICS at the University of New England, 
-ustralia—The Secretary, Association of Universities of the British 
ommonwealth, 36 Gordon Square, London, WC1 (Australia, 
eptember 30) 

LECTURER IN ZOOLOGY at the University of Queensland, Australia 
-The Secretary, Association of Universities of the British Common- 
ealth, 36 Gordon Square, London, W C1 (Australia, September 30) 

SENIOR LEOTURER IN PHYSIOS, a LEOTURER IN PHYSICS, and a 
ECTURER IN SOOIOLOGY at Rhodes University, Grahamstown, South 
frica—The Secretary, Association of Universities of the British 
ommonwealth, 36 Gordon Square, London, W C1 (South Africa, 
eptember 30) 

LECTURER IN GEOGRAPHY at the University of Sydney, Australia— 
he Secretary, Association of Universities of the British Common- 
ealth, 36 Gordon Square, London, W C1 (Australia, October 1) 

CHAIR OF CHEMISTRY at Bedford College—The Academic Registrar, 
niversity of London, Senate House, London, W C 1 (October 5) 

CHAIR OF PHYSICS in the University of Tasmama—The Secretary, 
ssociation of Universities of the British Commonwealth, 36 Gordon 
yare, London, W C 1 (Australia, October 15) 

LECTURER or ASSISTANT LECTURER (with special qualifications 1n 
iysical chemistry) IN CHEMISTRY—Secretary, The Royal College 
"Science and Technology, Glasgow 
MAP CURATOR IN THE DEPARTMENT OT GEOGRAPHY AND GEOLOGY 
-The Registrar, University College of Wales, Aberystwyth 


\EPORTS and other PUBLICATIONS 


(not included vn the monthly Books Supplement) 


Great Britain and Ireland 


Department of Scientific and Industrial Research Forest Products 
esearch Laboratory Leaflet No 52 Grading of Sawn British Hard- 
oods Pp 8 (London HM Stationery Office, 1958 ) 6d net [284 
The Wellcome Trust Second Report covering the period 1956- 
058 Pp 72+3 plates (London The Wellcome Trust, 1959) [284 
Ministry of Power Reportsof H M Inspectors of Mines and Quarries 
ider the Mines and Quarries Act 1954, for 1958 North Western 
ivision By R H Clough Pp 11+44+5 plates (London HM 
ationery Office, 1959) 4s net {284 
British Museum (Natural History) ^ Ruwenzori Expedition 1952 
01 2,No 1 Coleoptera Chrysomelidae By G E Bryant Pp 15 
: net Vol 2, Nos 2-7 Coleoptera  Plocamotrechus By R 
annel Coleoptera Gyrinidae By P Brick Coleoptera Mor- 
Tlhdaeand Seraptudae By M Franeiscolo Coleoptera Cantharidae 
id Malachiudae By W Wittmer Coleoptera  Erotylidae (Cladoxeni- 
ve and Langurnnae) By A Villers Diptera — Cuheidae (Dixinae), 
oisopodidae and Ptychopteridae By P Freeman Pp 17-42 
‘net Vol 2, Nos 8-10 Odonata Trichoptera, Ephemeroptera, 
lecoptera and Neuroptera By D E Kimmins Pp 43-67 5s net 
‘ondon British Museum (Natural History), 1959 ) [284 
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British Museum (Natural Histor y) British Antarctic (“Terra Ni ova’’) 
Expedition, 1910 Natural History Report Geology, Vol 2, No 2 
The Volcanic Rocks of Cape Adare, South Victoria Land | By W 
Campbell Smith Pp 109-1504+3 plates (London British Museum 
(Natural History), 1959 ) 15s [284 

British Coal Utihzation Research Association Annual Report, 
1958 Pp 1+60 (Leatherhead British Coal Utihzation Research 
Association, 1959 ) [284 

Macaulay Institute for Soil Research Annual Report, 1957-1958 
Pp 55 (Craigiebuckler, Aberdeen Macaulay Institute for Soil 
Research, 1959 ) [284 

Forestry Commission Small Pup Mill Survey—Economic Study 
Umted Kingdom By Sandwell and Co Ltd Pp iv+48 (London 
HM Stationery Office, 1959) 4s net [284 

Royal Institute of Chemistry Monographs for Teachers No 1 
Principles of Electrolysts By Prof C W Davies Pp v+30 3s 6d 
No 2 Principles of Oxidation and Reduction By Dr A G Sharpe 
Pp v+30 3s 6d (London Royal Institute of Chemistry, 1959 ) [284 

library Association Statistics of Public (Rate Supported) Libraries 
in Great Britain and Northern Ireland (1957-1958) Pp 33 (London 
Library Association, 1959) 78 6d [284 

The Wellcome Research Laboratories, Beckenham, Kent—Deserp- 
nve. Brochure Pp 20 (London The Wellcome Foundation, 


Royal Institute of Chemistry Index of Chemistry Films a Com- 
prehensive List of Films and Filmstrips on Chemistry and Related 
[opes Pp ıx+150 (London Royal Institute of Chemistry, 1059 ) 

S 294 


Department of Scientific and Industrial Research Government 
Publications—Sectional List No 3 Pp 26 (London HM Statıonery 
Office, 1959 ) [284 

Mmistry of Labour and National Service Radioactive Markers 1n 
Go-Devils Safety Precautions (Safety, Health and Welfare, New 
Seres, No 7) Pp 12 (London HM Stationery Office, 1959 ) 
ls net [284 

Association of Universities of the British Commonwealth List 
of University Institutionsin the British Commonwealth | Fifth edition 
Pp 8 Students from other Countriesin United Kingdom Universities, 
1958-59 Pp 2 (London Association of Universities of the British 
Commonwealth, 1959 ) [28 

Proceedings of the Royal Irish Academy Vol 60, Section A,No 1 
On the Behaviour, According to Newtonian Theory, of a Plumb Line or 
Pendulum Attached to an Artificial Satellite By J L Synge P 1-6 
1s Vol 60, Section B, No 1 The Interglacial Deposit, near Gort, 
Co Galway, Ireland By Knud Jessen, Svend Th Andersen, and A 
Farnngton Pp 1-77+plates 1-9 11s Vol 60, Section B, No 2 
Interglacial Deposits at Kilbeg and Newtown, Co Waterford By W A 
Watts Pp 79-134+plates 10-14 7s 6d Vol 60, Section B, No 3 
The Lee Basin Parti Glaciation By A Farrmgton Pp 135-166-+ 
plates 15-17 4s (Dublin Hodges, Figgis and Co , Ltd ,1959 ) [984 

Ministry of Power Reports of HM Inspectors of Mines and Quarries 
under the Mines and Quarries Act 1954, for 1958 Northumberland 
and Cumberland Division By H F Wilson Pp 1v+32 (London 
HM Stationery Office, 1959) 2s 64 net [284 

Royal Cornwall Polytechnic Society The One Hundred and Twenty- 
fifth Annual Report, 1958 Pp 60 (Falmouth Royal Cornwall Poly- 
technic Society, 1958 ) [284 

Ministry of Agriculture, Fisheries and Food Technical Bulletin 
No 7 Plant Nematology Edited by J F Southey (Based on the 
collected lectures from a course held at the NA AS Regional Head- 
quarters, Bristol ) Pp vi+175+12 plates (London HM Stationery 


Office, 1950 ) 9s 6d net [284 
Planning, Vol 25, No 482, (18 April 1959) History of the Free 
Trade Area Negotiations By Miriam Camps Pp 53-84 3s 60d 


Planning, Vol 25, No 423, (20 April 1959) 
Pp 85-112 2s 6d (London 
1959 ) [284 
Building Research Station Digest No 120,(March,1959) Questions 
and Answers Pp 6 (London HM Stationery Office,1959 ) 4d [284 
Universities Council for Adult Education ^ Report on the Year 
1957-58 Pp 28 (Bristol W E Salt, Honorary Secretary, The 
University, 1959 ) 284 
Petroleum Information Bureau UK Petroleum Industry Statistics 
relating to Consumption and Refinery Production, 1957 and 1958 
Pp 10 (London Petroleum Information Bureau, 1959 ) [55 
Scottish Field Studies Association Annual Report, 1958 Highland 
Birds By W Kenneth Richmond Pp 20+38 plates (Glasgow 
Scottish Field Studies Association, c/o Department of Botany, The 
University, 1959 ) [55 
Smoking and Lung Cancer By T W Lees Pp 32 (Carluke, 
Lanarkshire T W Lees, c/o Law Hospital, "o 5 
Staff Management By Elizabeth Barling 46 (London. 
Institute of Personnel Management, 1059 ) 4s 6d 55 
Instrument Construction, No 1, 1950 Translated from the Russian 
Pp 38 Published monthly Subscription £6 yearly post free (17 10 
dollars US A and Canada Special rate of £3 yearly post free (8 55 
dollars US A and Canada) available to University and Technical 
College libraries for which application must be made to the publishers 
(London Taylor and Francis, Ltd ,1959 Published for the British 
Scientific Instrument Research Association ) [55 
Ministry of Agriculture, Fisheries and Food Infestation Control 
a Service to Agriculture and Food Storage Pp 1v+32-+12 plates 
(London HM Stationery Office, 1958,) 4s net [55 
Ministry of Health, Department of Health for Scotland Radio- 
logical Hazards to Patients Interim Report of the Committee Pp 22 
(London HM Stationery Office, 1959) 1s 3d net [55 
British Medwal Bullet, Vol 15, No 2, (May 1959) Blood Groups 
Pp 89-174 (London British Council, 1959) 20s [55 
University of Cambridge Department of Engineering Report of 
the Head of the Department for the year 1957-58 Pp 12 (Cambridge 
Department of Engineering, The University, 1959 ) [55 
Association of British Pharmaceutical Industry Annual Reportand 
Year Book, 1958-59 Pp 48 (London Association of British Phar- 
maceutical Industry, 1959 ) [55 
Journal of Molecular Bwlogy, Vol 1, No 1, (April 1959) Pp 86 
Published six times per annum Vol 1, 1959, 100s (14 dollars) 


Planning in Pakistan 
Political and Economie Planning, 


B A 84 


(London Academic Press, Ltd New York Academic Press, Inc , 
1959 

dioit of Scientific and Industrial Research Water Pollution 
Research 1953 The Report of the Water Pollution Research Board 
with the Report of the Director of the Water Pollution Research 
Laboratory Pp v+113+4 plates (London HM Stationery Office, 
1959) 7s net [55 

Ministry of Power Reports of HM Inspectors of Mines and Quarries 
under the Mines and Quarries Act 1954, for 1953 Durham Division 
By W Widdas Pp iv+33+1 plate 3s net South Western Division 
By f A Jones Pp iv+27+8 plates 2s 641 net Scottish Division 
By H Hyde Pp iv+8)+5 plates 4s 62 net (London H M 
Stationery Office, 1959 ) [55 


Other Countries 


Boletin do Museu Nacional, Rio de Janeiro Nova Série Zoologia 
No 169 Ictiofauna de Pirassununga 3 Familha Cihhdae (Perci- 
formes—Actinopterygi1) By Haroldo Travassos and S Y Pinto 
Pp 20 No 17 Sobre Travtrema stenocotyle (Cohn, 1902), (Trema- 
toda, Plagiorchoidea ) By J F Teixeira de Freitas and James E 
Dobbin, Jr Pp 25 No 171 Breves Notas Sobre o Genero Roth- 
schudva Grote, 1897, (Lepidoptera, Saturnudae) By R Ferreira 
d'Almedia Pp 47 No 172 Sobre Especies de Fannia R -D , 183) 
Novas ou Pouco Conhecisas (Diptera-Museidae) By Daley de Oliveira 
Albuquerque p No 173 Especies e Subspecies Novas 
de Ithomudae (Lepidoptera-Rhopalocera ) By R Ferreira d’Almeida 
Pp 17 No 174 Ithomsa unbrata, Hspecie Nova, (Lepidoptera, 
Hemiueueidae) By José Oiticica-Filho Pp 17 No 175 Hstudos 
Sobre a Familia Cichhdae—1 (Perciformes—<Actinopterygi1) (1) By 
Haroldo Travassosand S,Y Pinto Pp.9 No 176  Tiposde Saturnor- 
dea no United States National Museum 10 Genero Grammopelta 
Rothschild, 1907 (Lepidoptera, Arsenurinae) By José Oitietca-Filho 
Pp 13 No 177 Novo Genero e Nova Especie de Arcindae de Itatiaia, 
Estado do Rio de Janeiro, Brasil, (Lepidoptera—Heterocera) By 
‘Alfredo Reo do Rego-Barros Pp 6 No 178 ligeras Notas Sobre 
Algumus Achnote do Sudeste do Brasil (Lepidoptera —Rhopalocera) 
By R Ferreira d'Almeida Pp 7 (Riode Janeiro Museu Nacional, 
1957 and 1958 ) 284 

Institut Royal Météorologique de Belgique Contributions No 48 
La Thermosphére Par Dr Marcel Nicolet Pp 22 No 49 Re- 
marques a propos d'une Généralisation de l'Indice de Simuilitude de 
M Boulét Par Dr R Sneyers Pp 10 Publications Série A, No 9 
Annuaire Climatologique pour 1057 Pp 94 (Uecle-Bruxelles 
Institut Royal Météorologique de Belgique, 1959 ) [284 

Canada National Research Council Division of Building Research 
Technical Paper No 62 Building in Northern Canada By R F 
Legget and H B Dickens Pp vı+41 (Ottawa National Research 
Council, 1959 ) 75 cents [284 

Canada Department of Mines and Technical Surveys Dominion 
Observatories Publications of the Dominion Observatory, Ottawa 
Vol 20, No 2 The Mechanics of Faulting, with special reference to 
the Fault-Plane Work—a Symposium Edited by John H Hodgson 
Pp 114-251-418 (Ottawa Queen's Printer, 1959 ) 3 dollars [284 

Publications de l'Institut National pour l'Étude Agronomique 
du Congo Belge Carte des Sols et de la Vegetation du Congo Belge 
et Ruanda-Urundi 12 Bengamisa A Sols C Utilisation des Sols 
Notice Explicative dela Carte des Sols Par A Van Wambeke Pp 47 
(Bruxelles Institut National pour VEtude Agronomique du Congo 
Belge, 1958 ) [284 

Organization for European Economic Co-operation Statistical 
Bulletins Agricultural and Food Statistics Pp vi+130 (Paris 
Organization for European Economic Co-operation, London HM 
Stationery Office, 1959 ) 700 French francs, 12s , 2 dollars [284 

Institut des Parcs Nationaux du Congo Belge Exploration du Pare 
National Albert Mission J de Deinzelin de Braucourt (1950) Fasci- 
cule4 (1) Quaternary Fish-Fossils By P H Greenwood (2) Oiseaux 
Fossiles Par René Verheyen (3) Mammitéres Fossiles Par A Tindell 


Hopwood et Xavier Misonne Pp 120 (14 plates) (Bruxelles Institut 
des Parcs Nationaux du Congo Belge, 1959 ) [284 
Berichte des Deutschen Wetterdienstes Nr 50,(Band 7) Unter- 


suchungen Relefbedingter Kleinklimatisecher Fragen in Gelind- 
equerschuitten der Hochmontanen und Montanen Stufe des Mittel- 
und Sudwestharzes Von F K Hartmann, J van Eimern und Gisela 
Jahn Pp 40 690 D M Nr 51(Band 7) Die, Meteorologische Tagung 
in Garmisch-Partenkirchen vom 17 bis 19 Oktober 1958 Pp 114 
94 DM Nr 52, (Band 7) Sichweite und Bewdlkung an Deutschen 
Verkehrsflughafen Von Hans Guss Pp 58 (Offenbach aM Deut- 
schen Wetterdienstes, 1959 ) 

Rubber Research Institute of Malaya Annual Report 1055 Pp 85 
Kua Lumpur Bubber Research Institute of Malaya, 1959) ragi 

ollars 

United States Department of Agriculture Production Research 
Report No 25 Estimations of Wind Erodibihty of Farm Fields 
By W S Chepil and N P Woodruff Pp 22 (18 photographs) 
(Washington,DC Government Printing Office, 1959 ) 15 cents [284 

Académie Polonaise des Sctences Centre de Cracovie Acta Biologica 
Cracovensia Série Botanique, Vol 1, No 1, Janvier-Mars, 1958 
Pp 56+8 plates Cena zl 26 Série Zoologie, Vol 1, No 1, Janvier- 
Maı, 1958 Pp 34+6 plates Cena zl 750 (Cracovie Imprimerie 
de l'Université, 1958 and 1959 ) 

Smithsonian Institution Bureau of American Ethnology Bulletin 
170 Excavations at La Venta, Tabasco, 1955 By Philip Drucker, 
Robert F Heizer and Robert J Squier With Appendices by Jonas E 
Gullberg, Garniss H Curtisand A Starker Leopold Pp vii+312+63 
plates (Washington, DC Government Printing Office, 1959 ) 

[284 


np 

Institut Royal des Sciences Naturelles de Belgique Expédition 
Océanographique Belge dans les Eaux Cotiéres Africaines de l'Atlan- 
tique Sud (1948-1949) Résultats Scientifiques Vol 3, Fascicule 5 
Porcellanid Crabs By Fenner A OChace Copépodes Parasites Par 
André Capart Pp 126 (Bruselles Institut Royal des Sciences 
Naturelles de Belgique, 1959 ) [ 

European Productivity Agency of the Organization for European 
Economic Co-operation Fitting the Job to the Worker a Survey 
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of American and European Research into Working Conditions 
Industry—Heat and Cold, Human Fatigue, Machine Desig) 
Mental Stress, Noise, Physical Health, Speed and Proficienc 
(Report on a Mission to the United States, 5 Sept -3 Nov 196! 
and on the Leyden Seminar 29 March-3 April 1957 ) Pp 170 (Par 
European Productivity Agency of the Organization for Europe 
Economic Co-operation, London HM Stationery Office, 19b! 
800 French francs, 14s , 2 50 dollars (2 

Boletin do Museu Nacional, Rio de Janeiro Nova Série Zoolog 
No 179 Fauna do Distrito Federal 6 Contribuicao ao Conhe 
mento de Phaona R -D , 1830, com Descricao de Novas Espec 
(Diptera-Museidae) By Daley de Oliveira Albuquerque Pp € 
No 18 Tipos de Saturmordea no United States National Musew 
1l Genero <Adelonewara Travassos, 1940, (Lepidoptera, Adelot 
phahnae) By José O:ticica-Fiulho Pp 79 No 181 Sobre Ophy 
R -D , 1830 na America do Sul, com Descricao de uma Especie No 
(Diptera-Museidae) By Daley de Oliveira Albuquerque Pp 1 
No 182 Tipos de Saturmovlea no United States National Museu: 
12 Genero Almewella Oiticica-Filho, 1945, (Lepidoptera, Adelo: 
pralinae) By José Oiticica-Filho Pp 21 No 183 Sobre o Gene 
Acnodes Burr, 1911 Coligido em Tapirapes, Estado de Mato Gros: 

rasil, (Dermaptera-Pygidicranidae) By J P M Filho Pp 7 ? 
184 Descricao de um Alotipo e duas Especies Novas de Carvblattou 
Rehn and Hebard, 1927, (Blattidae-Pseudomopinae), (1) By Isol 
Rocha and Silva Albuquerque Pp 14 No 185 Resultados 
Uma Excursao Ornitologica do Museu Nacional a Brasilia, No 
Distrito Federal Goias, com a Desericao de um Novo Representante 
Scytalopus, Aves),(1) By Helmut Sick Pp 41 No 186 Analgesid 
Neotropicais 1 Duas Novas Especies de Pterodectes Robin, 18! 
(Acarina-Proctophyllodinae) Coletadas em Fringilidae, Aves, Passe 
formes By Herbert F Berla Pp 6 No 187 Fauna do Distr 
Federal 23 Contribuicao ao Conhecimento do Genero Demogorg 
Kirby, 1891, (Dermaptera, Labiduridae) By Joaqum P M fill 
Pp 7 No 183 Quatro Especies Novas de Neoblattela Shelfo: 
1906, (Blattidae-Pseudomopinae) By Isolda Rocha and Silva Alt 
querque Pp 22 (Riode Janeiro Museu Nacional, 1958 ) {2 

Seventy-fifth Annual Report of the Bureau of American Ethnolo 
to the Secretary of the Smithsonian Institution, 1957-1958 Pp u 
2050 ) plates (Washington, DC Government Printing on 

American Phi osophical Society Year Book 1958 Pp 652 (Phi 
delphia American Philosophical Society, 1959 ) 

Work carried Out under the Auspices of the Indian National Co 
mittee for the IG Y , 1957-1958 (Issued on the Occasion of t 
Sixtieth Birthday of Dr K S Krishnan, FRS) Pp vi+110 (E 
printed from the Journal of Scientific and Industrial Research, Vol 1 
No 12, 1958) (New Delhi Indian National Committee for t 
International Geophysical Year, 1958 ) [ 

Durban Museum Novitates Vol 5, Part 12 Miscellaneous Tax 
nomic Notes on African Birds 1 Geographical Variation in t 
Narma Trogon Apaloderma narma (Stephens) of Africa By P 
Olancey Pp 151-179 5s net Vol 5, Part 13 Eine Neue Dip. 
nevra (S Str) (Dpit Phor) aus Natal Von Erwin Matthias Bey 
Pp 181-188 1s net (Durban Durban Museum, 1959 ) [ 

Tanganyika Records of the Geological Survey of Tanganyi 
Vol 6, 1956 Pp 1i14+102+18 plates (Dar-es-Salaam Governme 
Printer, 1958) Shs 17/50 

Museum of Comparative Zoology at Harvard College Brevio) 
No 101, (March 2, 1959) Cervical Ribs in Turtles By Ernest 
Willams Pp 12+1 plate Bulletin of the Museum of Comparati 
Zoology at Harvard College Vol 119, No 8 Studies on the Mc 
phology and Function of the Skullin the Boidae (Serpentes) Part 
Cranial Differences between Python sebae and Epvcrates cemchr 
By T H Frazzetta Pp 451-472 Vol 119, No 9 ‘The Genus Tet 
gnatha (Araneae, Argiopidae) in Michigan By Arthur M Chickeru 
Pp 473—499 Vol 120, No 1 The herpetology of Southern Rhodes 
Part 1 Snakes By Donald G Broadley Pp 1-100+6 plates YV 
120, No 2 Studies on the Comparative Embryology of the Reptil1 


Nose By Thomas S Parsons Pp 101~277+7 plates (Cambrid; 
Mass Museum of Comparative Zoology at Harvard College, 1959 )[ 
International Nickel Company of Canada Limited Address 


Shareholders, Annual Meeting, April 20, 1959 By John F Thompsc 
Pp 16 (Copper Cliff, Ontario International Nickel Company 
Canada, Ltd , 1959 ) 

Uganda Protectorate Annual Report of the Geological Surv 
Department for the year ended 31st December, 1958 Pp 1+1 
(Entebbe Government Printer, 1959) Shs 2 [ 

Medical Education Annotated Bibliography, 1946-1955 Pp 8t 
(Geneva World Health Organization, London HM Statione 
Office, 1958 ) 20 Swiss frances, 35s , 6 75 dollars i 

Bulletin of the American Museum of Natural History Vol 11 
Article 1 The Cuban Edentates By William Diller Matthew ai 
Carlos de Paula Couto Pp 1-56-++plates1—42 (New York Americ: 
Museum of Natural History 1959 ) 2 50 dollars [ 
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EDUCATIONAL PROBLEMS OF THE COMMONWEALTH 


QEVERAL recent events of great public importance 
» have received little or no public discussion, due 
resumably to the stoppage in the printing industry 
a Great Britam Among these events the Common- 
vealth Education Conference, which met in Oxford 
Kurmg July 15-29, ıs outstandmg As the Secretary 
f State for Commonwealth Relations, Lord Home, 
*ated in the House of Lords on July 2, this Con- 
erence was called primarily to work out detailed 
Trangements for the new scheme for a thousand 
*ommonwealth scholarships and fellowships, which 
vas agreed upon by Commonwealth Ministers at the 
Crade and Economic Conference hold in Montreal in 
jeptember 1958 The Conference, however, was also 
o review existing arrangements for co-operation 
jetween the Commonwealth countries on education 
senerally, and although ıt was to settle its own 
genda, Lord Home mdicated that the supply and 
rainng of teachers and scientific and technical 
sducation would be subjects of particular importance 

In makmg this statement, Lord Home expressed 
he hope that from the Conference there would 
»merge practical schemes for furthering co-operation 
a this vitally important matter of education, where 
he needs are so great and where Commonwealth 
'ountries have so much to offer one another Lord 
Tome emphasized, too, the high standing of the 
Jommonwealth representatives at the Conference, of 
vhich Lord Hahfax was president and Sir Philip 
Morris was chairman, and he referred also to the 
even study tours of the United Kingdom, designed 
o give the delegates a balanced msight mto our 
esent system and its working, one of which each 
'verseas delegate would make before the Conference 
pened The contribution of the United Kingdom m 
'ommonwealth education 18 also described m a book- 
at prepared specially for the Conference by the 
'entral Office of Information (Hercules House, 
Vestminster Bridge Road, London, S E 1) 

The srmple fact, to which also Lord Home directed 
ttention on July 3, that any schemes which the 
‘onference might propose would almost inevitably 
avolve money, sufficiently indicates the importance 
f wide and informed publie discussion of the whole 
ubject The magnitude of the contribution which 
sritam 18 already makmg in this field must be fully 
nderstood, both in Britam and m the Common- 
vealth, and the implications elsewhere ın terms of 
1an-power, oven more than m terms of material or 
nancial resources, if the proposals of the Conference 
re to be correctly appraised, still more if the resources 
equired are to be fortheommg There can be few 
ubjects which better illustrate the bearing of ım- 
ormed discussion on the functioning of democratic 
astitutions, as there are also few in which party 
olities could be more damaging or dangerous. 
ndeed over wide areas, and especially m Africa, 
he success of self-government and the survival of 


democratic institutions may largely depend on our 
success m solving the problems mvolved m the 
expansion of education, especially secondary educa- 
tion, and 1n reconciling tho clash between the com- 
paratively slow, healthy growth im educational 
institutions and the mountmg demand for rapid 
political change 

In opening the Conference on July 15, the Earl 
of Halifax stressed the practical objectives of the 
Conference, and pointed out that to-day ıt 18 a ques- 
tion of the right sort of education at the right time 
Freedom itself will depend upon the education we 
are now providing for our young people, both because 
of the technical skills that education can provide and 
because of the qualities of character and mund that 
go with 1t Lord Home, ın a speech on the openmg 
night of the Conference, referred to the importance 
of the common pattern of education m the Common- 
wealth and the practical co-operation on which rb 1s 
based, both m relation to the particular objectives 
of the Conference itself and m the wider context of 
the promotion of international understanding, to 
which the interchange of teachers and students could 
make a most effective contribution 

Speaking in the House of Lords on July 29, Lord 
Home claimed that the Conference had been an 
outstanding success In the ten working days at 
Oxford, plans had been made not only to bring into 
operation the Commonwealth scholarship scheme 
approved in prinerple at Montreal, but also to pro- 
vide for both short- and long-term assistance to 
those Commonwealth countries where a shortage of 
teachers at all levels 1s holdmg up the development 
of education and the progress of the economy ‘The 
scholarship scheme itself will cost about £5 million 
during the first five-year period, of which the 500 
scholarships provided by the United Kingdom will 
take about half With the 250 offered by Canada, 
100 each by India and Austraha, 30 by Pakistan, 
25 by New Zealand, 12 each by Malaya and Nigeria, 
10 each by Ghana and Rhodesia and Nyasaland, 6 by 
Ceylon and 4 by East Africa, the target of 1,000 
scholarships 1s already exceeded For the most part 
the scholarships will be given to graduates for 
research or work for higher degrees m universities 
and comparable institutions m other Commonwealth 
countries than them own, and the scholarships will 
be tenable for an average period of two years and 
be comparable m standing with the best offered by 
any other country or m any other way 

A small number of visiting fellowships to enable 
distinguished Commonwealth professors to visit other 
Commonwealth countries and to work at institutions 
of their own choice will supplement the scholarships, 
and a few scholarships will also be tenable at the 
undergraduate-level where the courses required by 
the candidates are not available m their own countries 
It may be recalled that the United Kmgdom has 
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already contributed in grants and loans under the 
Colonial Development and Welfare Acts some £13 
milhon to Ingher education, and that there were imn 
1958-59 more than 7,000 full-tume students from 
other parts of the Commonwealth enrolled in 
universities of the United Kingdom with some 6,600 
students in technical colleges, and of these some 250 
were trainees under the Colombo Plan, so that the 
new scheme is only an extension in scale, and Lord 
Home pomted out in the House of Lords that the 
Conference itself recognized that ıt was only making a 
start on the most urgent and specific needs It there- 
fore recommended that another Commonwealth 
Education Conference should meet in 1961 to review 
progress and to make further plans 

Lord Home’s statement in the House of Lords 
showed that the Conference also frankly recognized 
that the most serious problem ıs that of teachers, 
and especially of those qualified to teach m the 
secondary schools, and that this special need of the 
emergent countries can only be met by special efforts 
on the part of the senior members of the Common- 
wealth The United Kingdom 1s already sending 
some 2,500 teachers a year to Commonwealth 
countries, but the Conference estimated that about 
a thousand more teachers are wanted each year for 
secondary schools, and two hundred for technical 
schools, m addition, 500 are wanted at once for 
teacher-traming colleges 

Lord Home said, quite correctly, that m the short 
run the quickest way 1s to send out teachers already 
trained to occupy key posts overseas, and this the 
older Commonwealth countries are proposing to do 
University lecturers and professors would be en- 
couraged to take up overseas posts, and in the United 
Kingdom a special effort will be made to help with 
teachers m those scientific and engineering subjects 
in which Commonwealth countries have reported their 
needs are greatest These subjects are, of course, 
those where the shortage of teachers 1s felt acutely 
m the United Kingdom, and Lord Home commented 
that, uf the objective 1s to be achieved, admimustrative 
measures will be necessary including the toppmg-up 
of salaries calculated on the local scale, the provision 
of passages for the teacher and his family, preserva- 
tion of his pension rights and promotion prospects 
and assistance in resettlement on return In promising 
the Conference that the British Government would 
help with such measures, Lord Home appealed also 
to teachers to respond to the challenge presented to 
men and women of talent, magimation and sympathy 

The United Kmgdom proposals provide for some 
four hundred additional United Kingdom teachers 
to serve in Commonwealth countries, but the long- 
term solution must be to build up the educational 
resources of the smaller Commonwealth countries by 
providing the staffs for new teacher-trammg institu- 
tions which they may decide to establish, either in 
their own territory or jomtly to serve the needs of a 
particular region Accordingly, said Lord Home, we 
would provide m the United Kingdom five hundred 
more places for teacher trainees from those countries 
as from the academic year 1960-61, and £250,000 
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a year for grants to the students occupymg them 
There were already, ın 1958-59, 728 Commonwealth 
students traming as teachers m the United Kingdom 
and if, as Lord Home stated, Canada, Australia, New 
Zealand, India and other countries make considerable 
contributions, the position should be significantly 
improved when the next Conference meets 

The expansion of technical education will take 
time, but here also the Conference has initiated new 
efforts to speed the process The need for tramed 
teachers m technical subjects, the contmumg need 
for industrial tramıng and the great shortage of surt- 
able books and equipment were all emphasized In 
the United Kingdom, i$ ıs planned that durmg the 
next ten years some 4,000 additional places will be 
available to the Commonwealth students ın technical 
colleges The Federation of British Industries and the 
industrial research associations have already ın- 
dicated their intention to continue the facilities now 
offered to overseas students and to expand them in 
certam directions 

These further projects discussed at the Conference 
are estimated to cost at least a further £5 milhon 
during the next five years, of which the United 
Kingdom contribution will be about £3 5 milhon, 
making a contribution of some £6 million out of the 
total of at least £10 milion This, as Lord Home 
observed. ıs a substantial contribution, and it does 
not stand alone Indeed, rb 1s not easy to estimate the 
full financial magnitude of the United Kingdom con- 
tribution to Commonwealth education even at the 
university-level Account has to be taken of what 
is bemg done through the British Council, the 
Nuffield Foundation and lke institutions, and 
through the Commonwealth University Interchange 
scheme 

Even if the financial magnitude of the British 
contribution could be accurately assessed, this 1s 
possibly the least umportant aspect Compared with 
the magnitude of expenditure on education m Britain 
alone—estimated as hkely to exceed £1,000 milhon 
within the next decade—it is relatively trivial, and 
it 1s small also m comparison with expenditure in 
Britam on scientific and industrial research, with 
which ıb 18 so closely connected Essential as it i8 
that adequate financial resources should be available 
for Commonwealth education, man-power 18 the 
decisive factor, and ıt is imperative that financial 
resources should be wisely applied so as to remove so 
far as possible all obstacles to the free mterchange 
of students and teachers The benefits of such move- 
ment are reciprocal, and the Conference should at 
least have emphasized that in such wandering 
scholars the Commonwealth has one of its most 
valuable assets 

On that there are perhaps two points of special 
interest at the present time Prof Kenneth Robmson 
has directed attention to the value of extendmg 
interchange to research and to the need for research 
fellowships and studentships which would enable 
young United Kmgdom graduates to spend a year 
or two 1n one of the other countries of the Common- 
wealth, studying some aspect of the history, culture 
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or contemporary social, polrtical or economic prob- 
lems of that country There are, he claims, many 
urgent and important pieces of research m this field 
which young United Kingdom graduates cannot at 
present be encouraged to undertake because of the 
lack of opportunity to spend the necessary time in 
the Commonwealth country concerned Such work 
1s at present often done by Americans, although the 
Nuffield Foundation has supported some such studies 
and the Commonwealth universities are fully alive 
to the value of such Rhodes scholarships m reverse 
Nevertheless, there 1s an undoubted need for a rapid 
extension and increase of funds and facilities enabling 
Umted Kingdom graduates to spend substantial 
periods on research work overseas, and ıt should not 
be forgotten that a further beneficial result would 
be to build up m Britam a growmg corps of 
graduates who would have first-hand knowledge of 
the problems and culture of other parts of the 
Commonwealth 

The second and even more urgent pomt ıs that of 
the supply of teachers, and especially secondary school 
teachers Prof Arthur Lewis, when economie adviser 
to the Ghana Government, estimated that countries 
emerging from Colonial status are not self-sufficient 
m secondary school teachers until about 4 per cent 
of each generation is entering the secondary schools 
Only ın Western Nigeria is this proportion reached, 
though m Ghana great efforts are being made in the 
current development plan to exceed the present 
2 per cent Many other territories, such as Kenya, 
Nyasaland and Northern Nigeria, are far behmd; and 
although ın some territories the primary school 
numbers are creditable, until comparatively recently 
there has been practically no secondary education 
m many areas. 

What the Commonwealth Education Conference 
has emphasized above all ıs that advance in educa- 
tion depends not only on sufficient financial resources 
but still more on foresight, patience and sacrifice 
Teachers of the calibre demanded for secondary 
schools, especially for work m the sixth forms, are 
20t to be found overnight Their traming calls for 
tors of high calibre, and time to complete that 
»ammg not simply in secondary courses but also 
n teachers’ trammg courses and sometimes to 
rraduate-level m university mstitutions 

This ıs the real—and the key—problem in educa- 
10n for the emergent territories, and ıt 1s only m- 
lirectly and in the long term that the scholarship 
cheme at the university-level will contribute to its 
‘olution Meanwhile, the emergent territories depend 
m the older members of the Commonwealth for the 
ielp essential to build up as rapidly as possible 
ystems of secondary education capable of meeting 
he demands for emergent nationhood Financially, 
his ıs bound to mvolve expenditure far m excess 
f the £10 million immediately contemplated at the 
'ommonwealth Education Conference, includmg 
apital expenditure as well as grants for recurrent 
xpenditure on secondary education, while an even 
treater stram may be put on the human resources 
f the Commonwealth 
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Of this Lord Home was manifestly conscious in 
hus appeal, at the closing of the Conference, so far 
as higher education is concerned » and it 1s no less 
true of secondary education Most of the senior 
members of the Commonwealth are themselves short 
of secondary school teachers——m some the shortage 1s 
& result of the racial policies pursued by them—and 
special measures are already bemg concerted in the 
United Kingdom to meet the situation arising 
as ‘the bulge’ approaches our sixth forms The 
measures promised by Lord Home may help to 
increase the numbers of teachers which we already 
send to Commonwealth countries, though ıt may still 
be necessary to explore other possible emergency 
measures which changes m our economy may offer 
These alone will not suffice, however, without the 
imaginative response and enthusiasm for which Lord 
Home appealed To create the public and professional 
understanding on which such a response can be 
soundly based is an urgent and primary task for 
which the Government has a primary responsibility 
For this reason 16 1s 1mperative to expedite as much 
as possible the publication of the full report of the 
Conference, and ensure that 1t is widely discussed 
both ın Parlament and outside 
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PHILOSOPHER 


My Philosophical Development 
By Bertrand Russell Pp 279 (London 
Allen and Unwn, Ltd , 1959 ) 18s net 


A those whose study of philosophy 1s grounded 
m the empirieal tradition regard Lord Russell 
as the greatest livmg philosopher His philosophizmg 
started m the "nineties when philosophy in Britam, 
m Europe and most of the United States was 
dominated by 1dealisms deriving either from Hegel or 
from Kant After a few years as a “full-fledged 
Hegehan" (p 42), Russell tells us that m 1898 both 
G E Moore and he “rebelled agamst both Kant and 
Hegel" (p 54) From this rebellion sprang the current 
of empiricist or ‘scientific’ or ‘analytic’ philosophy 
which to-day, m one form or another, dominates 
philosophical thmking and teachmg throughout the 
English-speaking world and plays an important part 
in the pattern of our contemporary culture Although 
one should not neglect other nfluences—in particular, 
that of Moore, of Frege, of the Polish philosophers, of 
C S Peirce and the American pragmatists, and of the 
greatest of Russell’s pupils Wittgenstem (about whom 
there 1s a good deal m this book)—there 1s no doubt 
that the maim responsibility for the present state 
of philosophy les squarely on Russell’s shoulders 

Without his work m the first quarter of this century 
1t 18 difficult to see how the logical positivist move- 
ment could have arisen , and, 1f philosophers’ interest 
m the use of language had developed mdependently 
of analytic philosophy, ıt would have taken a much 
less realist form Russell’s mfluence has been largely 
due to his immense fertility of ideas, and to his 
willingness to publish them even though he might 
later have to retract or modify his conclusions 

There are few philosophers ın history who have 
written important philosophical works almost con- 
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tinuously for fifty years Russell has added to the 
immense debt we owe him by now givmg us a full- 
scale account of his philosophical development, 
written with all the clarity, verve and wit we are 
accustomed to expect from anything he writes 

"My philosophical development,” Russell starts 
the book by saymg, "may be divided into various 
stages according to the problems with which I have 
been concerned and the men whose work has influenced 
me There is only one constant preoccupation Ihave 
throughout been anxious to discover how much we 
can. be said to know and with what degree of certainty 
or doubtfulness” (p 11) Considermg rational bases 
for geometry and for mechanics led Russell back to 
arithmetic , and four chapters of this book are devoted 
to general questions involved in his attempt to derive 
mathematies from logie, which culmmated m White- 
head and Russell’s “Principia Mathematica" Russell 
gives a lucid informal account of the logical paradoxes 
which caused him so much trouble, and of the theory 
of types which he invented m 1908 to solve them 
Though systems of mathematical logic have been 
constructed recently which do not explicitly make use 
of distinctions of type m Russell’s manner, they almost 
all presuppose restrictions upon the use of symbols 
which are virtually equivalent to a type theory 
The philosophical msight ın Russell’s theory 1s that 
a sentence may be perfectly well constructed accord- 
ing to grammatical rules and yet lack meanmg there 
are logical restrictions upon the significant combina- 
tion of symbols as well as purely grammatical ones 
The emphasis later laid by logical positrvists upon the 
nonsensicality of many apparently sensible expres- 
sions was foreshadowed m Russell’s theory of types 
(see pp 14, 160) 

After 1910 Russell turned his attention to theory 
of knowledge, and m 1914 put forward his well- 
known programme of substituting, so far as possible, 
logical constructions for mferred entities This pro- 
gramme, and the similar ‘operationalist’ programme 
advanced by P W Bridgman m 1927, has made 
great appeal to philosophers of science, many of whom 
have attempted to apply ıt to the construction of 
various scientific concepts In this book Russell says 
that he ‘‘soon became persuaded that this is an 
impossible programme and that physical objects 
cannot be interpreted as structures composed of 
elements actually experienced" (p 105) I do not 
thmk that Russell ever published his reasons for his 
change of view cogent reasons for the 1mpossibihty 
of the logical construction programme were first 
given by F P Ramsey m 1931 In Russell’s later 
writings, and m this book, similarity of structure 1s 
taken as being the connecting link between the electro- 
magnetic waves used m broadcasting and auditory 
sensations (p 204) Though Russell speaks (not very 
happily, I thmk) of scientific knowledge usmg 
“artificially manufactured entities", "real or supposed 
entities", “scientific abstractions” (pp 205-6), “‘con- 
structions composed of events and taken as units for 
the convenience of the mathematician” (p 27), he 
would not now regard these as having to be given, 
directly or mdirectly, m terms of experience “I 
cannot see that there 1s any ground whatever for this 
opmion [that there can be nothmg which is not 
experienced or experience], nor even for the view 
that we cannot know that there are thmgs we do not 
know" (p 144) 

Other problems with which Russell has been con- 
cerned and which he treats m this book are those of 
consciousness and perception, of non-demonstrative 
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inference, of truth, of names and of language m 
general With regard to language, Russell recount: 
how he moved from regarding 1t as “transparent” tc 
realizing its philosophical importance Nevertheles: 
"the essential thing about language is that ıt ha: 
meaning—ie, that it ıs related to something othe 
than itself, which 1s, 1n general, non-Imguistic” (p 14) 
“In regard to truth and falsehood, a sentence 1s only 
important as a vehicle of belief” (p 154) Russel 
wholly rejects the view that the study of language 1 
an end in itself for a philosopher Nor does he accep 
any hard and fast separation of philosophy fron 
science “Philosophy cannot be fruitful if divorce 
from empirical science” (p 254) Of the outcome o 
his recent work on inference he says that ‘‘the reason 
for accepting ib are the ordinary reasons applied n 
scientific work, not remote reasons derived from som 
metaphysical theory There 1s no claim to cer 
tamty” (p 207) In this book Russell does not (ash 
did m 1914) speak of “‘scientrfie method im philo 
sophy", & phrase which may mean anythmg o 
nothing But if by the scientific spirit 1s meant th 
persistent and single-minded attempt to **understan: 
the world” (p 230) by envisaging bold but tentativ 
hypotheses without ever losing sight of the facts whic: 
these hypotheses are tended to explam, Russell’ 
work exemplifies this spirit better than does that c 
any other contemporary philosopher 
R B BRAITHWAITE 


CATALYSIS 


Catalysıs 

Edited by Paul H Emmett Vol.5 Hydrogenatior 
Oxo-Synthesis, Hydrocrackmg, Hydrodesulphuriza 
tion, Hydrogen Isotope Exchange and Relate 
Catalytic Reactions Pp vit542 (New York 
Remhold Pubhshimg Corporation, London Char 
man and Hall, Ltd , 1957) 120s 


Advances in Catalysis and Related Subjects 
Edited by Adalbert Farkas Vol 9. Pp xviu- 84" 
(New York Academic Press Inc , London Aca 
demic Books, Ltd , 1957 ) 16 dollars 


OLUME 5 of “Catalysis” continues the deseri 

tion of various hydrogenation processes whic. 
has already extended through the previous tw 
volumes, and the allotment of so much space, eve 
m a major treatise on catalysis, ıs in itself a sig 
of the importance which this type of reaction ha 
attained m modern academic and industrial chemistry 
Following an introductory section on the gener: 
reactivity of carbon monoxide, I Wender, H W 
Sternberg and M Orchm contribute a well-writte 
chapter on the high-pressure hydrogenation of mıx 
tures of carbon monoxide and olefines to long-char 
ketones by the oxo reaction. In this, considerabl 
interest 1s attached to the use of soluble catalyst 
derived from cobalt or nickel carbonyls since, in. th) 
way, homogeneous hquid hydrogenation systems ca: 
be obtained A good survey is also given of th 
general theory of the reaction mechanism involved an: 
of the part played by carbonium ions in this Th 
next chapter, by G Natta, U Colombo and I Pas 
quon, deals with the use of promoted mixed-oxid 
catalysts for the hydrogenation of carbon monoxid 
to higher aliphatic alcohols and supplements a sectio: 
in an earlier volume on the synthesis of methyl alooho 
There 1s, 1n this field, abundant scope for the furthe 
study of the basic mechanism of promoter action 
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about which relatively little is known m spite of the 
very large amount of work which has been done on 
the subject 

The long monograph on the hydrogenation of 
aromatic compounds by H A Smith, who has himself 
contributed considerably to our knowledge of this 
subject, stands out as a comprehensive survey and 
reviews systematically a very large number of papers 
covermg the catalytic reduction of carbocyclic and 
heterocyclic substances This detailed treatment also 
occurs m the chapter by T I Taylor on the use of 
hydrogen isotopes for the detection of subsidiary 
processes involving hydrogen exchange, bond mugra- 
tion or other reactions which are superimposed on the 
aydrogenation itself and, m many cases, cannot 
»asily be recognized m other ways In addition, the 
method throws considerable hght on the internal 
:omplexity of hydrogenation generally Finally, the 
article by J B McKmley on the hydrodesulphurization 
of liquid petroleum fractions gives an authoritative 
survey of a type of process which has done much to 
mprove the general quality of commercial motor 
puit and which has only become practicable econo- 
nically by the recent availabihty of very large 
quantities of by-product hydrogen derived from 
rydroforming reactions 

In a major work of this type, pubhshed with 
'ather long intervals of tame between the issue of 
ihe individual volumes, ıb 1s difficult to avoid some 
ack of logical sequence for example, the wide 
eparation of the article on the synthesis of higher 
deohols m the present volume from that of methyl 
cohol m Volume 3, and the chapter on the hydro- 
'enation of aromatic compounds from those on the 
eduction of olefines and acetylenic derivatives This, 
lowever, 15 a minor criticism, and the work as a 
vhole 1s to be recommended as an up-to-date treatise 
n catalysis, which should be of great value to the 
aany chemists who are interested m this subject 

The publication, as a volume of "Advances in 
'atalysis", of the 84 papers which were read at the 
iternational congress on catalysis held in Phila- 
elphia m 1956 constitutes an alternative policy to 
he spreading of these contributions m a single and 
apidly growing field of knowledge among a relatively 
wge number of mdividual Journals, some of which 
ay be accessible only with difficulty to chemists 
‘orking m smaller mstitutions In addition, it 
xms one way of reheving the mereasing pressure 
Tuch 1s bemg felt by some of the various publishmg 
yeieties ın providmg adequate space for the accom- 
i0dation of all the otherwise suitable papers now sent 
1 to them 

Followmg mtroductory addresses by Sır Hugh 
aylor and by Sir Eric Rideal on general aspects of 
italysis and on the course of its development from a 
istorical pomt of view, the large mass of new material 
as been arranged in four main groups covermg 
‘spectively the chemistry and physics of solid 
talysts, homogeneous catalysis, surface chemistry 
merally, and miscellaneous catalytic reactions, 
any of these groups bemg subdivided into sub- 
‘ctions While it is difficult in a short review to 
lect mdividual papers for special comment, con- 
derable interest is attached in the first of these 
‘oups to the contribution by R E Cunningham and 

T Gwathmey on the relative rates of hydrogena- 
on of ethylene on the various crystal planes which 
'e exposed as outcrops on the surface of a spherical 
ngle nickel crystal The relative rates observed 
wuld not be explained ın terms of the ease of geo- 
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metrical accommodation, without undue strain, of 
the ethylene molecule, and ıt 1s probable that bulk 
dislocations, which begm withm the catalyst, lead 
to unusual interatomie distances in the surface 
lattice Prof J H de Boer amplifies this pomt by 
discussing the part played by pore structure mn pro- 
viding sites for reaction within the gross external 
surface of supported and other catalysts 

In a further mtroductory address, Prof W E. 
Garner gives a good account of the present state of 
work on reactions mvolving electron transfer on and 
in mixed-oxide catalysts, cluding semiconductors " 
and this ıs supplemented by a number of further 
papers m this field, moludmg one by Prof G M. 
Schwab m which the effect of :1lummation on electron- 
transfer processes between the surface of semi- 
conductors and catalysable substrates 1s discussed. 
Reaction paths and energy barriers m homogeneous. 
catalytic systems have been dealt with by Prof D D. 
Eley, who also moeludes processes catalysed by en- 
zymes Later sub-sections contam a large number 
of papers on the relation of surface chemistry to 
catalysis, the catalytic reactions of hydrocarbons 
(which is intioduced by Dr E J Houdry), tracer 
techniques, with an introduction by Prof P H. 
Emmett, and miscellaneous catalytic reactions The 
subsequent discussions to all the papers are printed, 
m full E B MaxcED 


INTRODUCTORY ELECTRONICS 


Principles of Electronics 

By Prof M R Gavm and Dr J E Houldin (Phya- 
cal Science Texts) Pp xn+348 (London English 
Universities Press, Ltd , 1959 ) 30s net 


"qs trouble with this book is that 1t 1s not really 
clear for whom 1t 18 written The general editor’s 
foreword states that each volume m the series ‘ss 
designed to give the reader an integrated account of 
@ subject up to the level of an Honours Degree of 
any British or Commonwealth University”? But the 
authors claim that 1t 1s only a general mtroduction to 
the subject of electronics or, as shown on the dust 
cover, "an mtroductory course for a first degree or 
diploma m physies or electrical engmeermg" , then 
they go on to clam that, for most of the book, the 
standard of mathematics required 1s no more than 
that of the Advanced Level of the General Certificate 
of Education Whatever the mtentions, there 1s little 
doubt that the book 1s very suitable for the early years 
of an electrical engmeering course but will scarcely 
cover the requirements of the final stages of an 
honours course m electrical engmeermg 

Within the restrictions mentioned above, the book 
is a good one Its descriptions are extraordmarily 
lucid and straightforward—almost anyone could 
understand them, and the book might be useful 
even to technicians It 1s a book one can enjoy read- 
mg, the subject-matter 1s well selected and strikes 
a pleasant balance between thermionic valves on 
one hand and transistors on the other, between 
physics on one hand and circuits on the other. 
The coverage of the subject-matter 1s wide, mcluding 
the basic electron physics (nearly 100 pages), amph- 
fiers (about 90 pages), oscillators (sinusoidal and 
relaxation), very-high-frequency valves, rectification, 
modulation and detection, wave-shapmg, and noise 
It 1s not surprismg that the authors do not find room 
for communication and control systems or for any 
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study of passive circuits The book 1s not at any 
stage abstruse, and unimportant and irrelevant matter 
seems absent A very valuable feature 1s the inclusion 
of about 250 exammation-type problems The pro- 
duction 1s very attractive and the price 1s reasonable 

Not only can the book be recommended as an 
introductory text for electrical engmeermg students, 
but 15 may also prove useful to many fully fledged 
engmeers and physicists who wish to get up to date 
on the proper relationship of thermionic and tran- 
sistor circuits It compares favourably with other 
recent books on this subject 

One or two faults m the book should be mentioned 
The reviewer did not take kindly to the spht infinitives 
on p 28—‘‘to just 10nise" and “to just excite”—nor 
+o the spelling “almement” on p 37 There 1s an 
error m the analysis of a circuit on p 242 (and 
another similar one on pp 251-2) where the authors 
neglect the existence of the voltage across the load 
of a diode D G TUCKER 


HISTOLOGY 


Textbook of Comparative Histology 
By Dr Warren Andrew Pp xix+652 (London and 
New York Oxford University Press, 1959 ) 120s net 


Histochemical Technique 
By Dr W G Bruce Casselman (Methuen's Mono- 
graphs on Biological Subjects) Pp 205 (London 
Methuen and Co, Ltd , New York John Wiley 
and Sons, Inc , 1959) 18s net 

SURVEY of the histology of both mvertebrates 

and vertebrates im a single volume is indeed 
a formidable task, and even partial success must 
rank as a considerable achievement Certamly a 
cursory examination of Andrew’s book does throw 
its deficiencies mto some relief, and more continuous 
readmg 1s required to reveal its virtues The tempta- 
tion of saying too little about too much 1s not entirely 
avoided and rather many topics are treated too briefly 
to be easily imtelhgible, nor is the difficulty over- 
come of bemg reasonably up to date, for references 
from the last decade are somewhat infrequent The 
chapter bibliographies are unduly short, for the 
excretory organs of all invertebrates there are thirteen 
titles ending at 1940, and in general they refer mainly 
to American and older German work, there 1s little 
attempt erther to include all the great classical papers 
or to present a scheme for further reading The cover- 
age of the subject 1s often correspondmgly restricted 
and there are some disappointing omissions Never- 
theless the advanced undergraduate audience for 
whom the book ıs primarily intended will find im 16 
much pleasant ancillary readmg, arranged m a 
manner which should stimulate their further mterest 
The broad comparative and essentially functional 
approach emphasizes the general similarities of the 
problems facing all animals, and brings out under- 
lymg analogies m their solutions The illustrations 
are numerous and well chosen and the writer’s 
style agreeable, so that such a volume might well lead 
a student towards one of the most attractive entries 
into the practice of zoology 

The scope and precision of classical histology have 

been rapidly extended in recent years by the increas- 
ing use of physical and chemical methods, and any 
further assistance m their technical application 1s 
welcome Casselman opens with some interesting 
chapters on the general methods, potentiahties and 
hmitairons of microscopical histochemustry, followed 
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by sucemoet accounts of the main groups of substance 
studied by these techniques The chapter on hpid 
and their separation, at least to the degree of separa 
tion so far feasible, 1s particularly helpful, but tha 
on protems does seem to under-estimate some of th 
technical difficulties mvolved The pomt of viev 
throughout 1s chemical and the book can be recom 
mended to biologists primarily as a very useful addi 
tion to the other texts now available T KERR 


GENETIC ANALYSIS 


Trends in Genetic Analysis 
By Prof G  Pontecorvo 
Series, No 18) Pp x4 145 
University Press, London 
Press, 1959) 25s net 
HE past fifteen years have seen a revolution 1 
genetics comparable to the introduetion int 

physics of quantum theory Several lines of researc 
have contributed to this revolution The study c 
biochemical genetics established the concept of ‘on 
gene, one enzyme’ The analysis of transformatio 
and transduction m bacteria showed that hereditar 
information 1s carried by nucleic acid These tw 
conclusions made clear the need to analyse the struc 
ture of nucleic acids, to relate this structure to th 
processes of replication and of protem synthesis, an 
to seek for the kinds of changes in protems whic 
result from genetic mutation But most important c 
all has been the increase in what Prof Pontecorv 
has called the “resolvmg power" of genetic analys: 
This has caused the abandonment of the old pictur 
of chromosomes consisting of a series of hereditar 
units or genes connected by regions at which, an 
only at which, recombination can take place, and th 
recognition that genes themselves have a Imear struc 
ture resolvable by crossing over 

Prof Pontecorvo’s book is mainly concerned wit 
this last field of research, although conclusions fror 
other fields are mentioned where they are relevan: 
The six chapters deal with genetic analysis and ii 
resolving power, allelism, the structure and functio 
of the genetic material, recombination, mappm 
chromosomes via mitotic recombination and nov 
genetic systems 

This 1s an exciting book, partly for the logic an 
clarity with which new ideas are presented, and part] 
because the problems which it raises are as fascina 
mg as the ones which ıt answers Prof Pontecorv 
has himself made a decisive contribution to the stud 
of the fine structure of genes by his recognition an 
subsequent demonstration that the phenomenon « 
“position pseudo-allelism” described by E B Lew 
18 not a genetic anomaly, comparable, for exampl 
to the Notch deficiency m Drosophila, but 1s a typic: 
effect, to be expected if the genetic material 1s hne: 
in its fine structure as well as in its gross morpholog, 
and 1f 1ts proper functioning depends on the integrit 
of functional units, which Benzer has since pe 
suaded us to call cistrons For the general biologi 
who wants to know how this idea, has been develope: 
and how it has been combmed with discoveries : 
other fields to give a coherent picture of what gen: 
are and what they do, this book is an admurab 
although sometimes a difficult guide 

But the book 1s mainly intended for geneticist 
and 1t seems unlikely that many will be so unwise : 
to leave ıt unread For them, Prof Pontecorvo 
greatest virtue 1s his gift for throwing into relief whi 
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ve do not know The search ıs already on for the 
‘eneticist’s Rosetta Stone, that is, for a protem 
rhich can be analysed ın the same detail as hamo- 
lobm, determined by a gene the fine structure of 
rhich can be resolved m the same detail as Benzer has 
esolved the "II locus im phage T4 But there are 
ther problems to which no answer is at present m 
ight One is the relationship between the structure 
f deoxyribonucleic acid, and the processes of 
hromosome replication and recombmation, ıb 18 
ot clear at present whether replication and recom- 
imation are separate processes or different aspects of 
he same event A still more fundamental difficulty 
; the relationship between gene action and morpho- 
enesis If the revolution m genetics achieves its 
resent objectives, we shall know how a fertilized 
gg receives the instructions which tell ıt how to 
aake a large number of specific protems , but there 
; a big difference between a bag of proteins and an 
mmal or plant J MAYNARD SMITH 
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4 NEW APPROACH TO IMMUNITY 


he Clonal Selection Theory of Acquired Immunity 
jy Sir Macfarlane Burnet (The Abraham Flexner 
zectures of Vanderbilt University, 1958) Pp 
«+209 (Cambridge At the University Press, 
Vashville, Tennessee Vanderbilt University Press, 
959 ) 22s 6d net 

HE basic problem of 1mmunology 1s to understand 

how the body responds by makmg antibodies 
gainst foreign macromolecules, while reframing from 
aaking antibodies against the great variety of macro- 
nolecules which are present m its own tissues No 
atisfactory instructive theory has been yet put 
orward to explam how the presence of the antigen 
auses cells to synthesize antibody molecules with a 
omplementary surface structure In the Abraham 
‘lexner Lectures given at Vanderbilt University for 
958, and published ın this book, Sir Macfarlane 
surnet has approached the problem at quite a 
ifferent angle He postulates that mdividual 
iesenchymal cells are genetically endowed with the 
otentialiby for making globulin capable of combming 
nth a particular antigenic configuration In the 
dult organism, contact of the mesenchymal cell with 
1e right antigen causes that cell to proliferate and 
> differentiate, so as to produce a clone of cells 
1aking, or capable of making, antibody which 
»xmbines with the antigen The mesenchymal cells 
re regarded as being subject to a high rate of somatic 
iutation, so that, when a clone proliferates, some 
1embers will produce globulin better adapted to the 
ntigen, and these cells m turn will be stimulated 
»leetively to proliferate, and so on In this way, 
iore and more cells will produce antibody capable 
f combinmg with more of, or more firmly with, the 
ntigen surface The problem of antibody production 
1 response to an antigenic stimulus becomes there- 
ore a problem in cell population dynamics, and the 
ften amazing specificity of antibody for the antigen 
: achieved by a selective, rather than by an mstruc- 
ve, process To account for the phenomenon of 
nmunological tolerance, and the failure of antibodies 
> be formed against molecules present in the organ- 
im at birth, Burnet suggests that, during the stage 
f immunological immaturity, contact of antigen 
nth cells potentially capable of making antibody 
gainst ıt results not in strmulation but in deletion 
f those clones Hence the adult animal possesses cells 
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capable only of bemg stimulated by molecules with 
surface configurations not shared by its own com- 
ponents All other clones become forbidden 

If this ingemous theory 1s correct—in essence, even 
if not m detail—a fairly ready explanation 1s available 
not only for many of the cardinal features of immune 
responses, such as the difference between primary 
and secondary, or wmmunological memory and 
anamnestic reactions, but also for the development 
of auto-antibodies According to the clonal solution 
hypothesis auto-antibodies could be evoked by body 
constituents which were screened from mesenchymal 
cells during the stage of immunological immaturity 
(for example, lens protem, or thyroglobulin), or which 
only developed later (for example, spermatozoa) They 
might also arise by somatic mutation m adult life of 
clones of cells capable of responding to forbidden 
patterns, such as to nucleic acid Burnet makes the 
good point that antibodies are normally never formed 
against even heterologous deoxyribonucleic acid, but 
that when for some unknown reason they do appear, 
imn persons with dissemmated lupus erythematosus, 
they react with deoxyribonucleic acid from all sources 
including the nuclei of the sufferer’s own cells On the 
basis of his theory clones capable of making antibody 
against any deoxyribonucleic acid are forbidden, and 
eliminated, for the very reason that when antibody 
$$ formed, as a rare result of a somatic mutation, it 
will be an auto-antibody 

This example illustrates the self-consistency and 
the attractiveness of the theory It 1s important to 
remember, however, that there 1s very little direct 
evidence to support ıts main assumption that clones 
of mesenchymal cells have a built-in response to a 
particular antigenic pattern, or to explain their 
deletion durmg embryonic life and stimulation later 
The subsidiary hypothesis that lymphocytes, macro- 
phages, plasma cells and primitive reticulum cells are 
all mterconvertible 1s one the truth of which 1s con- 
venient rather than proved, and so 1s the assumption 
that mesenchymal cells are hypermutable as regards 
somatic mutations Biochemically minded readers 
may be disappomted by the frank rejection of a 
biochemical approach, and by the relegation to chance 
variations 1n. a basic globulin structure of the problem 
of how antibody 1s synthesized with a pattern com- 
plementary to the antigen Some may even be 
stimulated to try to show that a single cell can 
produce two or more unrelated antibodies at the same 
time—a finding which would be difficult to accom- 
modate into the theory, and on which the evidence 
18 at present conflicting 

The later chapters set ouv to show how the theory 
would apply to & wide range of phenomena from 
collagen disease to cancer, and to some of the latest 
experunental findings m immunology Burnet 
manages with elegance in some cases, ingenuity ın 
others, and occasionally a good deal of stretching to 
accommodate them all—including at least two experi- 
mental findmgs which have since become highly 
suspect or been withdrawn This last 1s mentioned 
no more than as a warning that Sir Macfarlane has 
such enthusiasm and confidence in his latest ideas, 
that he can sweep up everything, cluding the readers, 
m his path The ideas aie, in any event, original and 
stimulating and have been carried further than any- 
one has tried to carry any of the alternative hypo- 
theses It 1s likely that a good deal of future work will 
be influenced by them, for their author has a reputation 
of having hit the right nail on the head on notable 
occasions 1n the past J H HUMPHREY 
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Statistics of Extremes 
By Prof E J Gumbel 
Columbia University Press, 

University Press, 1958 ) 120s net 


HE theory of extreme values 1s concerned with 

the probability distribution of the largest values 
encountered ın samples of finite size ıt has many 
applications meludimg the occurrence of floods and 
droughts and the breakdown of materials, such as 
aircraft components, subject to varymg stresses and 
strains 

Prof Gumbel has for many years been a lead- 
ing authority on the subject and his book 1s 
hkely to become a standard work Although the 
book appears to contain httle essentially new theory, 
it collects and elaborates previous work hitherto 
widely scattered in the statistical literature and con- 
tains many tables and graphs of functions occurrmg 
in the theory There is an excellent bibliography 
containing references to both theoretical and applied 
work The text includes numerous exercises for the 
reader The eight chapter headings are 'Amns and 
Tools”, “Order Statistics and Ther Exceedances", 
“Exact Distribution of Extremes’, ‘Analytical 
Study of Extremes”, “The First Asymptotic Distribu- 
tion", “Uses of the First Asymptote”, “The Second 
and Third Asymptotes" and *"The Range” 

Although several examples of applications are 
discussed, this book 1s not a ‘cook-book’ of practical 
methods, but ıt should prove extremely useful to the 
statistician required to analyse extreme-value data 
The scientist mterested m practical applications will 
need considerable mathematical and statistical 
experience to follow the rather concentrated and 
sophisticated mathematics In particular he may 
find difficulty m assessmg the practical importance 
of some of the concepts defined and some of the 
results derived 

The high cost probably makes this book one for the 
library rather than for the individual and ıs presum- 
ably due to the large number of graphs 1t contams 

R N Curnow 


Pp xx+375 
London 
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Oxford 


The Chemistry of Natural Products 

Vol 1 The Alkaloids By K W Bentley Pp vn+ 
237 4 dollars Vol. 2 Mono- and Sesquiterpenoids 
By P de Mayo Pp vu+320 52s Vol 3 The 
Higher Terpenoids By P de Mayo Pp vwn+239 
42s (New York Interscience Pubhshers, Inc , 
London Interscience Publishers, Ltd , 1959 ) 


Bess on natural products have m the past 
usually suffered from several disadvantages 

they have tended to consist of catalogues, and quite 
frequently have been written by specialists who had 
rather lost contact with the general body of advanemg 
science and did not emphasize relations to chemustry 
m general A very welcome tendency 1s for young and 
enthusiastic men, themselves deeply mvolved m the 
subject from the research side, to summarize fields of 
research in what might be described as super Ph D 
theses The advantage of ther approach is that ıt 
is fresh, but nevertheless authoritative, and that their 
acquaintance with modern theories of reaction 
mechanisms and biosynthetic theories enables them 
to produce monographs which are of general mterest 
and general importance The three books in the title 
are in this class They should interest and mform 
advanced undergraduates, research students and 
university or college teachers who have not had the 
time to keep up with the literature They are not 
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perhaps exhaustive enough for research specialist 
but should provide useful starting-poits for research 
The general resemblance to theses, particularly ix 
the formulae, will not please lovers of beautifu 
books, but presumably they would otherwise hav: 
been more expensive They can be heartily recom 
mended to all who are interested ın rapidly advancin 
fields whether as teachers, students or researcl 
workers A J BROH 


The Psychology of Social Class 
By Maurice Halbwachs Translated by Claire De 
lavenay | (Hememann Books on Sociology) Pp 
xvn--142 (London William Hememann, Ltd 
1958) 16s net 
AURICE HALBWACHS was a French socio 
logist who learnt ın his early manhood to shar 
the liberalism and democratic principles whicl 
deeply mfluenced the generation destroyed by thi 
Furst World War It was his mheritance of thes 
principles which led to his own death ın Buchenwak 
in 1945, and ıt ıs for this that he must be rememberec 
and honoured His work as a sociologist is typical o 
a transitional age, and his writings on the sociolog 
of class distinctions and behaviour are of mterest n 
so far as they illustrate the swmg-over from the over 
systematic thmking of the sociologists of the mme 
teenth century to the empiricism which appears t 
be gaming ground ın the second half of the twentieth 
It is evident, however, that Halbwachs had no 
shaken off his attachment to abstract theories evel 
as late as 1938, when he wrote this book ; moreover 
it 18 also evident that he had not mastered the diffi 
culties of basmg generalizations on evidence m suc] 
a way that a framework of truly scientific theor 
might be constructed On one hand, Halbwach 
was unable to resist the temptation to quote from th 
works of the great classical philosophers, as well a 
the theorists of his own age, such as Durkheim an 
Weber On the other, he was only too ready to pre 
sent a mass of often undigested mformation derive 
from such sources as the German Government’ 
survey of workmg-elass budgets, carried out u 
1927-28 What was lacking m his work was a seriou 
attempt to relate the evidence to the generalization 
founded on 16 T S SrwEY 


Toward a Systematic Pragmatics 
By R M Martm (Studies ın Logic and the Founda 
tions of Mathematics) Pp xv+107 (Amsterdam 
North-Holland Publhshmg Company, 1959) 24s 

HIS recent addition to “Studies and founda 

tions" is a valuable monograph m a bighi 
specialist field, and adds lustre to that distmguishe: 
series The main discussion concerns type-theoretica 
systems, pragmatical meta-language, analytic trutl 
and absolute intensions These subjects are intro 
duced by a prelimmmary chapter on the nature o 
pragmatics In brief, language-systems can be erthe 
syntactical, semantical or pragmatical, and this cor 
responds to the order of abstraction 

Thus, in syntax, ıt 1s only the signs or expression 
(and their inter-relations) which are mterestmg hi 
semantics, the objects which the signs denote com 
into the picture Finally, m pragmatics, the speaker 
or users of the language are involved The author’ 
pomt of view ıs wholly extensional, whereas that o 
Carnap is mtensional The power of extensiona 
meta-languages to cover a large part of mathematics 
physics, and even biology, ıs clearly advantageous 
F I G RAWLINS 
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By Da F J BRYANT 


Atomic Energy Research Establishment, Harwell 


AND 


L. J. DWYER, Da J H MARTIN and Pror E W TITTERTON, CMG 


Australian Atomic Weapons Tests Safety Committee 


Introduction 


URING the past four or five years a considerable 
effort has been made, notably in the United 
States and the United Kingdom, to gain precise 
information on the world-wide distribution of radio- 
active fallout from nuclear weapon tests Results 
of such measurements to about muid-1957 were 
mecluded ın the extensive review of the subject 
prepared by the U N Scientific Committee ın August 
1958! Further results for 1957 and also for 1958 
for the United States, the United Kingdom and other 
areas have smce been published, notably by Bryant 
et al *-*, Stewart et al and the US Atomic Energy 
Commission Health and Safety Laboratory*-? 

In April 1957 the programme of fallout measure- 
ments, initiated by the Australian Atomic Weapons 
Tests Safety Commuttee!*-!5 to cover local weapon 
tests and to monitor global fallout, was extended to 
include the determination of strontrum-00 in repre- 
sentative Austrahan materials Arrangements were 
made for the samphnng of sod, powdered milk, 
cabbages and human and sheep bone tissue All 
samples were sent to the United Kingdom for radio- 
chemical analysis by the Atomic Energy Research 
Establishment Group at Woolwich Arsenal, under 
the direction of one of the authors (F J B) In this 
report results are presented for the early part of the 
piogramme extending from May 1957 to September 
1958, durmg which period 243 samples were processed 
In order to minimize the radiochemical effort, a 
number of the bone samples were bulked and the 
actual chemical analyses were reduced in this way to 
148 


Sampling Programme 


It ıs well known that strontium-90 1n global fallout 
enters the human body mainly as a contaminant of 
dietary materials, the uptake through inhalation is 
very small by comparison!® Therefore, the sampling 
programme was designed to monitor levels of stron- 
tium-90 in materials which are representative of the 
phases between deposition of strontrum-90 on the 
ground and its absorption mto human bone The 
primary material of the programme was human bone 
tissue Because milk products, generally, are a major 
contributor of calerum and strontium-90 to the 
Australian diet, milk was chosen as the important 
representative dietary material and, foi convenience, 
samples of powdered milk were taken for analysis , 
however, cabbages were included to monitor the 
contribution to the diet made by leaf crops Son 
and yearlmg sheep bone tissue were assayed to 
provide information on the accumulation and rate of 


deposition of strontium-90 at ground-level, measuie- 
ments were also made on total precipitation collected 
in stemless steel pots during the latter half of 1958 

The materials selected, and the sampling procedures 
adopted, were not expected to allow a complete 
examination of the uptake processes This can most 
satisfactorily be done by controlled expermentation 
within a laboratory, of the type carried out by 
Russell and his Agricultural Research Council 
group?7-19 

Samples of human bone tissue, powdered mulk, 
eabbages and soil were taken from the Perth, 
Adelaide, Melbourne, Sydney and Brisbane areas 
durmg 1957 and 1958, while sheep bones were 












































Table la STRONTIUM-90 IN AUSTRALIAN HUMAN BONE SAMPLES* 
DECEMBER 1957-SEPTEXBER 1958 
UNDER 5 YEARS 
Stiontium-90 (uue [gm 
calcium) 
Locality Bone Age* 
Analytical 
result Mean 
Perth Femora Stillborn 03 0 57 
73 » and3m 03 
Femur 4m 03 
$5 9m 10 
Be 16m 13 
Vertebræ Bly 05 
Adelaide Femur ld 05 0 53 
Femora ld and3d 02 
m 19d and24d 04 
i lm and3 m 03 
Femur 3m 0 35 
33 4m »nd6m 07 
nA 7m 15 
ne 7m 06 
n 13m 07 
Melbourne | Vertebre | 2d ,7d ,21d 
and2m 0 35 0 50 
Lm 6m andi0m 05 
Crania 23 m and 
24m 0 85 
1 30m 14 
” 3i y 04 
Sydney Femora 9d and 16d 03 0 64 
Femur 3m 05 
Femora 6m,6m,7 
m and7m 0 75 
Femur lim 05 
Temora 22 m, 28 m 
and 24 m 0 65 
Femur 30m 10 
Vertebre | Stillborn and 
lim 07 
Brisbane Vertebre | 1m and7m 10 0 70 
js 18m 0 45 
" 24m and28m 07 
ji 28m 04 
33 3y 0 75 
po»? 5y 06 
Total 52 samples (0 60+0 10) 











* Tae age distribution of the specimens is shown m Fig 1 
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Table 15 STRONTIUM-90 IN AUSTRALIAN HUMAN BONE SAMPLES* DECEMBER 1957-SEPTEMBER 1953 
ALL AGES 
Soe aan = I 
Under 5 years | 5 years-20 years Over 20 years 
^ — Mean Mean Strontium-90 
stron- stron- “uc [gm 
Locality No of | No of | tium-90 No of | No of | trum-90 No of | No of calerum 
Bone samples | analyses| wus /gm Bone samples | analyses} uuc [gm Bone samples |analyses I———— 
cal- cal- | Normal- 
aum cum Mean | izedr 
Perth Vertebræ 1 1 057 Vertebro» 3 1 0 30 Vertebro 11 1 02 011 
Femora 6 5 Femur 1 1 
Adelaide Femora 13 9 0 53 Femur 1 1 03 Femora 16 1 004 0 08 
Melbourne | Vertebræ 6 2 0 59 Vertebræ 2 1 0 36 Vertebræ 12 1 03 017 
Orania 4 3 Crania 8 1 
Sydney Vertebrae 2 1 0 64 Vertebre 1 1 0 33 Vertebrae 18 1 02 011 
Femora 12 6 Femora 6 1 
Brisbane | Vertebro 8 6 0 70 Vertebræ 2 1 0 30 Vertebræ 8 1 0 25 0 14 
Ribs 1 1 
Total 52 33 0 60 25 9 0 33 65 5 0 12 
+0 10 +0 05 +0 02 
* The age distribution of the specimens 1s shown 1n Fig 1 
t Normalization of the analytical results of the adult tissue has been performed using the factors of Schulert et al (ref 22) 
Table le STRONTIUM-90 IN AUSTRALIAN HUMAN BONE SAMPLES* 
DECEMBER 1957-SEPTEUBER 1958 
ALL AGES AND LOCALITIES 
Femora Vertebroe Crania Ribs 
Age group gre [gm Mean Huc igm Mean “uc [gm Mean uue [gm Mean 
calcium age calcium age calcium age calcium age 
Under 24 months 54 6m 0 57 6m 0 85 23 m — — 
(30, 19) f (11, 5)f (2, Dt 
24-59 months 10 30 m 0 61 36m 09 33m - — 
(1, 1) (6, 5) (2, 2) 
5-20 years 03 8y 0 31 12y 0 35 Ty 03 14y 
(8,3) (8, 4) (8,1) (1,04 
Over 20 years 0 04 66 y 0 23 57 y — — m — 
(49, 4) 











* The age distribution of the specimens 1s shown 1n Fig 1 
T Number of samples, number of analyses 


supphed from 23 localities throughout Australia 
during the same period , these materials were taken 
from sites across the continent within a range of 
latitudes of 20°-38° S The analytical methods 
used for the determination of strontrum-00 were 
those described by Bryant ef al 3.319,20 


Sampling Methods and Results 


The results are given in Tables 1-5 and wherever 
possible mean values and the correspondmg errors 
have been derived to facilitate comparisons with the 
results of similar surveys conducted elsewhere 

(a) Human Bone Tissue Between December 
1957 and September 1958 pathologists m the five 
capital crties supphed a total of 142 specimens of 
human bone tissue For each area the specimens were 
divided into three age-groups, namely, under 5 years, 
5-20 years and over 20 years In the latter two 
groups some bulking of material was employed to 
reduce the number of analyses, while the majority 
of the infant specimens were analysed individually 
In all, 47 analyses were performed 

It was impracticable to restrict the survey to a 
single type of bone, and samples of vertebize, femora 
and erani& were accepted, when adult femora were 
supplied only the shafts were analysed, but whole 
bones were included for the younger specimens 
Each specimen comprised at least 20 gm of wet bone 

For each age-group and area the various bone 
types were not mixed in the bulkimg of material 
prior to analysis Information could, therefore, be 
obtained on any variations of strontrum-90 concen- 








tiation among the bone types employed Because 
the proportion of calcrum in bone ash 1s approximately 
constant?! the bulking of specumens was performed 
on the basis of equal masses of ash 

The final stage of the radiochenucal analysis took 
one of two courses depending on the activity of the 
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MELBOURNE . 32 TOTAL 142 
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NUMBER OF SPECIMENS 
» 
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SYDNEY 39 
! CaN YEARS ds 
BRISBANE 19 
o 20 40 p eo 
AGE IN YEARS 


Fig 1 Age distribution of the human bone specimens 


No 4689 September 12, 1959 
extracted strontium isotopes, 20 

strontium-89 and -90 Where 
possible yttrium-90 was sep- 
arated for countmg after 
equilibration with mother 


Sstrontium-90 , on the other d 
hand, for low activities the 
unwanted strontium-89 was 
allowed to decay for about 
two half-hves and the stron- 10 


tium-90 content estimated 
Both methods gave consistent 
results 

Fig 1 shows the age dis- 
tribution of the specimens 
collected, from which ıt will 
be seen that the unequal avanl- 
ability of material, particu- 
larly in the middle years, has 
led to emphasis on very young 
and old tissue The complete 
data are recorded in Tables 
la, b and c and the distribu- 
tion of strontrum-90 concen- 
tration with age 1s exhibited 
m Fig 2 The mean values derived in the tables, and 
also those plotted in Fig 2, are considered to refer to 
strontium-90-levels m human bone at May 1958 

Table le shows that there 1s no evidence for a 
bone variation m age-groups up to 20 years , however, 
for older tissue, vertebre have a considerably higher 
contamination than femora, as reported by the 
Lamont Group?-*, from more extensive measure- 
ments The results for adults, therefore, have been 
normalized to the skeletal mean usmg the factors 
derived by Schulert et al ?? 

No significant variations of strontium-90 m human 
bone were observed between the five capital erties, 
and so the five groups of data were combined to grve 
the mean strontium-90 concentrations in age-groups, 
plotted m Fig 2 The estimated standard deviations 
and the number of specmmens on which the mean 
values were based are also shown A distribution of 
strontium-90 concentration with age, computed by 


Strontium-90 (uuc /gm calcium) 
> 
ec 


Table 2 STRONTIUM-90 IN AUSTRALIAN POWDERED MILK SAMPLES* 
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NORMALIZED TO SKELETAL MEAN 
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Fig 2 Variation with age of strontium-90 concentration ın human bone tissue 
O, Australia, May 1958, ——, No 
——-,0 5 (North America and Europe, January 1958) 


rth America and Europe, January 1958 (ref 23), 


Kulp et al *?, gives a good description of ther North 
American and European bone tissue data of January 
1958 This distribution ıs shown as the full curve 
in Fig 2, while, as the broken curve, it has been 
scaled down by 2 to facilitate comparison with 
Australan data of May 1958 

(b Mak The powdered milk samples were 
taken from factories supplymg the five capital erties 
m August 1957 and March and August 1958 In 
each case the milk was of known age and origin and 
the later samples were taken from cattle grazing m 
the same locality, although not necessarily the same 
pasture All but a few samples were full-cream 
powdered milk 

The analytical results are given m Table 2 and 
show the March 1958 levels to be lower than those 
for August 1957 and 1958, suggestmg a seasonal 
variation of the type noted by other authors, for 
example, Stewart e£ al 5.5 

(c) Cabbages Durmg August 1957 and 1958, two or 
three cabbages grown within the viemity of each of 


























August | March | Ramfan| August | Rainfall the five capital cities were ashed for a without 
1957 | 1958 | August} 1958 | March prior washing or other preparation efore the 
Grazing 1957. 1958- determination of both calcıum and strontium-90 
locality of Stron- | Stron- | March | Stron- | August - 1 d d 
cattle tium-90 |trum-90 | 1958 | trum-90] 1958 contents the ash from each sample was decompose 
puc igm |ue igm) (in) |uuejgm |. (in) with a mixture of HF and HClO, in the presence 
calcium | calcium calcium 
A of strontium and barum carrers The analytical 
Brunswick a results are presented in Table 3 
90 mules south (d) Sheep Bone Tissue This material was 
of Perth 29 18 50 49 | 290 included in the programme because the strontium-90 
Mt ou ass th perge. T the Fen "i ou es can be 
30 miles sou used as & monitor of fallout deposition oreover, 
ofadeimds 83 SEI 8st V 28st through ther habit of grazing extensively, sheep 
Maffi 
110 mules cast of Table 8 STRONTIUM-90 IN AUSTRALIAN CABBAGES 
Melbourne 40 27 151 44 79 i 
Lower Hunter August 1957 es August 1958 
iver Valley F - 
90 milesnorth of i i Locahty NE Strontium Ern Strontium 
Sydney ae ? Es E (per cent) puc igm (per cent) pue igm 
Mary Raver Valley calerum lhe calcium 
100 miles nor 
of Brisbane 53 22 | 237 61 | 242 Addo $9 $5 na ni 
60 94 
Mean 38 (24 (50 Melbourne 77 21 
Sydne: 79 21 13 0 41 
ELO | eet) BO Brisbane 68 26 118 77 
* Each sample was at least 15 kgm t Tn in January 1958 Mean (2 640 7) (5 04:1 8) 


1 Rainfall periods taken to and from January 195 
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tend to integrate out local variations m fallout 
deposition, and sheep bone tissue is available m 
areas of Australia where other representative samples 
are difficult to obtam 

Tho first collection of sheep bones was made from 
13 widely separated areas during May-June 1957, 
and further collections were made from 16 areas m 
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August 1957 and 1958 The grazing localities are 
shown ın Fig 3 In each case representative long 
bones were selected from the legs of up to three sheep 
each of which had grazed over natural grasses 
throughout most of rts hfe 

In all, 59 analyses were performed on maternal 
collected from 89 sheep durmg the three surveys and 
















































































Table 4 STRONTIUM-90 IN AUSTRALIAN SHEEP BONE SAMPLES 
May-June 1957 August -September 1957 August 1958 
Approx- Stron- Approx- Stron- Approx- Stron- 
Locahty No of imate t1um-90 No of imate tium-90 No of imate tium-90 
sheep age Buc [gm sheep age uuc [gm sheep age uue [gm 
(months) | calerum (months) | calcium (months) | calcium 
Beverley 70 miles E. Perth 3 8 53 1 12 70 3 13 64 
Salisbury 
20 miles N Adelaide 2 8 21* 1 15 75 3 14 88 
1 15 91 
1 15 95 
uorn 
180 milesN Adelaide 1 15 10 2 3 15 16 
1 15 76 
13 1i 
Marree 
360 miles N Adelaide 1 8 30 1 14 21 1 12 37 
1 14 19 
Ingomar 
430 miles N N W Adelaide 3 12 57 
— 12 54 
Coober Pedy 
470 miles N N W Adelaide 15 55 3 15 47 
1 15 77 
1 15 80 
Mabel Creek 
480 miles N N W Adelaide 2 12 65 
— 12 78 
Evelyn Downs 
530 miles N N W Adelaide 1 14 70 38 
i 14 63 
Mt Willoughby 
550 miles N N W Adelaide 2 10 10 
— 12 11 
Vietory Downs 
700 miles NN W Adelaide 2 16 46 3 12 42 
Yarra Valley 
30 miles E. Melbourne 2 8 13 
1 8 14 
Yarrawonga 
140 mles NNE Melbourne 1 13 12 8 18 79 
Sydney 1 9 12 1 13 8 2 2 11 69 
Canberra T. S 73 
Dubho 
180 miles N W Sydney 1 11 46 2 13 38 
Bourke 
400 miles N W Sydney 1 9 38 
1 8 27 
Lismore 
870 miles N N E Sydney 1 8 58 
Brisbane 3 8 15 1 12 16 1 14 12 
Southport 
50 miles S S E. Brisbane 1 1l 81 2 12 63 
1 11 92 
Rockhampton 
320 miles N N W Brisbane 1 11 53 1 18 46 
Charleville 
430 miles W Brisbane 1 9 80 1 12 79 2 12 53 
Townsville 
680 miles N W Brisbane 1 11 61 2 12 39 
Cloncurry 
900 miles W N W Brisbane 1 12 10 3 16 15 
Mean 7 9422 
Total 95 (7 942 2) i (6 641 5) (6 31 5) 
No ofanalyses 18 25 16 
I 

















* The sheep from which this bone tissue was taken grazed in the Mt Compass area 



































No 4609 September 12, 1959 NATURE 759 
Table 5 STRONTIUM-00 IN AUSTRALIAN SOIS SAMPLES* 
August 1957 August 1958 Rainfall 
August 
Locahty Sample Caleium Soil surface | Strontium- Sample Calcium Soilsurface |Strontium- 1957- 
area gm /kgm density 0 area gm /kgm density August 1958 
(m ?) kgm /m ? me /km ? (m *) kgm /m * me /km ? (in ) 
Perth 0 041 06 184 27 0 041 08 90 35 30 
Adelaide 0 041 30 29 16 0 041 18 61 20 17 
Melbourne 0 041 27 105 84 0 039 16 76 22 24 
Sydney 0 039 28 80 25 0 049 23 88 87 54 
Brisbane c 004 10 96 2 0 041 06 41 10 35 
| Mean (2 40 4) (2 52:0 7) 














* Top 10-em soil plus surface matt 


the results are shown m Table 4 Results which are 
systematically low for all three surveys are apparent 
for some areas These low values may be associated 
with variations m ramfall, soil and grazing conditions 

However, Table 4 also shows that the mean 
strontium-90-level in yearling sheep bone ıs virtually 
constant for the three successive surveys This 
imphes that the strontium-90-levels ın sheep bone 
tissue of this age depend mainly on the rate of 
deposition of fallout, lending support to Russell’s** 
recent suggestions concerning the relative roles of 
total fallout and the fallout rate m the take-up of 
strontium-90 into plants 

Apart from the systematic variations at particular 
locations referred to above, the skeletons of yearling 
sheep throughout Australia appear to be contaminated 
with strontium-90 to approximately the same extent 
Fallout ıs therefore uniform across the contment , 
the shght latitudinal variation suggested by other 
measurements?" 1s not reflected m. these results 

(e) Sow Durmg August 1957 and 1958, samples 
of soil to a depth of 10 cm were taken from uncul- 
tivated land withm each of the five capital cities At 
each site succeeding samples came from the same 
immediate vicinity but the sites themselves were 
associated with nerthei milk production nor market 
gardenmg ‘The surface dimensions of the samples 
lay between 0 04 and 0 05 m?, the surface matt 
was analysed with the soil 

The 10 samples were treated usmg the hydro- 
chloric acid leachmg method, which ıs considered to 
give complete extraction of both calcium and stron- 
tmm-90 The analytical results shown in Table 5 
would imply that withm the errors there has been 
no overall accumulation of strontrum-90 m Australian 
soils durmg the period of the imvestigation This 
conclusion 18 unacceptable because measurements of 
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Fig 3 Sampling localities 


total precipitation collected in open pots at eight 
sites in Austraha during part of this period, and 
discussed below, suggest an annual deposition rate 
of nearly 1 me /km? This figure ıs sunilar to 
that reported for Australia by Alexander®’, m the 
course of a world-wide survey of strontrum-90 m 
soll, his results for 1956 and 1958, for samples 
taken at six Australian sites, are shown m Table 6 


Table 6 STRONTIUM-90 IN AUSTRALIAN SOIL SAMPLES* 
(Taken from ''Strontium-90 Distribution as determined by the Analysis 
of Souls” by L T Alexander (ref 27) ) 














Locality May 1956 March 1958 

(me /km *) (me /km 3) 
Perth 10 18 
Adelaide 20 45 
Hobart 05 43 
Brisbane 13 45 
Alice Springs 07 12 
Katherine — 18 

Mean (1 1 404) (3 0 + 10) 





* (1) Top 15-cm soil plus surface matt, (2) two samples of 0 126 m ? 
were taken on each occasion ateachsite Results quoted are averages 


This conflict between the two sets of results is 
most probably related to certam characteristics of the 
soul samples Although the same sites were revisited 
annually, as Table 5 shows, the samples showed 
considerable fluctuations of density and calerum 
content and such factors might account foi the 
low values recorded for the accumulated deposit of 
strontium-90 

Taken at face value the present data lead to a 
mean level at August 1958 of about 2 5 me jkm ?, 
somewhat lower than the mean value, 3 0 me /km ?, 
of Alexander’s data for Australa 

(f) Total Precipitation Commencing in June 1958 
stainless-steel pots, 12 m im diameter and 12 m 
high, were exposed contmuously at the eight stations 
shownin Fig 3 This aspect of the fallout monitoring 
programme was carried out in co-operation with the 
US Atomic Energy Commission, as part of its 
open-pot sampling effort*-® 

Both precipitation and solid deposition were 
collected over monthly periods and ın each case the 


Table 7 AUSTRALIAN ea Por SAMPLES JUNE~DECEMBER 








Accumulated | Estimated 

Locality Period strontium-90 | annual ate 

(me /km ?) (me /km *) 
Perth June-November 1958 0 38 08 
Adelaide 33 55 5j 0 74 15 
Melbourne | ,, October : 0 38 09 
Hobart 35 $4 $i 0 68 16 
Sydney », November ,, 0 66 13 
Brisbane July »s 33 0 64 15 
Townsville | June » "n 03 06 
Darwin July 13 pi 0 86 21 

Mean 
(1 240 3) 
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catch was analysed for strontium-90 by the Health 
and Safety Laboratory of the US Atomic Energy 
Commission , the results are shown in Table 7 

Takmg into account the seasonal variation m 
fallout rate the mean annual rate of deposition of 
strontium-90 for Australia approxumates to 1 me / 
km? Further work, now m progress, will establish 
this rate more definitely 


Comparisons of Australian Strontium-90 Levels 
with those in the Northern Hemisphere 


The nearly uniform fallout of strontium-90 ın 
Austraha contrasts with considerable fluctuations 
observed in the United Kingdom and the United 
States, where the bulk of northern hemisphere 
measurements have been made Nevertheless, rough 
average levels can be compared m those cases whore 
data are available for the appropriate time (the 
United States does not measure sheep bones or 
cabbages) 

The human bone results given in Fig 2 show that 
the Australian levels are somewhat less than one-half 
those for the northern hemisphere In the cases of 
mik and cabbages, comparisons with Americans? 
and British* data agam indicate levels which are 
about one-half the northern hemisphere values while 
Australian, sheep bone results for 1957 indicate levels 
less than one-half those m the United Kingdom! 
at that time 

Austrahan soul-levels le between one-fourth and 
one-third of those of the more densely populated 
regions of the northern hemusphere??, while the 
open-pot measurements indicate a strontrum-90 
fallout rate of less than one-quarter that operative 
in the northern hemisphere 


Conclusions 


(1) Withm the sampling errors, and apart fiom 
some local variations noted, the levels of strontium-90 
m the material examuned are uniform throughout 
Austraha This indieates that the strontium-90 
fallout over the contment arises from high-yield 
fission weapon tests overseas. as expected the 
contribution from local weapon tests 1s too small to 
be detected 

(2) The rate of deposition of strontium-90 and 
its accumulation in. Australan soils are one-fourth to 
one-third those in the more densely populated areas 
of the northern hemisphere The levels of strontium- 
90 in Australian human bone tissue and mulk he 
between one-third and one-half those in the northern 
hemisphere This level is a httle higher than would 
be expected from the fallout rate and the soil data, 
but the difference 1s not established statistically If 
further expermments prove this difference to be real 
1b would be hard to explain satisfactorily 
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A similar difference between bone and. soil-levels 
was reported by Kulp et al?! for other southern 
hemisphere samples and they considered that ib 
might be due to the movement mto the southern 
hemisphere of foodstuffs contaming strontium-90 
produced in the northern hemisphere This explan- 
ation 18 unsatisfactory m the Australian case for the 
continent 1s self-sufficient m most primary production, 
especially of milk and cereals Further results from 
the Australan survey should elucidate the position 

(3) The possible biological consequences to the 
population of Austraha, of the fallout-levels reported 
in this paper, have been assessed by the Austrahan 
National Radiation Advisory Committee?! The 
Committee concluded that the possible hazards are 
very small in comparison with those already accepted 
in technically advanced communities 
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EVOLUTION OF HOST—PARASITE RELATIONSHIPS 


ROF JEAN BAER (Neuchatel) opened a sym- 
posium held by Section D (Zoology) at the recent 
British Association meeting m York on the “Evolution 
of Host—Parastte Relationships" He began by analys- 
ing an ecological survey of such relations The survey 


was limited to biting and sucking he, fleas and worms 
parasitic in vertebrates, because the taxonomy and 
host-distribution of these parasites have been well 
studied, them lfe-cycles are usually complex and 
diverse and their host-relations show great diversity 


September 12, 1959 


The host or host-group 1s comparable ecologically 
to an island, the parasites representing the endemic 
fauna, and the more isolated the island, or the more 
speciahzed the host, the higher is the degree of 
endemicity of its fauna There 1s a great deal of 
evidence showing that both morphological and 
physiological speciahzation of the parasites is a 
consequence of them adaptive evolution to distinct 
gioups of hosts 

A rehable rmpression of host-distribution can be 
derived from histograms of the numbers of genera 
of parasites m particular host classes, and from the 
individual distribution of each group may be deduced 
its probable age 

Mallophaga, fo. example, occur exclusively on 
buds and mammals, and have evolved more exten- 
sively on the former than on the latter Monogenea 
are parasites on elasmobranchs, teleosts, amphibians 
and reptiles but are far more widely specialized on 
teleosts than on elasmobranchs and only very shghtly 
on amphibians and reptiles Cestodes occur through- 
out all the major groups of vertebrates , the greatest 
number of genera is found in birds and m elasmo- 
bianchs, whereas the largest number of genera of 
tiematodes is found in teleosts even though trema- 
todes have been reported from all the major groups 
of vertebrates 

Host—parasite relationships as expressed by the 
number of genera of parasites associated with a given 
group of hosts also 1mply that the age of the parasites, 
that 1s, the time when they first adopted parasitism 
as a way of life, varies considerably For example, 
fleas, lice and Mallophaga are unknown from hosts 
other than birds and mammals and it 1s extremely 
unlikely that such parasites existed before their 
hosts themselves appeared m late Cretaceous times 
Monogenea and cestodes were already most certainly 
associated with the precursors of modern sharks and 
appear to have accompanied the aquatic ancestors 
of the land-dwellmg vertebrates Moreover, ecto- 
parasitic Monogenea have only been able to survive 
by seeking refuge within the mouth cavity, ceso- 
phagus and urmary bladder of their hosts, and since 
their life-cycle restricts them to an aquatic habitat, 
they are associated with vertebrates such as amphib- 
ians and freshwater tortoises On the other hand, 
tapeworms living invariably within the gut of their 
hosts have evolved together with the latter and, as 
then life-cycles also became adapted to terrestrial 
intermediate hosts, ıt ıs natural that these parasites 
occur in land-dwelling vertebrates, that 1s, m reptiles, 
birds and mammals 

These parasites of vertebrates were discussed 
ecologically, separately as ectoparasites and as endo- 
parasites, and as to whether the larval forms had a 
fee-hvimg stage or not The ectoparasites with no 
fee-hvmg stage were the Mallophaga and the Ano- 
pleura, and with a free-hvimng stage, the terrestrial 
Siphonoptera, and the aquatic Monogenea The 
endoparasites were those with a gradual meta- 
morphosis, the nematodes, which might or might not 
have an intermediate host, and those m the meta- 
moiphosis of which distmet stages occurred, the 
trematodes, cestodes and Acanthocephala, all of 
which had at least one intermediate host 

An analysis of the results from an ecological 
approach to host—paiasite relationships clearly shows 
the presence of two factors responsible for host 
distribution, namely, (a) the physiological require- 
ments of each of the stages of the life-cycle , (b) the 
degree of morphological differentiation of the m- 
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festive larval stage These factors, bemg inherent 
to the class to which the parasite belongs, must have 
been acquired genetically and are therefore subject to 
mutation and to evolutionary pressures 

Each successive stage of any life-cycle does not 
necessarily have identical physiological requirements, 
but the more highly specialized tho latter the greater 
the degree of intimacy between the parasite and the 
host In trematodes, for example, host-specificity 
for the first intermediate host 1s more pronounced 
than in any of the subsequent stages, whereas m 
tapeworms the greatest degree of intimacy occurs 
with the dofinitive host In trematodes and acantho- 
cephalians the infestive larval stage is already a 
completely formed young worm that only needs to 
mature and to giow to become adult Since the 
distribution of these parasites m ther definitive hosts 
mostly follows the ecological pattern, 16 ıs probable 
that the physiological requirements of the adult 
worms are not highly specialized On the other hand, 
the infestive larve of monogeneans and tapeworms 
on reaching the definitive host must undergo further 
metamorphosis before acquiring adult characters 
The necessary conditions appear to be very strict 
and the more considerable the metamorphosis the 
greater the degree of host-specificity, the latter follow- 
mg the phylogenetical pattern Although there is, as 
yet, insufficient evidence for parasitic nematodes, ıb 
seems, however, that there might be a specific mech- 
anism that triggers the final moults of the infective 
larva 

Free-living flea larvee require strict conditions as 
to temperature and degree of humidity, umplymg 
that ther physiological 1equirements may be rather 
specialized But the legendary mobility of adult 
fleas and their resistance to starvation enable them 
to survive, but not necessarily to reproduce, by prac- 
tising the art of host-hoppmg 

Durmg their entire hfe-cycle, biting and suckmg 
lice remain attached to the host So 1t 1s not astonish- 
ing that their physiological requrrements appear to be 
lughly specialized as regards hair and feather struc- 
ture In birds, ther host distribution appears to 
reflect principally the latter 

Summing up the effects of both external and 
internal factors responsible for parasite relationships 
we find that parasites do not select ther habitat but 
that the latter ıs imposed by ecology The resultmg 
distribution, however, also reveals another selective 
mechanism, namely, the degree of physiological and 
morphological adaptation of the parasites themselves 

Prof W E Kershaw (Liveipool School of Tropical 
Medicine), ın diseussing the evolving human filaixe, 
suggested that ıt was more pertinent to conside: 
their present evolution rather than what had happened 
m the past This was possible because of precise 
information of those pathogenic human parasites 
which ıt had been necessary to obtain urgently in 
order to devise economie and practicable control 
measures Ther complicated lfe-cycles involved 
man, possibly other animals, and usually multiple 
species of vectors, each vector with 1ts own sequence 
of environments The parasite, therefore, should be 
regarded as one component of a parasite-host—vectoi 
complex The true evolving entity was therefore not 
the parasite but the coraplex, which was evolving 
as were the separate components, and it was be- 
haviour rather than structure which was critical 

Loa loa, a parasite responsible for the recurrent 
and crippling so-called Calabar swelling, occurs in 
West and Central Africa There were two parasite— 
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host—vector complexes, an infection occurring m man 
and transmitted by two species of the vector genus, 
which bite durmg the day, and another occurrmg 
in three or more species of monkey which are adapted 
to different but related species of the vector which 
bite during twilight and at night Both parasrtes 
were very closely related and differed only imn their 
general dimensions and in them adaptation to different 
vectors Each was well tolerated by the different 
vertebiate hosts and equally well transmitted by all 
the related vectors m the laboratory, but httle mter- 
change between these two populations occurred m 
Nature 

Malayan filariasis caused recurrent lymphatic 
inflammation and fever and often resulted later m 
the disabling permanent swelling of the limbs and 
the genitals known as elephantiasis, one form 
occurred in the north-west (periodic) and the other 
in the south and east of the Penmsula (non-periodic) 
The parasites responsible had only trivial structural 
differences, differmg mostly m behaviour In the 
‘periodic’ form the larve were rarely found in the 
blood during the day, bemg most numerous at night 
In the ‘non-periodic’ form, the larvee were apparent 
during the day and mght in similar numbers The 
larvs of these two forms behaved differently in the 
blood, they had different groups of vectors, and 
though both could be transmitted easily to cats, one 
form 1s not so well adapted to animals and occurs 
naturally only m man, whereas the other form 1s 
well adapted to animals and occurs naturally ın man, 
1n several species of monkey, m the domestic cat and 
in the pangolin 

In addition to these two infections ın man, one of 
which is shared with many animals, there was a 
further and separate parasite which behaves a httle 
differently from the other two, was transmitted by 
vectors somewhat different from the others and 
occurred in a very large range of animals, including 
the dog, the domestic cat, two species of wild cats 
and the civet cat, the tiger, the pangolm, the moon- 
rat and the slow loris, and could be transmitted 
experimentally to man and to the domestic cat It 
had so far been found m the State of Pahang 

Work in East Africa had disclosed a fourth parasite, 
occurring in animals but not so far m man, closely 
related in structure to the two forms of human 
filariasis m Malaya and to that described m the State 
of Pahang occurrmg m a large range of animals 
There were four related parasite-host-vector com- 
plexes, one of which had separated from the other 
three and was so far believed to be restricted to 
East Africa, and three occurred in Malaya These 
three m Malaya are now evidently undergoing further 
divergent evolution, though them overlap 1s still very 
considerable 

Onchocerciasis caused skm changes and was 
associated with blindness m Central America and in 
tropical Africa In the Americas, the adult worms 
occurred m nodules ın the head and neck and eye 
changes were common, while in Africa they occurred 
on the lower part of the trunk and the legs, and eye 
changes were less common and occurred mostly in 
old-standmg infections, so that they were once thought 
to be due to different parasites In Africa the dis- 
tribution of the larve in the skin had a very clear 
pattern both on the surface and im depth, and in 
early infections these larva were limited to the legs 
Only when exposure to the infection had been repeated 
for many years did the concentration of larva rise 
and were they to be found m the upper parts of the 
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body While smular precise information was lacking 
1n the Americas 16 seemed likely that the larve were 
most numerous m the head and neck The vectors m 
Afiica bit on the ankle and leg, and m America on 
the head and neck These two different parasite- 
host-vector complexes have the same host and the 
same parasite, but differ m ther manifestations 
because of the different behaviour of the two different 
groups of vectors 

The fundamental research undertaken to make ıt 
possible to devise economically practicable control 
measures has disclosed evolution in progress 

Dr C A Wright (British Museum, Natural 
History) discussed the relation between trematodes 
and molluses The problem of speciation in the di- 
genetic trematodes had recerved little attention 
Isolation of some kind 1s an essential factor in the 
evolution of new species, and 16 1s suggested that the 
pait played by the molluscan intermediate host 1s of 
considerable importance in the speciation of flukes 
The effective geogiaphical range of a parasite 18 that 
area where all of the hosts necessary to the completion 
of the hfe-cycle occur together The ecological re- 
quirements of most molluses are such that a species 
is seldom uniformly distributed throughout its range 
but is broken up mto separate populations between 
which there are varying degrees of isolation These 
populations serve as the foci for the completion of 
fluke life-cycles and ıt 1s around these centres that 
the gene pools are formed from which new species 
may arise There are three main factors in the 
mamtenance of the purity of the gene pool, the 
geographical isolation of the locality, movement of 
the definitive host and the longevity of the adult 
parasite withm that host The third factor may 
partly offset the second for, if the parasite matures 
quickly, lays 1ts eggs and dies, there 1s less chance 
of the eggs reaching other centres where the cycle 
could be completed even if the definitive host 1s very 
mobile 

The importance of host-restriction in the parallel 
evolution of host and parasite 1s of great significance, 
and the degree to which this phenomenon 1s shown 
m the relationship between larval flukes and then 
mollusean hosts 1s far greater than 1t 18 between the 
adult flukes and their vertebrate hosts In those 
flukes which have a free-swimming miracidium there 
are at least two ways m which new fluke—molluse 
relationships may occur In the process of host-loca- 
tion by the muracidia the first stage 1s a response to 
physical stimuli which brmg the larve mto the 
region of the host-habitat Thus, the substitution of a 
different mollusc having the same ecological require- 
ments as the normal host may result in the adoption 
of this new host if rts tissues provide an acceptable 
environment for further development of the larve 
The last stage of the host-finding pattern by muracidia 
1s a response to a chemical stimulus Paper chromato- 
graphy has shown the presence of species-specific 
substances ın the body-surface mucus of freshwater 
snails and ıt 1s possibly these substances which enable 
muracidia to diserunmate between potential hosts 
It has now been shown that there exist differences 
in the composition of the mucus of snails of the same 
species from different populations and this may have 
great significance m the evolution of new mollusc- 
fluke relationships 

Dr Theresa Clay (British Museum, Natural 
History) made some suggestions about the evolution 
of host-parasite relationships in the Mallophaga of 
birds It was possible that the breakmg up into 
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non-breeding units by the birds during their evolution 
would result m isolated populations of Mallophaga 
and was analogous to the situation found on a group 
of contmental islands the populations of which had 
become isolated by the disappearance of land con- 
nexions Later secondary infestations of Mallophaga 
fiom one host group to another are analogous to the 
t1ans-oceanie colonization of oceanic islands Success- 
ive colonizations and the occupation of the different 
ecological niches on the body of the bird could explain 
the numbe of different genera and species of Mallo- 
phaga found on one host species During the time 
that the Mallophaga were still partly free-living and 
before they had developed any close adaptation to 
life on the bird or to a particular bird species, 1nter- 
change of host was presumably more frequent Thus, 
although birds within an order or sub-order are 
usually parasitized by related mallophagan faunas 
which have presumably evolved on these orders, the 
o1igins of related mallophagan faunas on different 
orders are difficult to assess In the affinities between 
mallophagan faunas of the bmds', a diagram meant 
to demonstrate factually these affinities and not 
necessarily to suggest affinities between the host 
groups, the simulaiity of the mallophagan faunas of 
the Procellaruformes and those of the Charadrnformes, 
for example, may show no more than an ecological 
ielationship, members of both orders lring m the 
same environment The fact that m general the species 
on the two orders are now well differentiated suggests 
that, if this distribution 18 due to secondary mfesta- 
tions, 1b could not have been recent and supports 
the theory that establishment on a new host took 
place mamly in the early days of the evolution of 
host and parasite 

Mr P F Mattmgly (British Museum, Natwal 
History) stated that the complete restriction of 
human and simian malaria to anopheline vectors 
suggests that this group may originally have evolved 


ANIMAL 


HE significance of rhythmic activities m animal 
physiology ıs becomung increasingly evident 
to-day For this reason, the symposium on ‘animal 
clocks’ held in York on September 4, by Section D 
(Zoology) of the British Association for the Advance- 
ment of Science, was well timed Durmg the morning 
sessions, Dr L Harrison Matthews, section president, 
was in the chan 
The first speaker, Prof F A Brown, jun (North- 
western University), described recent research carried 
out ın his laboratory In 1948 he had established that 
the frequency of the 1hythm of colour change ın fid- 
dler-crabs was independent of temperature over a 20- 
deg C range Laterit was shown that this ‘indicator’ 
process was itself 1egulated by a more fundamental 
*"hythmie element and that two control centres were 
nvolved Although the concept of an autonomous 
slock 1s retamed by most mvestigators, Prof Brown 
10w postulated that the periodisms which comprise 
sasic biological clock systems are imposed by envaron- 
nental changes even in conditions hitherto presumed 
0 be constant This hypothesis he supported by a 
letailed statistical analysis of data obtamed by means 
f an automatic recording respirometer from organ- 
sms as unrelated as fiddler-crabs and potatoes which 
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mainly as feeders on mammals Burd malaria, on 
the other hand, was carried exclusively by cul.cine 
mosquitoes which might thus have originated as 
feeders on birds Tho fact that human filariasis was 
carried by both anopheline and culeme mosquitoes 
suggested that ıt may have entered the system com- 
paratively recently The comparative physiology 
and biochemistry of blood-meal utilization in 
mosquitoes had been very madequately studied 
This was a particularly promising field for research 
which might throw light on many problems 

Prof G C Varley (Oxford) believed that host 
specificity needed careful definition Not only must 
both host and parasite be accurately identified, butalso 
those cases where a parasite can only complete part 
of its development must be distmguished Published 
lsts unfortunately often gave equal emphasis to 
unique records and to regular parasite relationships 

Prof Baer considered that the relation between 
a parasite and a group of hosts, related by ecology o1 
phylogeny, was biologically significant, whereas the 
relation between one parasite and ono host meant 
little 

Prof Baer believed that the biochemical approach 
to species determmation should be encouraged in the 
way that Dr Wright was applymg ıt to snails, and 
that isolated protems and carbohydrate fractions 
from hosts and parasites might be used 

Dr J Sandground (New York) described hus 
experience with onchocerciasis m Guatemala and in 
the Gold Coast, and referred to his demonstration 
some twenty years ago that the parasites m the New 
and Old World were identical He beheved that 
much more work iemained to be done m oncho- 
cerciasis before the infection could be understood 
adequately and before control would be easy 

WILIAM KERSHAW 


1Clay, T , First Symposium on Host Specificity among Parasites 
of Vertebrates, Neuchâtel, 120 (1957) 


CLOCKS 


had been hermetically sealed in constant conditions 
including pressure, for several days at a time 

Although other speakers did not agree with this 
view, all must have been stimulated to look more 
carefully at there own data Unfortunately, 16 has so 
far proved almost impossible to devise a really 
eritical experiment that will differentiate between 
an innate clock mechanism and one derived from 
exogenous sources, since ıb appears possible, by 
analogy, to alter the position of the hands of the 
clock relative to the works Just as it 1s difficult to 
conceive of a distance-judgmg mechanism indepen- 
dent of space, so a clock system presumably iequures 
some fixed points of referenco 

In a paper on the influence of the environment on 
the cyclical bitmg-behaviour of mosquitoes, Dr 
A J Haddow (director of the East African Virus 
Research Institute) pomted out that every species 
so far studied has shown a 24-hr periodicity In 
some, this 1s merely nocturnal or diurnal, but in 
others most of the activity 1s confined to one or two 
short and precisely delimited periods These, while 
usually very constant for a grven environment, may 
be entirely different in another Further, they may 
Show very striking differences at different levels 


164 


above ground within the same environment At 
present, no single explanation fits all known cases 

The complexity of natural mternal trming mech- 
anisms was illustrated by Dr Janet Harker (Depait- 
ment of Zoology, Cambridge), who described a series 
of elegant experiments by which she had been able 
to slow down part of the mechanism Jn cockroaches 
a hormone has now been discovered which increases 
the activity of the animal, and which is secreted in 
strict 24-hr cycles This hormonal clock can be 
stopped by chilling the secretory cells while the rest 
of the body 1s kept at a normal temperature, and 
when this 1s done a second clock associated with the 
nervous system is revealed When the secretory 
clock 1s allowed to start agam, provided ıt bas not 
got too far out of time with the nervous clock, 1t 1s 
reset by the latter However, m normal conditions 
the secretory clock acts as the master-clock, and 
since, like the nervous clock, ıt is not affected by 
sudden short changes in light conditions, the diurnal 
activity rhythm of the anımal ıs little upset by such 
changes This may be important, m Nature, for 
animals which experience short periods of darkness 
durmg the day (for example, by gomg under a 
stone), or hght at mght (for example, bright moon- 
light or artificial hght) If these mmo: changes in 
hght conditions were to reset the clock, the anrmal 
would soon get out of time with day and night On 
the other hand, the fact that the secretory cycle can 
be affected by the nervous system clock towards the 
begmnmg and end of the dark period, and the 
activity rhythm can be immediately reset at these 
times, suggests a way ın which the animal can allow 
for changing day-length 

The morning session closed with an account by 
Dr C S Pittendngh (Prmceton University) of a 
coupled oscillator model for studymg the behaviour 
of the innate circadian (‘about a day’) rhythm of 
cells and organisms Its further utility was noted in 
explaming recent discoveries m thermo- and photo- 
periodism Studies on the effects of smgle perturba- 
tions of the oscillator by light or temperature reflect 
the behaviour of a common underlying biological 
mechanism m some organisms, the phase of a 
rhythm ean be shifted by a lght signal as short as 
1/2,000 sec It was concluded that the cell must 
complise many diverse circadian oscillations, and 
disturbances of ther mutual phase relations may 
lead to physiological stress or damage 

Prof G C Varley (University of Oxford) presided 
over the afternoon sessions m which plant clocks 
were described by Dr M B Wilkins (King’s College, 
London), with special reference to his own observa- 
tions on excised leaves of Bryophyllum fedtschenkow 
placed im continuous darkness and temperature 
These maintam a 22 4-hr rhythm m the rate of 
carbon dioxide output for several days The clock con- 
trolling the 1hythm ıs extremely sensitive to changes 
1n external conditions of temperature and ilumination 
to which the leaves are subjected Continuous 
illummation inhibits the clock which re-commences 
when darkness is restored, the phase of the sub- 
sequent rhythm bemg determined by the time at 
which the hght was extinguished The phase of a 
rhythm persisting ın darkness 1s reset by applymg a 
3-hr light treatment to the leaves between the peaks 
but not at the crest of a peak Red light mhibits the 
rhythm, but blue hght has no effect A rhythm can 
be induced in ilumunated leaves by reducing the 
light mtensity by at least 80 per cent, and it was 
later found that the phase of such a rhythm could 
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be reset by applymg & 3-hr dark treatment at the 
crest of a peak, but not between the peaks The 
rhythm 1s inhibited when the tissue 1s placed m an 
atmosphere of nitrogen and rts period vares with 
temperature It 1s apparently unaffected by solutions 
of mutotie mbibitors such as phenyluiethane and 
colchicine 

Dr C Q Butler (head of the Bee Research Depart- 
ment, Rothamsted Expermental Station) then sur- 
veyed the development of knowledge regarding the 
time-sense of the honey-bee smce its fortuitous 
discovery ın June 1905 by the famous naturalist, 
A Forel It was not until more than twenty years 
later that Ingeborg Beling carried out hei extensive 
experiments m which bees were trained to visit a 
feeding place at different times of day under constant 
conditions Later woikers have since obtained data 
which support the view that a honey-bee’s time-sense 
depends m some way upon metabolic rhythm, smce 
1t can be speeded up or slowed down by the use of 
appropriate drugs Finally, bees tramed in Paris to 
visit a feeding dish at a definite time each day have 
continued to maintain then feeding schedule under 
constant conditions after bemg flown to New York, 
thus demonstrating that the time-sense of the insects 
1s endogenous 

Dr A J Marshall (St Bartholomew's Hospital 
Medical College) introduced an exotic note when he 
discussed the possible influence of the internal rhythm 
of reproduction in the control of trans-equatorial 
migration of buds flymg between Europe and Africa 
and Tasmania and the Aleutian Islands He pointed 
out that although somethmg akin to a clock was 
involved, ıt had to be hkened, nevertheless, to a 
somewhat imprecise, cham-store variety in that it 
had to be ‘corrected’ by environmental factors at 
least once durmg each annual cycle Wok carried 
out by Dr D L Serventy and himself had made ıt 
clear that even when shearwater petrels (that breed 
on. islands off the Southern Australian coast) were 
kept captive under widely varying conditions and 
day-length, they nevertheless came to breedmg con- 
dition at the same time as the free birds that had 
made ther astonishmg circum-Pacific, trans-equa- 
torial journey 

Next, Dr J L Cloudsley-Thompson (King’s 
College, London) discussed the synchionization of 
animal clocks ın general, pomting out that endo- 
genous rhythms are frequently correlated with 
environmental changes although they are not neces- 
sarily a direct response to them Thus, 1f cockroaches 
are subjected to alternating 12-hr periods of light and 
darkness, locomotion may actually begin shortly 
before the hght 1s extinguished We have therefore 
the concept of an mnate rhythm synchronized by 
changes in environmental factors such as light, 
temperature and humidity which should be regarded 
as ‘clues’ rather than stimuli 

The field cricket, Gryllus campestris, placed m 
aktograph apparatus, can be seen to be active m 
the day-time with a rhythm that is endogenous and 
mdependent of temperature When the 24-hr 
periodicity has died away, however, after weeks in 
constant conditions, 1b can be re-established by a 
single exposure to light or by a retuin to higher 
temperatures after a period at 5° C The cricket’s 
clock can be reset ın this way, even when activity 1€ 
completely suppressed by diought 

Although hght intensity is the chief factor by 
which anımal clocks are synchronized, regular tem. 
perature changes can also be effective When night. 
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active animals such as white rats, deer mice and 
mulpedes are placed in constant light, ıt is found 
that their rhythms tend to be delayed while those of 
day-active forms are accelerated The converse often 
occurs m constant darkness In this way, diurnal 
rhythms can be shifted as the days lengthen or draw 
in according to the season Synchronization with 
environmental changes cannot be achieved both at 
dawn and dusk as the time of each of these is altermg 
The ‘clue’ tends to be dusk in the case of nocturnal 
forms, dawn m that of day-active animals 

The symposium concluded with a paper by Dr 
Mary C Lobban (Department of Physiology, Cam- 
bridge), who said that m most communities man’s 
activities are geared to a 24-hr day The clock 
which governs this periodicity is often difficult to 
reset, as those who travel great distances at the speed 
of modern aircraft well know It 1s, however, possible 
to separate different physiological rhythms and to 
get them adapted to different degioes and at different 
rates Recent work with indigenous Arctic peoples— 
Indians and Eskimos—indicates that environmental 
factors may mfluence physiological diurnal rhythms 
more than was hitherto thought Temperature and 
physical exertion may well exert a profound effect in 
deciding whether an mdividual will become adapted 
successfully to a new time routine and even whether 
he will become adapted at all 

Both sessions were followed by hvely discussions 
which served to emphasize the diversity of approaches 
to be found among workers on rhythmic phenomena 
For example, Dr Wilham Gooddy (London) noted 
that no definition of a clock had been given by any 
speaker the papers were concerned with the forms 
of rhythms and them possible causes The definition 
of a clock as some form of regularly repeated natural 
phenomenon imphes the presence of an observer, 
and each speaker had mentioned only those rhythmic 
processes which he had selected to be clock-forms for 
him Since xt 1s possible to study mnumerable time 
systems, from the human time sense to the ‘tides’ 
inside single cells, the multiplicity and mteraction of 
the mechanisms are evident It might be wise to 
investigate organisms with nervous systems separ- 
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ately from plants Though the cycles of some systems 
are related to the great events of astronomical 
observation, they will be modified by all other 
systems, perhaps giving rise to circadian cycles 
rather than exact 24-hr cycles Final or simple 
rhythms of an organism, meluding those desciibed, 
must represent the average effect of all the possible 
clock forms observable by biologists in that organism 
Too much analytical work on a system in isolation 
might obscure the general principles which may 
one day explain the mysteries of the human time 
sense 

Mr P F Mattingly (London) pointed out that the 
study of arthropod-borne virus diseases had made 
1t abundantly clear, despite the isolation of the virus 
In an intracellular environment, that its evolution 
has been conditioned by external factors no less than 
has that of the host The integration of cyclical 
rhythms in animals is not merely a physiological 
problem but forms the basis of organic evolution 
itself 

Dr E T Burtt (Newcastle upon Tyne) mquired 
whether different rhythmic activities might not 
profitably be regarded as portions of a continuous 
spectrum, but Dr Cloudsley-Thompson rephed that 
he believed there to be a hierarchy of mutually 
regulatory rhythmic patterns Another speaker 
suggested that perhaps too much work had been 
devoted to arthropods, since mter-cellular tians- 
ference of hormones 1s not the same in these animals 
as in vertebrates (An mstance ıs afforded by the 
sex hormones, the mter-cellulam movement of which 
1$ so much reduced among insects that mosaic 
individuals can be formed ) 

Dr Sydney Smith (Cambridge) emphasized the 
dangers of lumpmg together a number of unrelated 
phenomena under 111-defined names such as rhythmic, 
or cellular activity—a trait as seductive as it is 
musleadmg Finally, Dr Harker pomted out that 
under conditions of desiccation the distribution of 
hormones within the insect body becomes blocked, 
owing to reduction m the amount of blood This 
would explam the phenomenon observed in the field 
ericket J L CroupsrEY-THOMPSON 


THE CONTINUED PROGRESS OF SATELLITE 19585, 
(SPUTNIK III) 


By B. R. MAY and D E SMITH 


Radio Research Station, Department of Scientific and Industrial Research, 
Ditton Park, Slough, Bucks 


HE progress of the third Russian Earth satellite, 
19588,, from launching on May 15, 1958, until 
October 31, has already been reviewed by D G 
King-Hele* From the latter date the responsibility 
of followmg the progress of the satellite and pre- 
dicting ite flight was taken over by the Radio 
Research Station, Slough 
For prediction purposes a period — time eurye has 
been plotted, using radio and optical observations, 
and this is shown in Fig 1 It 18 noticeable that the 
slope of the curve has been decreasmg steadily 
throughout the period December-Apri from Nov- 
ember 1 to December 20, 1958, the mean rate 
of change of period was about 1 26 sec /day, 


from December 20 to February 28 about 
1 17 sec /day , and from February 28 to March 31 
about 1 11 sec /day This decrease m slope, which 
arises from a lessenmg of atmospheric drag, is very 
probably a consequence of the fact that the southerly 
latitude of perigee, the pomt ın the orbit at which 
the satellite experiences the greatest atmospheric 
drag, has been increasing since October 24, the date 
on which ıt crossed the equator This movement has 
resulted in a net merease in the height of perigee 
above the Earth’s surface, since the rate at which 
the Earth's radius has been decreasing with latitude 
has been greater than the rate at which the perigee 
distance of the orbit has been decreasing A lessening 
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Table 1 ORBITAL ELEMENTS FOR SATELLITE 19530, 
I! 
Rate of 
Nodal period Semi-major Perigee Apogee Orbital rotation of Argument 
Date of revolution axis Eccentricity distance distance inclination orbital plane of perigee 
(min ) (km ) (km ) (km ) (deg ) (deg /day) (deg ) 
1958 
Nov 100 103 358 7295 8 0 0970 6588 3 8003 3 65 16 2 67 356 
0 0968 0589 4 8002 2 
Dec 1 00 102 664 7263 18 0 0930 6587 3 7939 0 65 15 271 344 
à 0 0929 6588 6 7937 7 
195 
Jan 100 102 013 7232 6 0 0894 6586 2 7879 0 65 14 2 74 331 
0 0891 6587 9 7877 8 
Feb 100 101 407 7203 9 0 0859 6585 1 7822 7 65 13 2 78 319 
0 0856 6587 3 7820 4 
Mar 100 100 791 7174 8 0 0823 6584 0 7765 2 65 13 2 82 308 
0 0820 6586 6 7763 0 
Apr 100 100 202 7147 0 0 0789 6582 9 7711 8 65 12 2 84 298 
0 0785 6585 8 7708 3 
May 1 00 99 647 7120 9 0 0757 6581 8 7660 1 65 11 2 88 286 
0 0752 6585 1 7656 8 
Accuracy +0 005 02 +0 0005 +10 +10 +0 01 +0 02 +10 





Note Upper figures 1n columns 4, 5 and 6 were obtained assuming a scale height of 55 6 km (30 nautical miles), the lower figures 


correspond to a value of 37 1 km (20 nautical miles) 
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Fig 1 Nodal period of revolution of satellite 19586, (Sputm IIT) 
indicate latitude of perigee 


of atmospheric drag follows fiom this inciease m. 
height Some 1dea of the increase in perigee height 
with wereasing southerly latitude can be obtained 
from the following figures at latitudes 0°, 40° S 
and 60° S , the pemgee heights were 210 9, 216 4 and 
222 5 km, respectively, for a scale height of some 
46 km (25 nautical miles) It 1s mteresting to note 
that since March 25, 1959, the porigee of Sputnik III 
has been at a greater latitude than any other estab- 
lished. satellite 

Superimposed upon the smooth curve are numerous 
regularities 1mplymg changes m the effective cioss- 
sectional area of the satellite, or as 1s more likely, 
nregularities in atmospheric density at perigee Sug- 
gestions have been made as to the causes of these 
in egularities—discontinurties of density at the boun- 
dary of the hght and dark sides of the Eaith?, solar 
disburbances?—though a discontimurty at about 28° 
S , corresponding to one detected at about 28° N by 
Kung-Hele*, has failed to make an appearance 

The uwregularrties ın the period — tıme curve have 
made ıt difficult to forecast with any certamty the 
date of descent of the satellite Durmg December 
1958 a theoretical date of descent of about December 
15, 1959, was indicated, but at the present timo the 
expected date ıs neaie: January 5, 1960 
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As an object for optical ob- 
servations, the satellite has been 
comparatively faint since Octo- 
ber 1958 due to its height, 
which has not been Jess than 
460 km 1m the latitude of Groat 
Britain On only & very few 
occasions has ıt been observed 
visually at stellam magnitudes 
brighter than + 3, and most 
observations have been made at 
magnitudes +5 to +7 Dur- 
mg May, when the satellite was 
visible two and three times each 
night, its biightness remamed 
famly constant (though of an 
unpredictable magnitude) on any 
one transit, m contiast with 
1—53 the flashing nature of 1ts appear- 

APR ance earlier this year The 
satellite is stil transmitting on 
a frequency of between 20 004 
and 20 005 Me /s, though 3t has 
been reported from Austiala’ that the satellite 
does not now transmit a modulated signal when 
ibis m the Earth’s shadow Radio observers m 
Great Britain have had little opportunity of verify- 
mg this since, on transits within radio-range, the 
satellite has not been in the Earth's shadow since 
April 28 

The initial elements of the orbit of the satellite, for 
epoch May 15 3, 1958, were nodal period, 105 975 
mm , eccentacity, 0 111, perigee height, 226 km , 
apogee height, 1,879 km , and argument of perigee, 
58* The elements for the period November 1, 1958- 
May 1, 1959, are given m Table 1 The nodal periods 
have been taken from the period — time curve used 
for prediction purposes The semi-major axis, 
eccentricity, perigee distance, apogee distance and 
the rate of rotation of the orbital plane have been 
calculated from the periods* The orbital melination 
has been obtamed by comparison with Spuinek III 
rocket (19588,), and the argument of perigee from a 
mean curve plotted using values from various sources 
including the Smithsonian Astrophysical Observatory 
As the value of the scale height at heights ın the 
region of the perigee is uncertain, the eccentricity 
and the perigee and apogee distances have been 
calculated using two values of scale heights, 55 6 km 
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and 37 1 km, the limits within which the true value 
18 thought to be 

We should hke to take this opportunity of thanking 
all those who have sent us observations on satelhte 
19588,, both radio and optical 

The work described above was carried out as part 
of the programme of the Radio Research Board and is 
pubhshed by permission of the Director of Radio 
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OBITUARY 


Sir lan Heilbron, DSO, F.RS 


Sm Jaw Har;BROW died m London at the age of 
seventy-two, followmg a short ulness, on September 
14 He was born in Glasgow m 1886, was educated 
aù the High School and graduated from the Royal 
Technical College there He had, as he was fond of 
recalling, decided upon chemistry as his career agamst 
family advice, but his choice was soon confirmed 
under the mspirmg guidance of the late Prof G G 
Henderson, for whom Heilbron acquired a life-long 
admiration Ib was at Henderson’s suggestion that 
Heilbron spent a two years tenure of a Carnegie 
fellowship from 1909 with Hantzsch m Leipzg 
Here, a close companion of the late Prof R Robison, 
Heilbron developed a lasting mterest m the applica- 
tion of spectroscopy to structural organic chemistry, 
and this experience seems to have led to the emergence 
of one of hig marked characteristics, namely, a con- 
stant readmess to extract all possible assistance in 
the study of natural compounds by applymg new 
physical techniques such as molecular distillation, 
chromatography and countercurrent distribution 
However, his academic career at the Royal Techmical 
College, Glasgow, where he was lecturer until 1914 
and where he worked im purely synthetic organic 
chemistry, was mterrupted by the First World War, 
in which he served with great distmnetion, eventually 
as assistant director of supplies 1n. Salonika, and was 
awarded the DSO After the War, he spent a short 
tıme with the then newly formed British Dyestuffs 
Corporation, but soon embarked upon a brihant 
academic career, m which he successively held pro- 
fessorial chaws m Glasgow (1919-20), Liverpool 
(1920-33), Manchester (1933-39) and London (1938— 
49) 

Heilbron’s great and pioneermg contributions to 
the study of natural compounds commenced m 
Liverpool His early studies on the constituents of 
fish liver ois, notably squalene, led in turn to his 
mtroduction mto Britain of micro-methods, to further 
his many imvestigations on the fat-soluble vitamuns 
A and D, with which was associated in due course 
still wider exploratory work on steroids and caro- 
tenoids generally It ıs perhaps iromica) that he 
hımself rarely shared fully m the culmmating syn- 
thetic tiiumphs which were often based on the 
difficult and arduous work which he had long ago 
instituted with such conspicuous acumen, courage 
and determmation However, outstanding asewere 
his many direct contmbutions to knowledge, as 
reflected, for example, m some three hundred original 
publications, and his bringing into bemg with HM 
Bunbury the “Dictionary of Organe Compounds", 
his indirect contributions to chemistry ın general 


were perhaps unequalled Repeatedly he equipped 
laboratories with unsurpassed vision so that each is 
now a thriving centre of research Above all, he 
mspned a host of younger chemists, many of whom 
now occupy leadmg positions in universities or 
industrial lıfe in Britam and abroad 

The Second World War naturally brought Heilbron. 
agam to the service of his countiy ultimately as 
scientific adviser to the Ministry of Production, 
where he played an important part in introducing 
DDT, and as a result was kmghted in 1946 All 
these duties, discharged with a precision and pene- 
tration which constantly surprised his associates, 
were assumed, however, m addition to his academic 
work, which went on at an accelerated rather than a 
reduced rate and led later to a new spate of publica- 
tions on such different topics as the chemustry of the 
steroids, acetylene compounds and penicillin More- 
over, by this time his unique experience was widely 
sought 1n such capacities as chairman of the Colomal 
Insecticides Committee, as a member of the Advisory 
Council of the Royal Military College of Science and 
of the Advisory Council to the Committee of the 
Privy Council for Scientific and Industiial Reseaich, 
and in reorganizmg the International Union of Pure 
and Apphed Chemistry While in the midst of these 
activities he relinquished Ins academue post at the 
Imperial College of Science and Technology, London, 
to become director of the Brewmg Industry Research 
Foundation (1949-58), which owes so much to his 
versatility, energy and genius 

Heilbron’s scientific hfe began when the study of 
chemistry and particularly of natural compounds 
was scarcely more than an academie pursuit, but 
he lived to see many of the methods and techniques 
which he had sponsored become general tools of 
research and many of his research projects develop 
into substantial segments of chemical mdustry It 
1s not surprismg, therefore, that he received wide 
recogmtion in the form of numerous awards and 
honorary degrees, both m Britam and overseas Any 
mere catalogue of these achievements and distinctions 
could, however, convey litle real impression of his 
great qualities as a man Lucidity, constructive 
imagmation and an almost intuitive insight mto the 
complexities of scientific effort were among many 
similar characteristics which were almost immediately 
apparent to all with whom he came into contact 
Those somewhat closer, as in the departments which 
he directed, came also to recognize his generosity, 
sciupulous fainess and mvariable feeling of fatherly 
concern for even the most junior members of his 
staff To those privileged to know him still better, 
his quick sense of humour. keen appreciation of the 
arts and, above all, the spontaneous assured wisdom 
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with which his lively mmd abounded, made him an 
unforgettable and delightful personality He is sur- 
vived by two sons, but the sudden death of his wife, 
Elda, m 1954 was a sad blow which affected him far 
more deeply than many who knew him may have 
realized A H Cook 


My close friendship with Ian Heilbron dates from 
neai the end of the First World War and arose 
from many common mterests and activities These 
meluded consultation with industrial research groups, 
membership of commuttees under government auspices 
and tenure at different times of the chairs of organic 
chemistry at the Universities of Liverpool and 
Manchester Heilbron was, of course, an illustrious 
organic chemist whose reputation was world-wide 
and whose original work could justly be described as 
ploneering As Dr Cook has pomted out, he did not 
always enjoy the full fruits of his labours Others 
stood on his shoulders and were thus enabled to reach 
higher A part of his work was m fields of potential 
commercial importance and doubtless for this 
reason some of his discoveries were impatiently 
exploited 
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Heilbron bad much courage of his very firmly held 
convictions, and did not fail m findmg words to 
express them He caused many a bieath of fresh 
air to pass over the conference tables, especially 
when he thought progress was too slow or where he 
detected evidence of red-tape mentality 

His contiibutions m the Second World War were 
extremely valuable If he had not been a scientist 
he could have become a most successful busmess man 
and his executive activity was characterized by 
promptitude and efficiency Every laboratory which 
came under lus charge was gieatly xumproved, not 
merely by new construction but also by better 
considered organization of existing facilities His 
attention to detail m these connexions was very 
characteristic As an mvestigator he also excelled m 
planning the campaign and was instrumental in the 
introduction of important novel techniques 

In private life his friends found him quite charming, 
an excellent host and a greatly appreciated guest He 
was fastidious and had a most sensitive appreciation 
of the fine arts Above all he was a warm-hearted, 
generous man who devoted himself to publie service 
and to the progress of science R ROBINSON 


NEWS and VIEWS 


Astronomy at St Andrews Prof E F Freundlich 


Pror E Frytay FREUNDLICH, who four years ago 
retired from the Napier chair of astronomy at St 
Andrews, relmquishes now also his directorship of 
the Unrversiby Observatory Prof Freundlich staited 
his astronomical life some forty years ago at the 
Berlm Observatory Much of his work was determined 
by an early association with Emstem which made 
him pursue the question of observational tests of the 
theory of relativity In ordei to investigate the 
predicted red-shift of spectrum Imes, Freundlich 
created in the early ‘twenties at Potsdam the well- 
known Emstem Institute with its tower telescope 
The new solar installation, among the best of the 
time, produced new observational evidence on the 
‘lumb’ effect, and also mpoitant pioneer work on line 
profiles Freundlch’s mam contribution to the field 
of relativity astronomy 1s undoubtedly his eclipse 
work on the deflexion of light at the Sun’s limb His 
results of 1929 are still among the best obtamed on 
this extremely difficult problem, and his conclusion 
that the observed deflexion exceeds the theoretical 
value 1s now generally accepted Prof Freundlich 
left Germany m 1933 and after a few years m Istanbul 
and Prague settled m St Andrews m 1939 Here he 
became mterested in the design of a large Schmidt— 
Cassegrain telescope A 19-m pilot model was suc- 
cessfully set up m 1950, and the mam parts of the 
full-size 37 1n. telescope are now nearmg completion 
In the University, Freundlich instituted an honours 
course m astronomy, in which he paid particular 
attention to his favourite subject of celestial mech- 
anics It 1s pleasing to know that when Prof Fieund- 
lich returns to his native Rhineland, an association 
with the University of Mainz will allow him to retain 
an active interest in astronomy 


Prof D W N Stibbs 


Dr D W N SrrBBS succeeds Piof E Finlay 
Freundheh in the Napier cha of astronomy ab 


St Andrews A graduate of the University of Sydney 
m physics m. 1942, Dr Stibbs gained his early astro- 
nomueal trammg at the Commonwealth Observatory 
under the Astronomer Royal, Dr R v d R Woolley , 
afterwards they were co-authors of the well-known 
monograph *"The Outer Layers of a Star" Engaged as 
lecturer i» mathematical physics at Armidale m 
1942, Dr Stibbs was seconded from there to work 
for the Royal Australian Air Force on the mfluence 
of the ionosphere on radio dnection-findmg He re- 
turned to Canberra after the War and was appointed 
Radeliffe Travelling Fellow m Astronomy im 1951, 
and worked first at the Radcliffe Observatory, Pre- 
tora, and afterwards at Oxford where he gamed his 
DPhil ın 1954 ‘In 1955 he jomed the Theoretical 
Physics Division at the Atomic Weapons Research 
Establishment, Aldermaston, where he has been 
engaged in theoretical research on the mteraction 
between radiation and matter under stella condi- 
tions He 1s probably best known for his fundamental 
work on the motions of the southern galactic Cepherds 
as determined from his own consummately planned 
observations at the Radcliffe Observatory In a 
discussion of the motion of these stars and of those 
earlier observed by Joy at Mt Wilson, Di Stibbs 
revealed a marked discrepancy in the neighbourhood 
of the galactic centre between the rotation of the 
Cepheid System and the neutral hydrogen clouds 


California Institute of Technology 
Dr Richard P Feynman 
Dr Ricsard P Feynman has been appointed 
Richard Chace Tolman professor of theoretical 
physies at the Calforma Institute of Technology 
The trustees created the new chair in physics in 
hononr of the memory of the late Dr Richard Tolman, 
an mternationally known theoretical physicist and 
chemist who for years was dean of graduate studies 
at the Institute Dr Feynman is considered to be 
one of the world’s outstanding theoretical physicists 
for his contributions to the understanding of atomic 
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Structuies and quantum mechanics Recently, in 
collaboration with Dr Murray Gell-Mann, of the 
California Institute of Technology, he developed 
a theory of weak interactions, which govern the 
electron and positron m radioactivity Dr Feynman 
graduated fiom the Massachusetts Institute of Tech- 
nology and received his Ph D at Princeton University 
As a scientist with the Manhattan Projeet, he is 
credited with making important contributions toward 
developing the atomic bomb In 1954 he won the 
Albert Emstem award, one of America’s highest 
scientific honours 


Ministry of Supply Director of Materials Research 
and Development 


THE retuement of Dr H Sutton in August from 
his present post as dnector of Materials Research 
and Development (Am) marks the end of the full-time 
service of a most distinguished metallu gist who has 
given the whole of his professional hfe to the public 
service Dı Sutton was educated at King’s School, 
Macclesfield, took his first degree m chemistry at the 
University of Manchester, later the degree of M Sc 
and in 1935 he received the degiee of DSe In the 
First World War he served as research assistant to 
Prof C A Edwards, who was then the regional 
controller and adviser in Manchester to the Mmıstry 
of Munitions His departwe, therefore, severs one of 
the rare personal links of the present Ministry of 
Supply with one of rts predecessors, the Ministry of 
Munitions Jomuing the Royal Aircraft Establishment 
at Fainborough in 1918 he was appointed the head 
of 1ts Department of Metallurgy in 1925 a post he 
retamed until 1943 when he was transferred to the 
headquarters post which he has built up, largely 
through his own peisonal and professional qualities, 
to the rmportant posrtion 14 now holds m the field of 
Birtish metallurgy, especially in relation to ae o- 
nautics 

Dr Sutton was a pioneer m the work on he 
formulation and fabrication of light metal alloys, 
without which aircraft m them present form would 
not be known He was also early in foreseemg some 
of the special dangers to which they are subject ın 
relation to crack formation, brittleness and the lke 
Inlater years, while nevor discarding his first mterests 
in alummrum-based alloys, he has been forward in 
promoting work on titanrum and other possible more 
novel metals At the same time, as the scope of his 
duties has widened, he has seen to ıt that much 
attention has been given to the non-metallic materials 
that play so important a part m the construction of 
modern aircraft A prolific author of papers on 
metallurgical subjects published in most of tho 
metallurgical journals, he has been honoured durmg 
his career by the award of the Simms Gold Medal and 
the Silver Medal of the Royal Aeronautical Society 
He is a Fellow of the Royal Aeronautical Society, a 
founder Fellow of the Institution of Metallurgists and 
a member of all the relevant professional societies 
His professional advice has been widely sought by 
commuttees in government and industry and he has 
been unsparmg in forwarding those subjects to which 
he has devoted his life 


The Counal for Nature 


AT the recent annual general meeting of the Council 
for Nature the followmg resolutions were passed 

“The Couneil for Nature fully shares the great 
concern of naturalists m Britam at the threats to the 
remaining undeveloped areas of the country’s coast- 
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lme by industrial and other developments and con- 
siders that the importance of those areas, both for 
scientific study and for the conseivation of wild life 
no less than for the preservation of amenity and 
opportunities for recreation, calls for a halt to the 
process of spohation The Council therefore urges 
that a meetmg of the national bodies mterested m 
the matter should be convened by the Nature Con- 
servancy at an early date with a view to pressmg for 
vigorous action moludmg a review of the principles 
at present governing the sitmg of nuclear power 
stations 

“The Council for Nature welcomes the public- 
spirited action of a large firm of manufacturers in 
withdrawing recently then supplies of arsenical spray 
The Council, while recognizmg the need for the use 
of toxic sprays (subject to proper safeguard), urges 
the Government to control the wholesale application 
of agricultural sprays the cumulative effect of which 
1s still unknown, but which have been, or may be, 
damaging to so many plants and animals, including 
such useful insects as bees The Council urges further 
that the use of arsenical sprays should be prohibited 
or restricted forthwith, and that the Government and 
1ts agencies should give high priority to the research 
needed into the long-term effect of toxic sprays on 
the complex life of the countryside ” 


Canadian Institute of Oceanography 


THE Canadian Government as well as the univer- 
sities are showmg rapidly growing interest m the 
scientific study of the oceans An annual grant of 
90,000 dollars to Dalhousie Univexsity was made by 
the National Research Council of Canada, for the 
establishment of an Institute withm the University 
to teach and promote research (see Nature, 183, 1161 ^ 
1959) The Department of Mines and Technical 
Surveys has now announced its mtention to set up a 
new thiee-milhon dollar laboratory ın Bedford Basin 
at the head of Halifax Harbour only a few miles from 
the University The project means the buildmg up ın 
the neighbourhood of Halifax and Dartmouth of a 
strong centie for marme sciences It will melude the 
Atlantic and sub-Arctie sections of the Canadian 
Hydrographic Service, the oceanogiaphers, hydro- 
grapheis and geologists who work in the Arctic and 
the Atlantic Oceanographical Group of the Fisheries 
Research Board Ten new ships to serve them aie 
already being planned and the first, the C G S Hudson, 
costmg seven million dollars, 1s expected to be com- 
mussioned in 1961 The mam purpose of the new 
laboratory, which will be called the Bedford Institute 
of Oceanography, 1s to study the physics of the water 
and the sea bed, but provision is made for close co- 
operation and liaison among all aspects of the subject, 
and with the rapidly growing effort on the Pacific 
coast and work on the Great Lakes In making the 
announcement the Ministry of Mines and Technical 
Surveys stressed the importance of a better under- 
standing of the oceans to science, defence, commerce, 
and development of the country’s resources 


Reconstruction of Brazilian Library 


AN appeal for help to reconstruct the library of the 
Brazilian Centre for Physics Reseaich, damaged in a 
recent fire, has beon launched by Unesco and the 
International Atomic Energy Agency At a meoting 
of Unesco’s Executive Board in Paris ın June, Prof 
P de B Carneiro stated that the Centre’s collection 
of works on nuclear physics and higher mathematics, 
the only one of its kmd in Latın America, has been 
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almost entirely destroyed The Executive Board 
responded to the appeal by recommending a number 
of measures to provide international aid from Unesco, 
the International Atomic Energy Agency and the 
UN ‘Technical Assistance Admmustration The 
library has been added to the list of projects for which 
Unesco gift coupons may be given Universities, 
libiaries, technical institutes, non-government organ- 
izations, and governments of Unesco’s Member 
States have also been asked to contribute Organiza- 
tions or individuals wishmg to help in the restoration 
of the hbrary may write to Centro Brasileiro de 
Pesquisas Fisicas, 71 avenida Venceslas Braus, Rio 
de Janeiro, Brazil All offers of books, micro-films, 
extracts or other documentation should be made 
directly to the Centre Gufts of money may be sent 
in the form of Unesco Gift Coupons, about which 
information may be obtained from the Public Liaison 
Division, Unesco, Place de Fontenoy, Paris 7e 


Grants for U K Students 


THE 1959 Grants Year Book, the fow th to be issued 
by the National Union of Students (1959 Grants 
Year Book Local Education Authority Awards to 
Students Pp 107 London National Union of 
Students, 1959 2s 6d), comprises a detailed guide 
to the values of awards paid by the Mmustry of 
Education and the Local Education Authorities to 
students taking courses of higher education and to 
the regulations governmg those awards These 
details are arranged by counties and county boroughs 
and there are appended notes on university and 
technical college awards, on traming college awards, 
postgraduate awards of the Department of Scientrfic 
and Industrial Research, and other bodies An 
account of the new system recently mtroduced m 
Northern Ireland is cluded, and there ıs a general 
survey of awards, 1958-59, based on mformation 
received since November 1958 An mtroduction to 
the Year Book urges the importance of further 
expansion of the teacher trammg colleges and 
stresses the need for a national scale of minor awards 
assessed on the same basis and prmezples as the 
major awards to elimmate the present wide variation 
in minor awards for technical and similar couises 
Attention ıs directed to the wide variations between 
the local education authorities in number of awards 
shown by the Ministry of Education’s published 
statistics 


Research in Dairying 


Tr ıs not often realized that the mik produced m 
tho United Kingdom nowadays amounts to about 
2,200 millon gallons a year and ıs worth about £1 
milion a day An industry of such magnitude and 
importance surely deserves a first-class research 
service The fact that 16 has got such & service can 
be seen fiom the annual report of the National 
Institute for Research m Dairying for 1958 (pp 154 
Shinfield National Institute for Research in Dary- 
ing, University of Reading, 1959 4s) It is clear 
from the report that the Institute 1s making a very 
thorough study of the scientific prmeiples on which 
the art of damymg 18 based, by doing research work 
of a Ingh quality on fundamental problems, such as 
digestion and metabolism in the rummant, the 
biochemistry and physiology of milk secretion, and 
also on problems of an ummediately practical nature 
such as those concerned with the giowing of crops 
for feeding dairy cattle, the milling technique itself 
and many technical and engmeermg problems 
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associated with the handlmg and processing of nulk 
and the manufacture of milk products The report 
contains an mformative description of the work that 
18 bemg done m each department of the Institute, 
and some of the more significant of the recent findings 
are summarized ın à brief outlme which gives nforma- 
tion on about thirty of the many different items 
under investigation A well-deserved tribute 1s paid 
to Prof H D Kay, who retired last year after bemg 
director of the Institute for more than twenty-five 
years, and also to the Earl of Iveagh, who has 
resigned from the board after a long period of sei vice 
m which he did so much for the welfare of the In- 
stitute and its staff The report moludes a detailed 
list of 182 papers that were published m the period 
under review 


Mathematical Games 

AmoneG the many aspects of Japanese culture that 
have recently engaged the interest of Americans is 
‘origami’, the ancient Japanese art of paper-folding 
Several books on the subject aro now available in 
English, an origami workshop flourishes m Manhattan 
and the country’s first papei-foldmg exhibit was 
open to the public at Cooper Union’s Museum for 
the Arts of Decoration m New York (Serentific 
American, 201, No 1, July 1959 ) 

The origins of origami are lost in early Oriental 
history Folded-paper birds appear as kimono 
decorations in eighteenth-century Japanese prints 
but the arb 1s many centuries olde1 ın both China and 
Japan At one time it was considered an accom- 
plshment of refined Japanese ladies , now its chief 
practrtioners seem to be geisha gnls and Japanese 
children who learn it m school Durmg the past 
twenty years there has been a marked upsurge of 
interest in origami: m Spam and South Ameca 
Traditionally, origami 1$ the art of folding realistic 
animals, birds, fish and other objects from a single 
sheet of paper, without cutting, pasting o1 decorating 
The attraction of origami lies m the extraordinary 
realism that can be obtamed with nothmg more 
than a square of paper and pair of deft hands A 
sheet is folded along geometrical hnes Suddenly 
1t 1s transformed into a delicate piece of miniature 
semi-abstract sculpture of considerable beauty 

In view of the geometrical aspect of paper-folding, 
1b is not surprising that many mathematicians have 
boen fascinated by this art Lewis Carroll for 
example, was an enthusiastic paper-folder The 
literature of recreational mathematics mcludes many 
booklets and articles on. folded-pape: models, mnelud- 
ing those curious toys called flexagons The foldmg 
of regular polygons, though not part of classic origami, 
is a challenging classroom exercise The equilateral 
triangle, square, hexagon and octagon are quite easy 
to fold, but the pentagon offers special difficulties 
Paper can also be folded to produce tangents that 
have as ther envelope various low-order curvos 
The parabola is particularly easy to demonstiate 
Closely 1elated to this folding procedure an interesting 
problem in elementary calculus can be demonsti ated 
The most 1emarkable of all origami constructions 18, 
however, the bird that flaps its wings A number of 
origami animals have action features a fish that 
opens ats mouth, a fiog that hops when its back ıs 
stroked, and so on 


International Combustion Symposium 


THE report of the Seventh Symposium (Inter- 
national) on Combustion, the first of the Inter- 
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national Combustion Symposia to be held outside 
the United States, has been published (Pp xxvi+ 
959 London Butterworths Scientific Publications, 
1959 224s) It contams 124 origmal papers presented 
dumg August 29-September 3, 1958, at Oxford 
Few who have a serious interesb in combustion 
will fail to profit from a study of its pages The 
largest of the eleven groups of papers concerns 
the chemistry of combustion reactions, and there 
are thres important groups devoted respectively to 
deflagiation, detonation and combustion m flowing 
systems Smaller sections are concerned with 
spectroscopy, ionization and turbulence in flames, the 
last contaming particularly welcome contributions to 
a difficult and, until recently, neglected subject. The 
section on ignition and limits of mflammability 
attracted mamly papers on the former subject, while 
that on the mteraction of flames with surfaces proves 
to be a repository for papers on a variety of loosely 
related topics The section on special fuels ıs 
disappomtingly short and the final group of papers 
on instrumentation ıs characteristically muscel- 
laneous 

The editors and publishers are to be commended 
on at least two counts For the fist tame the volume 
appeared with a delay of little more than six months 
after the meetings Furthermore, there 1s for the first 
time a rational and almost complete record of the 
discussions One suggestion stil remammg to be 
implemented ıs that the papers should be provided 
with a uniform type of summary or abstract Will 
the Eighth Symposium book display every virtue of 
its kind? The present volume has not fallen far 
short of domg so 


Computer Applications 


THE 1iepoit of the proceedings of the fifth annual 
Computer Applications Symposium, held m Chicago 
durmg October 29-30, 1958, has now been published 
(pp x+153 Chicago, IN + Armour Research 
Foundation of Illmois Institute of Technology, 1959 
3 dollars) It covers the whole range of applications of 
computers and some two-thirds of the papers are 
concerned with data processing or computer organ- 
ization, even though sometimes labelled as engmeer- 
ing and scientific, as, for example, the papers by 
R A Haertle on “Use of a Computer in the ‘AC’ 
Spark Plug Division of General Motors”, and by 
E M Chastam and J C McCall on “Computer 
Sharmg by a Group of Consulting Engmeering Firms" 
At first reading ıt would appear that the United 
States ıs much ahead of Britam technically in 
dealing with data processing and large-scale scientific 
work, but perhaps ıt is m the attitude of mind to- 
wards application of the computer to this type of 
work that Britain is really behmd The breadth of 
vision shown ın papers such as that of Col Elett, 
dealmg with the data processing for aw material 
command, and the willmgness to attempt the ‘blue 
skies’ approach indicated both there and m the paper 
by R D Whisler on work at Johnson's Wax, 1s 
very impressive It contrasts markedly with the 
timid and hesitating steps bemg taken m Britain 
and ıs a measure of the confidence now felt in the 
United States in the capacity of computers to carry 
through data processing economically On the tech- 
nical side, one or two papers are of particular interest, 
such as that of R W. Hamming on “Frontiers of 
Computer Technology”, and that of W F Bauer on 
“The Future of Automatic Programmung" On the 
whole, 16 ıs an interesting report, but not of special 
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interest to the general scientific reader, except to 
demonstrate the very wide field over which com- 
puteis are now applied 


Guatemalan Flora 

Tse Flora of Guatemala is continued with a part 
devoted to a number of families of Gymnosperms and 
Monocotyledons, including the large Cyperaceae, 


Palmaceae, Araceae and  Bromelaceae (Chicago 
Natural History Museum Fieldiana Botany 
Vol 24, Part 1 Flora of Guatemala By Paul C 


Standley and Juhan A. Steyermark Pp 1x+478 
(121 figures) (Chicago, Til Chicago Natural 
History Museum, 1958) 8 dollars) There ıs a 
number of helpful illustrations It must be remem- 
bered that this work also deals with the flowering 
plants (and them vernacular names) of British 
Honduras, ‘‘smce on both geographie and botanical 
grounds it ıs essentially a pait of Guatemala" This 
part opens with a plan of the Flora, and mentions 
certam. aieas of Guatemala which still need further 
exploration 


Space Projectiles 


Tue Russian journal Priroda has recently pub- 
lished a series of articles dealmg with various 
types of space projectiles launched in the Soviet 
Union and the type and methods of observations 
connected with these projectiles Thus Y L Alpert 
(10, 71, 1958) discusses the study of the ionosphere, 
V I Krasovsky (12, 71, 1958)—the study of the 
upper atmosphere, A E Chudakov (12, 88, 1958)— 
the study of photons, N A Dobrotm (1, 57, 1959)— 
the study of cosmic rays, N S Yakhontova (4, 5, 
1959) presents an account of the small artificial 
planet launched in January, and, finally, V L Kurt 
(5, 74, 1959) discusses the artificial luminous sodium 
comet 


New Radioisotope Training Programme 


Tae Atomic Energy Commission of the United 
States has announced a new progamme which will 
provide students of undergraduate colleges with the 
opportunity for specialized traming in the techniques 
of using radioisotopes The new programme will 
utilize a mobile training laboratory which can be 
moved to the college campus for presentation of a 
short (two-week) concentrated course on the basic 
techniques of handling radioisotopes The laboratory 
will be sumar to one presented last year to the 
International Atomic Energy Agency by the United 
States Further information is available from 
University Relations Division, Oak Ridge Institute 
of Nuclear Studies, PO Box 117, Oak Ridge, 
Tennessee 


Animal Health Trust Awards, 1959-60 


Tre Animal Health Ti ust has announced the follow- 
ing senior awards foi the period 1959-60 Wellcome 
Fellowships Mr P H Lamont to undertake mvesti- 
gation. of enteroviruses of the pig, and therr possible 
role, 1n. disease, at the Department of Animal Patho- 
logy, Cambridge, under Prof W I Beveridge, Mi 
I R Falconer to study thyroid-ovarian-pituitary 
interrelationship at the Department of Buological 
Chemustry, University of Aberdeen, under Dr H A 
Robertson  Vitamealo Fellowship This new award 
was founded to commemorate the 70th birthday of 
Lord Rank and his close association with Vitamins, 
Ltd, by whom it was given The first recipient 
is Mr D B Ross, who 1s to continue work on some 
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of the more fundamental aspects of magnesium 
metabolism, particularly mtestinal absorption Inuti- 
ally Mr Ross will work at the Department of Animal 
Pathology, Cambridge Research Travneng Scholar- 
ship Mr W A G Charleston to undertake an 
investigation into the mechanies of the quadrupedal 
vertebral column, with special reference to the dog 
and the cat, under Prof C W Ottway at the Depart- 
ment of Veterinary Anatomy, University of Bristol 
Eight Evans Fmal Year Scholarships have also been 
awarded 


The International Nickel Company of Canada, Ltd., 
Fellowship 


Tar establishment of a fellowship to honour the 
visit of HM the Queen and HRH Prince Philp, 
Duke of Edmburgh, to the nickel mines in the Sud- 
bury area has been announced by the International 
Nickel Company of Canada, Ltd, and the Canada 
Counei (the latter bemg a body established by the 
Canadian Government for the encouragement of the 
arts, humanities and social sciences) The fellowship 
will be called "The Queen Elizabeth II Fellowship 
(The International Nickel Company of Canada, 
Limited, Royal Tour, 1959)’ The award will be a 
postdoctoral fellowship tenable for two years 
Research can be undertaken in the chemistry or 
physics of metals, geophysics, geology, metallurgy, 
mmeralogy, ormmmg Candidates must be Canadian 
extizens and holders of a doctor's degree and the 
fellowship must be held at a Canadian university 
The International Nickel Company has deposited 
15,000 dollars with the Canada Council, which will 
supervise all arrangements for the fellowshrp 


The Night Sky in November 


Furt Moon occurs on Nov 15d 09h 42m ut 
and New Moon on Nov 30d 08h 46m The followmg 
conjunctions with the Moon take place Nov 4d 
16h, Saturn 5° S , Nov 27d 02h, Venus 0 6° N 
In addition to these conyunctions with the Moon, 
Mercury 1s m conjunction with Jupiter on Nov 7d 
10h, Mercury being 3 4° 8, Mercury with Antares 
on Nov 10d 05h, Mercury being 2 0° N, Jupiter 
with Antares on Nov 15d 16h, Jupiter bemg 
5 2° N, Mercury with Jupiter on Nov 17d 06h, 
Mercury bemg 21° S, Mercury with Antares on 
Nov 17d 21h, Mercury bemg 3 3° N, and Venus 
with Spica on Nov 30d 05h, Venus bemg 4 5° N 
Mercury ıs too close to the Sun for observation 
Venus ıs à morning star, rismg at 2h 35m, 2h 55m 
and 3h 25m on November 1 15 and 30, respectively , 
its stellar magnitude ıs —4 0 Its distance moreases 
durmg the month fiom 55 to 77 million miles and the 
visible portion of the apparent disk increases from 
0 443 to 0 598 Mais and Jupiter are too close to 
the Sun for observation Saturn sets about 2 hr 
after the Sun, and will be visible low in the south- 
west after sunset, conditions are not favourable for 
observation  Occultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich Nov 4d 17h 476m, Y Sgr (D), 
Nov 5d 17h 23 7m, p Sgr (D), Nov 14d 3h 
53 9m, E Au (D), Nov 16d 18h 32 0m, « Tau 
(D), Nov 16d 19h 28 9m, « Tau (Rk) D and R 
refer to disappearance and reappearance, respectively 
The Taurid meteors are active during the first fort- 
mght of the month, conditions bemg moderately 
favourable, the radiant is near RA 3h 36m, 
Dee + 14° The Leonids are active during November 
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15-17, but conditions are unfavourable for observa- 
tion 


Announcements 


Tue first Polarographie Society Medal has been 
awarded to Prof J Heyrovsky for his discovery of 
the polarographic method in the nineteen-twenties 
and for the subsequent major contributions to the 
subject by himself and his students 


Dr W M Hameron, of Chance Brothers, Ltd, 
will deliver the Fifth Chance Memorial Lecture of 
the Society of Chemical Industry under the title 
“The Development of Furnaces for Glass Melting” 
The Lecture will be delivered on February 9 m 
Brmungham 


Dr Arnstzy Iaco, of the Department of Physio- 
logy, University of Edmburgh, has been appomted 
by the Royal Society to a Locke Research Fellowship 
Dr Iggo will continue his research at Edinburgh on 
unmyelmated afferent nerve fibres them peripheral 
specificity and thew central connexions 


Pror A L HopGxiw, Royal Society research 
professor in the University of Cambridge, and Prof 
R Milnes Walker, professor of surgery in the 
University of Bristol, have been appointed members 
of the Medical Research Council in succession to 
Prof R C Garry and Mr H J Seddon, who are 
retirmg after ther normal four-year term of service 
The Committee of Privy Council has also recently 
appointed Su Hugh Linstead as the House of 
Commons member of the Council ın succession to 
the late Richard Fort 


Tue Bibhography of Scientific Publications of 
South and South-East Asia for June 1959 (No 6, 
Vol 5) compiled jomtly by the Unesco Science 
Co-operation Offices for these areas and published by 
Insdoe, National Physical Laboratory, New Delhi, 
lists by subject a further 102 titles 


THE Committee on Fue Research and the Fne 
Research Conference of the Division of Engineermg 
and Industrial Research of the U S National Academy 
of Scrences—National Research Council is planning 
a two-day mternational symposium on the theme 
“The Use of Models ın Fire Research”, to be held at 
the National Academy of Sciences imm Washington, 
DC, durmg November 9-10 Further mformation 
can be obtamed from Mr D W Thornhill, Executive 
Secretary, Commuttee on Fire Research and Fire 
Research Conference, National Academy of Sciences, 
2101 Constitution Avenue, Washington 25, D C 


AWARDS foi study m statistics by persons whose 
primary field 1s not statistics but one of the physical, 
biological or social sciences to which statistics can be 
applied are offered by the Department of Statistics 
of the University of Chicago The awards 1ange fiom 
3,600 dollars to 5,000 dollars on a nme months basis 
or 4,400 dollars to 6,000 dollars on a basis of eleven 
months The closmg date fo: application for the 
academic year 1960-61 ıs February 15, 1960 Further 
information can be obtamed from the Department 
of Statistics, Eckhart Hall, University of Chicago, 
Chicago 37, Illinois 


Erratum In the communication entitled ‘Incor- 
poration of pL-[2-4C] Mevalonic Acid Lactone into 
Polyisoprene", by R G O Kekwick, B L Archer 
et al, m Nature of July 25, on p 270, col 1, Ime 1, 
for “active” read “inactive” 
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THE NATIONAL PHYSICAL LABORATORY 


HE National Physical Laboratory held two open 
days on May 27-28, when about 3,500 guests 

fiom industry, the universities and Government 
departments viewed 150 exhibits covermg the main 
items of the current research programmes As last 
year, the exhibits were chosen to illustrate certam 
selected topics, but arrangements were made for 
visitors to discuss with specialist members of the 
staff items of work not on display 

The nme scientific divisions of the Laboratory 
function largely as independent units, but imn a 
number of cases the programmes mvolve close col- 
laboration between divisions This 1s particularly the 
case with the work of Mathematics Division, much 
of the work of which consists of providing advice 
and computing facilities to other divisions Excellent 
examples of the fruitfulness of such collaboration 
were seen in the work on machine-tool control by 
the use of diffraction gratings, shown by the Light 
Division, and in a new infra-1ed spectrometer ex- 
hibited by the Basic Physics Division 

The measurement of fundamental standaids has 
always been one of the basic responsibilities of the 
Laboratory, and a reorganization of Divisions in 
1958 brought such measurements mainly within the 
fields of the Standards and Applied Physics Divisions, 
with the newly created Basic Physics Division. con- 
cerned with more fundamental research m some 
newer fields 

In an experiment designed to measure the gyio- 
magnetic ratio of the proton, apparatus for which 
was exhibited, the Standards Division is extendmg 
its field of endeavouring to relate measurement to 
atomic constants A magnetic field about twenty 
times the strength of the Earth's field 1s produced by 
means of a known electric current in wire coils of 
known dimensions At tbe centre of the coil system 
a spherical container 1s filled with water, the source 
of the protons The latter are polarized in a direction 
perpendicular to the known field by a current main- 
tamed for a few seconds in a coil surrounding the 
sphere When this polarizmg field 1s removed the 
protons return to a state of equilibrium over a period 
of about 2 sec, durmg which time an emf 
1s induced in the polarizmg coil, now used as 
a pick-up coil The frequency of this em f, about 
40 ke [s , 18 measured, and from ıt and the known 
applied field the gyromagnetic ratio ıs calculated 
This constant 1s of mmportance for definmg stronger 
magnetic fields, which may then be used for the 
determination of e/m for fundamental particles 

The tendency to relate all standards to more funda- 
mental quantities 1s also seen in the use of mono- 
chiomatic radiation as a fundamental standard of 
length The precise mtercomparison of wave-lengths 
has thus become of increased importance, and a 
high-resolution spectrometer for this purpose was 
shown It uses the method of ai-pressure variation 
to scan the frmges of a Fabry—Perot mterferometer, 
but, since the instrument ıs illummated with light of 
the two wave-lengths to be compared m very rapid 
alternation, ıt is not necessary to measure the 
absolute pressure of the air very exactly In syn- 
chronism with the rotating ‘chopper’ shutter the 


output of the recerving photomultiplier 1s switched 
to two amplifiers Errors due to changes of source 
intensity are eliminated by an additional photocell 
measuring the ratio of transmitted to meident hght 
The variation m intensity of the centre frmge with 
pressure for the two sources bemg compared 1s 
recorded on a chart 1ecorder Arrangements are also 
fitted for digitizmg the records on punched tape, 
which can then be fed to a computer for Fourier 
analysis to obtain data on phase shifts at the semi- 
reflecting surfaces and other information The 
instrument will be used for comparisons of standard 
wave-lengths, measurements of isotope shifts and 
work with sources at hquid-helimm temperatures 

Another new field of standardization, undertaken 
in the Applied Physics Drvision, 1s that of neutron 
sources, required to produce known neutron fluxes 
for work in problems of reactor design The strengths 
of the sources are compared by suspending them 
overnight by a fine thread at the centre of a large 
spherical container filled with manganese sulphate 
solution A correction 1s apphed for the neutrons 
escaping from the vessel The amount of man- 
ganese-56 produced ıs determmed by  B-decay 
measurements, which are compared with those 
obtamed after the addition of a known amount of 
active manganese to the same contamer It is also 
hoped to obtain a confirmatory measurement from 
the amount of helium produced in three sources 
over a period of time Six British sources have 
been compared with a Canadian standard 

The same Division has several rooms specially 
designed for the measurement of sound, but this 1s a 
field ın which subjective measurements are of more 
than usual immpoitance The results of extensive 
expermments on the loudness of directional sound 
fields, as measured by pressure at the lstener’s ear, 
weie shown Such measurements, however, do not 
indicate the total loudness to a listener, owing to the 
additive effects of both ears Charts were also shown 
for a group of observers, showing that the directional 
arrival for maximum loudness vares m a com- 
plicated way with frequency An approximate 
binaural summation theory has been developed, 
from which some calculations of loudness have been 
made, these compare farrly well with the results of 
duect measu ements 

The newer programmes 1n the Basic Physies Division 
ale only now coming into operation An mterestmg 
infra-red spectrometer of novel type, for study of the 
wave-length region 50p-1 mm, was shown Ths 
region is of particular mmportance in the theory of 
superconductors and of radiation from the Earth's 
atmosphere A Michelson interferometer ıs used to 
scan the spectrum, the output intensity being recerved 
by a Golay cell The resulting interferogram ıs then 
translated mto a spectrum by digitizing the informa- 
tion and feeding to a computer The instrument has 
considerable advantages over a conventional mfra- 
red spectrometer in speed m a typical example the 
range 100-300 was observed in 25 mun, with a 
resolution of 0 4 cm -!, and computed m 5mm _ Ib 
1s hoped that with further development corresponding 
advantages in resolution will also be obtamed 


774 


The same Division also showed an ultiasonic 
goniometer In this device the critical angle of 
reflexion of an ultrasonic wave (5 mo [s ) incident 
upon an area of about 1 em ? of the surface of the 
specimen 1s measured In metals of marked elastic 
anisotropy, any preferred orientation introduced. 
during fabrication can be detected from the chango 
in this critical angle It 1s, for example, in some 
cases possible to determine the rolling direction of a 
plate By varying the frequency of the incident 
wave (2-15 me [s ) some information on the depth of 
surface effects m texture can be obtained 

In the Metallurgy Division results of importance m 
the fundamental theory of metals are being obtained 
from transmussion electronmicrographs of thm iron 
foils Strrp, 0 02 1n. thick and representative of bulk 
material, 1s thinned by electropolishmg to 2-3000 A , 
at which thickness electrons can penetrate 1t The 
idea that m alpha on two dislocations with <111> 
Burgers vectors unite to form one <100> dislocation 
with a saving of energy has been confirmed by the 
observation of a hexagonal network formed by the 
interaction of two dislocation systems Distortion m 
parts of this network, shown in some of the photo- 
graphs exhibited, can also be explained in terms of 
the interaction of stranger dislocations Photographs 
were also shown of precipitates, about one hundred 
atoms thick, growing from. a supersaturated alloy m 
dendritic form on dislocations 

The recording of creep strain data ıs often a major 
item m the programme of a large metallurgical 
laboratory, and a new electrical recording extenso- 
moter, developed in the Division, promises to smmplify 
this problem The movements of the extensometer 
are measured by the changes m inductance m a 
linear differential transformer fitted to the extenso- 
meter limbs ‘The transducer is built mto a bridge 
creut, m which an electronic detector 1s used to 
determine the balance conditions, and measurements 
are independent of zero drift or changes in ampli- 
fication Long-term stability, of great importance in 
tests lastmg 10,000 hr or more, 1s dependent only on 
the stability of the transducer and resistors Other 
advantages of the equipment, the sensitivity of which 
1s comparable with that of a mirror extensometer, 
are the possibility of measurements over a large 
range of stram without readjustment, and the 
application of automation to the recording of the 
data 

Other Divisions of the Laboratory are concerned 
more with developments in applied science, with 
particular reference to problems of interest to 
industry, and Control Mechanisms and Electronics 
Division demonstrated a technique for the manu- 
facture of radial coded plates for recoiding digitally 
the instantaneous position of a revolving shaft The 
individual code zones are generated curcumferentially 
in succession, by optical reduction from a 35-mm 
film m conjunction with a dividing machine, and the 
precision of the latter 1s the limiting factor m the 
angular resolution obtamed This process 18 much 
quicker, particularly for complicated code systems, 
than earlier methods of programmung a set of events, 
for example, lamp flashes, to produce one element of 
all the code zones simultaneously m a radial direction 
An example was shown of an eighteen-code system 
with a resolution of 0 01° and a total radial width 
of 01m 

An appheation. of radial diffraction gratings was 
shown m a system for measuring the torque i a 
rotating shaft Each end carned a radial grating in 
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conjunction with a similai stationary giating, pro- 
duemg an alternating signal by mterruption of an 
optical beam Any torque on the shaft 1s manifested 
as a phase difference between the signals from the 
two ends, such a system 18 sensitive to a few seconds 
of arc 

In addition to the work on the use of diffraction 
gratings m machie-tool control, several novel uses 
of the interferometiic principle were exhibited by the 
Light Division, a Kosters prism bemg used as a 
compact Michelson interferometer When used to 
measure the angle of tilt of a reflecting surface by 
the alignment of white light frmges such a system 1s 
sensitive to 1/10 sec of are The mstrument, with 
both coarse and fine adjustments to facilitate setting, 
has possible applications m engineermg metrology 
The Kosters prism 1s also used as a reverse shearmg 
interferometer for testmg the revolution symmetry 
and asphericity of large mirrors In another method, 
m which no test plate or comparison system 1s 
needed, such larger systems are examined by the 
superposition of the scattered hght from two identical 
plastic scattermg screens The interference colours 
seen on the murror indicate directly to a millionth 
of an inch how far each pomt of the surface 1s above 
or below that of an imaginary perfect sphere 

The work of the Aerodynamies and Shrp Divisions 1s 
from the nature of their subjects rather more special- 
ized than that of other divisions Perhaps the field 
of greatest topical interesb on display in Aero- 
dynamics Division. was that concerned with the new 
aerodynamue problems that occur m hypersonic flow 
(that 15, at speeds greater than about five times that 
of sound), particularly those associated with the 
temperature of several thousand degrees centigrade 
that arise from aerodynamic heating The Division 
is developmg a shock tunnel, m which the flow 
duration is about a millisecond, and a ‘hotshot’, m 
which about twenty times this flow duration can be 
obtained Two small shock tubes were shown in 
which spectrogiaphic and microwave techniques are 
bemg developed for tempersture measurements and 
for studying the effects of dissociation and 1omzation 

Also of current interest ıs the design of slender 
wings, the planform and section shape of which com- 
bine to give the required low diag at cruismg speeds 
of about twice the speed of sound, together with 
satisfactory stability characteristics and good landing 
and take-off performance Vortex-type flow separa- 
tions from sharp edges are being studied m transonic 





Fig 1 Vortex wake behind a swept-back wing at low speeds as 
shown by a tuft grid placed behind the model 
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and supersonic flow, and appear to behave m a 
iemarkably simuar way to those at low speeds 
(Fig 1) The work shown included detailed quanti- 
tative explorations in a low-speed tunnel and flow 
visualization experiments on a wing oscillating m a 
water tunnel in which quehtative observations were 
bemg made on the flow 1n these dynamic conditions 

Results were also displayed fiom an extensive 
series of investigations into the aerodynamic design 
of swept wings for amcraft to cruise imm the Mach 
number range 0 8-12 A special design of wing 
section has been developed to delay the drag 11se 
that occurs at iransonie speeds, and methods of 
combmuing a high drag-rise Mach number with a large 
drag-rise/buffet margin are bemg sought To enable 
drag-rise and buffet boundaries to be predicted, a 
semi-empirical theory has been developed for cal- 
culating pressure distributions im two-dimensional 
transonic flow The effects of wing planform, camber 
and twist have also been studied, together with the 
design of the junction between wing and fuselage, 
with the object of maintaining the full sweep of the 
isobars over the whole of the wing span One of the 
biggest pioblems is to reduce the required body 
“waisting’ to an amount acceptable for ervil aircraft 

Reseaich displayed on boundary-layer and shear 
flows included theoretical and expermnental mvesti- 
gations mto the mechanics of transition followmg 
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the non-hnear growth of small disturbances, measure- 
ments of surface friction, and studies of turbulent 
boundary-layer development, wall jots, pipe flow, and 
the flow up an abrupt step at a Mach number of 2 5 

As part of a long-term programme of research into 
ship vibration, the Ship Division demonstrated 
apparatus for determining the characteristics of the 
oscillatory pressure distribution around model pro- 
pellers <A large dynamometer for propellers up to 
24 m im diameter measures torque and thrust elec- 
trically by movement of a balanced armature trans- 
former, connected to a bearing in & helical slot on the 
shaft ın one case, and to a flexible coupling allowing 
only axial movement m the other A new 12-in 
open dynamometer was also displayed this has a 
capacity of 5 lb /ft torque and 50 Ib thrust at 0 to 
2,000 r p m . torque bemg measured by balancing the 
ieaction on the motor casing, and thrust by balancing 
the axial load on the shaft Both components aie 
measued by dead-weight and spring systems, 
recording on a built-m chart recorder 

On the Lithgow water tunnol, techniques for auto- 
matic data recording and analysts have been installed 
Measurements of the physical quantities are con- 
verted into either rotation of a shaft or mto voltages 
shaft digitizers or digital voltmeters then turn these 
into coded electrical pulses suitable for feeding to 
computers 


INDUSTRY RESEARCH ASSOCIATION 


NEW LABORATORIES 


HE official opening of the newly built laboratories 
of the British Glass Industry Research Associa- 
tion by the Right Hon the Earl of Halifax, chancellor 
of the University of Sheffield, which took place on 
June 6, marked a noteworthy stage ın the develop- 
ment of industrial research for the British glass 
industry Co-operative research has been continuously 
expanding since the inauguration by W E S Turner 
of a Department of Glass Manufacture in the Univer- 
sity of Sheffield ın the autumn of 1915 Prof Turne, 
then a lecturer m chemistry m the University, 
pioneered the establishment of a centre of organized 
scientific research into the physical and chemical 
properties of glass, to provide technical and scientific 
advice to the mdustry, and to include facilities for 
teaching Under his mfluence and professorship (he 
occupied the chair from its mauguration m 1920 
until his retirement m 1945) the Department of Glass 
Technology, as ıt was renamed, became known and 
respeeted throughout the world by those interested 
in the manufacture and use of glass 
In his early endeavour to found the Department 
of Glass Manufacture, Turner received great en- 
couragement from his professor, the late W P 
Wynne, who loaned him a small chemical laboratory 
for his mvestigations and a tiny attic to house his 
glass-melting furnace He also received the enthusias- 
tac support of glass manufacturers—particularly those 
of south Yorkshire and of Lancashire With ancrease 
of work and staff, Turner expanded his Department 
to occupy first a section of the applied science building 
of the University, and when this became insufficient, 
the site of a derelict glassworks ın the Atterchffe 
district of the city The latter site was occupied 


until 1938 when, with the financial support of 
the glass mdustry, the present Department was 
built by addition to a large house occupying 
extensive grounds adjommg the mam University 
territory 

After the Second World War it became apparent 
that the requirements of industrial investigations, 
and that part of the research work which formed 
their immediate background, involved so much time 
that staff could not efficiently conduct them com- 
cidentally with teachmg and long-term research 
duties Prof H Moore, who succeeded Prof Turner 
on his retirement in 1945, therefore advocated the 
establishment of a research association as a separate 
entity, the function of which would be to attack the 
industrial and development problems, leaving the 
University Department free to concentrate upon 
fundamental research and the education of glass 
technologists On the retirement of Prof Moore m 
1955 this plan was adopted, Prof R W Douglas 
being appointed to the chair of glass technology, and 
Dr R G Newton as director of the newly formed 
Research Association From this time until the occu- 
pation of its new buildmg in January 1959, the 
Research Association's staff was successfully accom- 
modated in the University Department's building, 
despite the rapid expansion of both organizations 
The foregomg will have indicated the close connexion 
between the University, the Research Association 
and the glass mdustry. the new buildings of the 
Research Association, built to the design of Prof 
Stephen Welsh, now stand adjacent to the University 
Department, which will enable the close connexions of 
the past to be maintamed in the future 





Fig 1 


The British Glass Industry Research Association 
1$ supported by eighty-nine subscribing member firms, 
forty-seven of which are engaged in glass melting, 
the remainder being closely associated with glass 
manufacture through the supply of raw materials or 
are connected with the manipulation of fabricated 
glass, as, for example, the formation of articles from 
glass tubing ‘The strong backing of the British Glass 
Industry Research Association by industry 15 denoted 
not only by the fact that approximately half its 
income 18 derived from members’ subscriptions but 
also from the fact that the forty-seven members pre- 
viously noted as bemg concerned with the actual 
melting of glass together melt 98 per cent of the total 
glass melted in the United Kingdom Strong fin- 
ancial support 1s also provided to the Association 
by the Department of Scientific and Industrial 
Research 

Followmg the opening ceremony, members and 
guests of the Association were mv ited to tour the new 
building and mspect numerous exhibits which illus- 
trated the type of work being carried out by the 
Research Association The laboratories are section- 
alized to conform so far as possible with the type of 
problem to be dealt with The two-story building, 
which has a total superficial area of 20,000 sq ft, 
is of ‘L’-shaped plan, the ground-floor housing 
administrative offices, a section dealing with fuel, 
furnace and mstrumentation problems, laboratories 
for the study of glass technological problems, a 
refractories section, and a furnace room with its 
associated batch mixmg shop The furnace room 1s 
sited at the extreme end of the wing and occupies 
a single story only so that heat and noise will not 
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The British Glass Industry Research Association Laboratories 


impede the work of other sections The first floor 
is occupied by a reference library and information 
section, with associated reading rooms and meeting 
room, work study section, drawing office, and with 
the physical and chemical laboratories Each of the 
latte. two sections is subdivided into mam and 
subsidiary laboratories In the chemical section, for 
example, a separate division has been made to enable 
the durability of glass to various attackmg media 
to be studied without the influence of the general 
atmosphere of the mam chemical laboratory  Muffles 
and lead-lined fume cupboards for decomposition 
with hydrofluoric acid have also been segregated, and 
a separate division for spectiographic work has been 
provided 

A semi-basement extending beneath approxt- 
mately half the ground-floor area contains an ex- 
cellently equipped workshop, a pot room and a pot 
drying-room for the manufacture of small melting 
pots and other refractory articles The remainder of 
the basement area ıs given to storage space, boiler- 
house, and a glass grinding, cutting and polishing unit 

Numerous demonstrations ilustratmg the type of 
work done by individual sections were presented, of 
which only a limited number may be mentioned 
within the compass of this short review The fuel, 
furnace and mstrumentation section demonstrated 
methods of surface temperature measurement and 
the estymating and recording of oxygen content of 
waste gas from furnaces, together with results of 
furnace heat surveys carried out at member-firms’ 
factories with the view of assessing furnace perform- 
ance under varymg conditions The physics section 
demonstrated laboratory apparatus for the determ- 
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ination of tensile strength and thermal expansion, 
the latter by instrumental recording of the rate of 
expansion, thus eliminating the necessity for lengthy 
periods of direct observation This section also 
demonstrated a pressure test rig for glass panels m 
which deflexions from fifty mdividual pomts on the 
glass surface were simultaneously displayed on scale 
instruments and cme-photographed at second mter- 
vals during the loadmg cycle The performance of 
different types of refractory materials for glass 
furnace construction had been the subject of investiga- 
tion by the refractories section, and a demonstration 
of a corrosion-erosion test rig was given The glass 
technology section showed a novel rotatmg hearth 
furnace designed to give identical thermal treatment 
simultaneously to a number of experimental glass 
batch mixtures This apparatus ıs to be used fo 
study of the mfluence of 1aw materials on the rate 
of founding of glass The chemical section, in addition 
to numerous examples of analytical techniques m 
silicate analysis, demonstrated apparatus for the 
determination of the durability of glass to aqueous 
attack, and gave an excellent demonstration of the 
analysis of gaseous molusions m glass The demon- 
stration showed methods of extraction of mmute 
bubbles of gas from sohd glass and of their analysis 
to the component gases carbon dioxide, carbon mon- 
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oxide, sulphur dioxide, sulphur trioxide and oxygen. 
Such studies have an important bearmg on the problem 
of meltmg high-quality glass at maximum rate The 
work-study section illustrated the use of one-second 
interval cme-photography for the study of manual 
operators in factories, and has shown that this 
technique can prove of value when a number of 
individual manual operations have to be co-ordinated 
with each other or with the operation of a machine 

Speakers at the official luncheon marking the 
opening ceremony reviewed the origin and future 
objectives of the British Glass Industry Research 
Association Dr L H A Pikmgton, chairman of 
the Council of the Association, directed attention to 
the man-power deployed on research m glass tech- 
nology at the present time, estimating this to be 
some 200-250, and forecasting that the figure would 
increase to 750-900 within a five-year period 
Although smaller ın numbers than a force of some 
750 at present employed m research by four of the 
largest glass manufacturmg firms of the United 
States, these men managed to keep us abreast of 
developments m many fields and definitely ahead ın 
some Mr A W Clark, chairman of the Glass 
Manufacturers’ Federation, referred to the value of 
research associations to smaller firms the resources 
of which could not justify individual research units 


COIL SPRING FEDERATION RESEARCH ORGANISATION 
NEW LABORATORIES 


HE Coil Spring Federation Research Organisa- 
tion, which has been in existence for fourteen 
years, has for the majority of this time confined 
‘ts research activities to extra-mural work ın univer- 
sities, although the long-term aim of the spring 
mdustry has always been to operate its own research 
and development laboratories while mamtammg 
the close Imks ıt has established with universities 
Thus has now been achieved by the setting up of a 
new research centre, the construction of which has 
oeen financed from reserves set aside for the purpose 
The two-story laboratory block recently completed 
m Doncaster Street, Sheffield, 1s probably the most 
somprehensive of 1ts kind for research into all forms 
of sprmgs and spring materials 
The ground floor, 1n addition to the usual reception 
facilities, contains laboratories for heavy-fatigue 
sesting, general mechanical testing, experimental heat 
sreatment and electroplating In the fatigue testing 
aboratory are housed 12} hp machines capable of 
ipplymg a dynamic load of 9 tons, which are used for 
‘atigue testing heavy coil springs, up to eighteen 
springs may be tested at one time Other machines 
ised for fatigue testing springs of the mternal com- 
»ustion engine type are capable of infinitely variable 
speeds of compression of up to 4,000 per mm Fatigue 
;ests m repeated torsion are carried out on torsion 
vars, and are used to produce data from which an 
assessment of the effects of composition, heat treat- 
nent and surface condition can be made prior to the 
nanufacture of experimental helical sprmgs A special 
ature of this laboratory ıs the sound-proofing and 
inti-vibration features incorporated in both the 
suspended ceiling and the floor 


The mechanical testing laboratory houses a variety 
of conventional machines used for determming the 
properties of both specimens and springs, covermg 
the range of material diameters 0 004-2 0 m One 
machine, for example, is capable of developmg a 
maximum torque of 120,000 m lb, and is used to 
investigate the effects of hardenabihty on the static 
torsional properties of large-diameter sprmg steel 
bars 

Many iesearches relate to the load-deflexion 
characteristics of springs and the Organisation has a 
comprehensive range of machines, capable of applying 
static loads from a few ounces up to 30 tons The 
determmation of fatigue characteristics of drawn 
wires of diameters 0 01-0 25 m is provided for by 
high-speed rotating-beam fatigue machines, which can 
complete up to 100 million cycles in as little time as 
one week The study of corrosion and protection of 
spring materials and the effects of hydrogen embrittle- 
ment due to electroplating has had an important place 
in the Organisation’s programme for many years 
The work ıs bemg continued ın a new laboratory 
specially fitted out for this purpose, the plant m 
it has been presented by Messis Cannig, Ltd, the 
Birmmgham manufacturers of electroplatmg equip- 
ment Facilities are available for electroplating 
copper, zinc, tm, cadmium and nickel Tho experi- 
mental heat-treatment laboratory 1s equipped with 
fully mstrumented electric furnaces for general heat 
treatment, and high-temperature heat treatment 
under various types of protective atmosphere 

The laboratories contam a number of machine 
tools and a shot-peening unit which automatically 
rotates the object under treatment while at the same 
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time traversmg ıt with the shot stream It 1s bemg 
used in a fundamental study of the effects of shot- 
peening and optimization of ib, together with an 
assessment of possible methods of measuring intensity 

The first floor 1s devoted to light laboratories (con- 
taming small static testing machines, general scientific 
instruments and equipment), administrative offices, 
and a conference room The materials testing labora- 
tory contams machines for determmimg macro- 
hardness, tensile and torsional properties of wires 
and load-deflexion characteristics of small springs 
Metallographic facilities are provided m specially 


CHEMISTRY OF 


MEETING was recently held m Paris (June 
8-12) under the auspices of the Combustion and 

Propulsion Panel of the Advisory Group for Aero- 
nautical Research and Development, with "Chemistry 
of Propellants" as the mam topie It was felt that 
such a meeting could contribute to a useful exchange 
of research mformation and discussion of current 
problems among North Atlantic Treaty Organization. 
countries Its importance can be judged by the 
attendance of nearly two hundred observers from 
eleven countries, nommated through ther Advisory 
Group for Aeronautical Research and Development 
national delegates 

The meeting was opened by Dr von Karman, who 
was supported by Dr Seitz, the science adviser to 
the North Atlantic Council, and his recent predecessor, 
Dr N F Ramsey Later i the week Dr G B 
Kistiakowsky, the new scientific adviser to the 
President of the United States, attended and took 
part m the proceedings These could be classified 
under three mam headings, namely, propellants or 
associated features for liquid rockets, solid rockets 
and air-breathing engmes, and the papers presented 
covered reviews of existing knowledge, reports of 
recent work and assessments of future problems 

The first technical session was mtroduced by a 
paper by § Greenfield (United States), who reported 
on an experimental evaluation of liquid-propellant 
data This was based on a research programme to 
compare differences ın behaviour of various hydro- 
carbon fuels when burned with hquid oxygen The 
fuels were pure samples of each of the chemical types 
such as paraffins, aromatics and olefins together with 
a reference fuel specified as JP-5 The main results 
covered liquid film heat transfer coefficients and their 
var.ation with heat flux and combustion stabulity, 
specific impulse variations with mixture ratio, and 
effect of aromatics on available energy in fuel-rich 
gases suitable for turbo-pump operation An interest- 
ing feature of this work was the precise measurements 
achieved and the important influence of combustion 
chamber length (or L*) on performance ‘The con- 
clusion was drawn that naphthenics are beneficial 
1n a mixed fuel, but normal paraffins are of doubtful 
value 

This paper was, to some extent, complementary to 
another by R J Thompson (United States) covermg 
theoretical performance evaluation This work was 
carried out on an electronic data-processmg machine 
and presented a vast tabulation of thermodynamic 
functions and propellant parameters which were 
discussed and illustrated The main propellant com- 
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fitted rooms for rough sample preparation, fine 
polishing and etching, microscopical examination and 
photography The micioscope room contains a high- 
powered bmocular bench mucroscope, projection 
microscope and mucro-hardness testing equipment 

The Organisation ıs studying spring materials 
for elevated temperature applications, m particular 
the stress-temperature relaxation properties of springs 
made from a very wide range of alloys A battery 
of spring creep testing machines 1s installed which will 
enable the behaviour of sprimgs to be determmed 
up to 850°C 


PROPELLANTS 


bmation discussed was liquid oxygen and kerosene, 
although data on fluorme-liquid hydrogen. were also 
used to illustrate the calculations Additionally, 
thermodynamic properties as functions of tempera- 
ture for eleven of the more important elementary 
monatomic gases were given It is certain that these 
two papeis will be of great use in future studies of 
propellants 

The next paper in this group was by D L Arm- 
strong (United States) and reviewed the characteris- 
tics of liquid propellants desired and achieved in 
rocket engmes The important physical properties 
included vapour pressure, density, viscosity, specific 
heat, boiling and freezing pomts, and other features 
which were tabulated and discussed Chemical pro- 
perties were also enumerated and mention was made 
of reactivity, self-ignition, combustion kmeties, 
stability and corrosion The author also gave some 
indication of performance, manufacturing processes 
and suggested propellants for various missions, but 
much more detailed and relevant papers on these 
aspects were presented by W G Parker and G Rus- 
ton (Great Britain) on the merits of utihzmg high- 
energy propellants, and S H Dole and M A Margolis 
(United States) on the sources, availability and 
estimated cost of propellants The former took a 
slightly unusual Ime m dismissing the majority of the 
exotic propellants from consideration, first, because 
of the unfavourable properties such as extreme 
reactivity and toxicity, and secondly, because the 
advantages of higher specific impulse become less 
marked beyond values of about 320 sec Ther con- 
clusions were that liquid hydrogen was worth develop. 
ing because of its probable use in nuclear rockets 
but ıt should be ın combination with nitric acid o: 
hydrogen peroxide rather than liquid oxygen The 
accidental combination of hydrogen and oxygen liquic 
or vapour could be too great a hazard to risk The 
paper on costs pointed out that prices of many pro. 
pellants would be significantly altered if productior 
demands increased, but even allowing for this, 16 was 
clear that the cryogenics would give a better perform. 
ance than the storable liquids for a given cost Cost: 
should, however, melude the overall system cost 
and some curves were given showing flight vehicle 
cost against total impulse required for solid propellant 
storable and cryogenic At the higher values of tota 
impulse, the cost of using these propellants was ir 
descending order This was strongly challenged by 
protagonists of solid propellants durmg the discussion 

The papers on solid propellants were given bj 
R Stemberger (United States) on the properties o 
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double-base forms with a corresponding one py 
P Taverner and J Boisson (France) on composite 
forms and one on burning rate control by G H Young 
(Great Britam) All these appeared to suffer from the 
limitations imposed by ‘security’, but the first two 
gave useful accounts of the standard materials and 
processes In manufacture It was mterestmg to com- 
pare these and from this pomt of view they wee 
an informative contribution — Stemberger, however, 
included a good deal more on the life expectancy of 
double-base propellants This ıs not surprising 1n view 
of the much longer experience of them which exists 
The paper by Young covered some of the same ground 
and, rather than a discussion of burning rate control, 
was hmited to descriptions of methods of measuring 
burnmg rate and the range of burning rates achieved 
The difficulties ymposed on this author by the classified 
nature of his subject were obvious and 16 was generally 
agreed that ıt could only receive suitable treatment 
at & closed session 

The papers on air-burning fuels included one on 
properties and preparation of ramjet fuels by 
M Barrere and G Francais (France), one on per- 
formance evaluation by E  Peichonok (United 
States), one on deposits in jet engines by R Brei- 
wieser (United States) and a final one on physico- 
chemical reactions durmg nozzle flow by J F 
Morris (United States) The first two covered tke 
maim features found necessary in the special con- 
ditions of ramjet operation and collected much data 
which will be useful for future reference Both papers 
dwelt on the use of solid fuels 1n slurry form and the 
attractions of boron hydrides and other compounds, 
but the American paper emphasized some additional 
considerations if ramjets are to be operated at hyper- 
sonic speeds For example, the need for regenerative 
cooling of engine walls will Init the use of JP-4 fuel 
to speeds of M —6 The high gas temperatures result- 
ing from these speeds also have an important effect 
on dissociation conditions and thrust available 
With frozen gas exit flow, the thrust may be reduced 
as much as 58 per cent at M —8, compared witn 
equilibrium flow This problem was treated by 
Morris, who reviewed the background of relaxation 
rate-theory and discussed the gaps m knowledge 
which will enable predictions of non-equilibrium 
flow of both internal and external gas for hypersonic 
vehicles The long list of references appended to this 
paper calls for special mention as 16 extends to more 
than four hundred The other paper m this group 
emphasized the problems of solid deposits ın engines 
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and ported out that these became more serious with 
some of the high-energy fuels now bemg considered 
Boric oxide is one combustion product which may 
form on engine surfaces m large quantities Some 
measurements on convergent—divergent nozzles 
showed losses ın total stream momentum of more 
than 5 per cent withm 20 sec of initiating com- 
bustion ther sensitive components are turbine 
stator blades and combustion chambers Two 
mechanisms of deposition were discussed, consisting 
of diffusion of particles less than łu diameter, and 
of 1mpact by particles of 5u and larger The former 
was analysed theoretically and compared with 
measured deposition rates Although good agree- 
ment was claimed, this analysis recerved some 
eriticism durmg the discussion 

In addition to the papers, a round table discussion 
on basic problems m propulsion was held with Dr 
von Karman m the chair. The discussion was initiated 
by A D Baxter (Great Britain), who summarized the 
merits of liquid propellant rocket engines and out- 
hned some of the remaimmg lines which require 
research These included physical problems such as 
heat transfer and combustion chamber design para- 
meters, and chemical problems associated with pio- 
pellant stabihty, ignition delays and reaction rates 
H W Ritchey (United States) then presented a 
sunilar case for solid propellants and was followed 
by three speakers giving views on futuristic possibi- 
ltes G B Kistiakowsky (United States) Spoke on 
solid propellant horizons, J W Bond (United States) 
on electromagnetic and nuclear thermal propulsion, 
and A Fern (United States) on composite launchers 
The last was a stamulating argument m favour of air 
breathmg engmes as the first stage in multi-stage 
rocket vehicles One of the advantages would be 
the abihty to fit aerodynamic hfting surfaces and fly 
the launcher back to the take-off pomt The dis- 
cussion was so successful that 1t was contmued at the 
final session of the meeting, ranging over a broad 
field Pomts brought out were the convergence of 
design features m sold- and liquid-propellant engines, 
the question as to how vital rmproved specific 1mpulse 
was, the problems of size 1n rockets and the future 
of nuclear rockets 

This discussion was a fitting climax to a successful 
meeting and no doubt, when the edited proceedmgs 
are published, they will be found to provide a valuable 
addition to the literature, not only because of the data 
included, but equally because of the excellent bibho- 
graphies attached to most papers A D BAXTER 


CLAY MINERALS 


WO series of meetings on clay mmerals were 
held m Yorkshire durmg April The fist, at 
Sheffield, was arranged by the Clay Mmerals Group 
of the Mmeralogical Society Two sessions on April 15, 
in the Metallurgy Department of the University, were 
devoted to the reading of scientific papers, while on 
April 16 visits were made to the works of Thomas 
Marshall at Loxley and General Refractories at 
Wharneliffe The chair at the scientific sessiows was 
occupied by Dr A F Halhmond (London), charr- 
man of the Group, in the morning, and by Prof J 
White (Sheffield) ın the afternoon 
Several papers concerned the industrial application 
of clay mineralogy In the first of these, E H 


Steger (London) discussed various problems in evil 
engineering in which clays are mmpheated, and dealt 
particularly with soil stabilization by injection of a 
suitable clay suspension mto sands, ete The factors 
necessary to give good results are broadly known, 
but much work on fundamental aspects 1s still re- 
quired In the discussion, the difficulty of rephcating 
laboratory findings in the field was widely referred to 

Divergent views upon the relationship between the 
mineralogical constitution and the firing properties of 
clays were expressed by Prof G W Brindley and 
S Udagawa (Pennsylvania) and by Dr R W Nurse 
(Watford) The former described how, by ‘synthe- 
sizing’ clays from muxtures of appropriate pure 
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minerals over a range of compositions, 1t 1s possible 
to make some forecasts regardmg the behaviour of 
natural clays from a rapid check of their muneralogical 
composition This technique enables immediate 
rejection of completely unsuitable clays, but those 
which appear of possible use still have to be tested 
individually Dr Nurse, on the other hand, could 
find no correlation between firmg properties and 
mineralogical composition for a series of clays of 
various geological ages 

The use of thermal expansion measurements in 
mdicating the mmeralogy of clays! was considered 
by D A Holdridge (Stoke-on-Trent), who showed its 
application m quartz determinations The significance 
of the same test after firmg was also discussed 

Dr R F Youell (Leeds) described how X-ray data 
on heat-treated silicates, which he had obtamed 
earher, were expheable on the basis of silicon- 
containing spiel structures? He particularly referred 
to the composition of the spmel phases and the 
occurrence of ordered transformations In discussion, 
the propriety of using the term ‘sihcate’ for a silicon- 
containing spmel was questioned and the frequency 
of occurrence of ordered transformations was stressed 

Three general papers were also read In the first 
B D Mitchell and Dr R C Mackenzie (Aberdeen) 
deseribed a relatively inexpensive controlled-atmo- 
sphere differential thermal analysis apparatus and 
illustrated its appheability to investigations in 
nitrogen, oxygen and steam, while m the other two 
Dr H G Midgley (Watford)—this paper was iead 
in his absence by Dr R W Nurse—and W Windle 
and E K Cundy (St Austell) described occurrences 
of sepiohte and zinnwaldite, respectively, in Cornwall , 
chemical, X-ray and other data were given 

This meeting not only brought to notice relatively 
new uses of clays m industry (such as them use m 
soul stabilization) but also raised the practical question 
of the value of mmeralogical analysis in assessing 
clays Difficulties encountered m relating the 
mineralogy of a clay to its firmg properties could, 
for example, be due either to complete mimeralogical 
data or to effects bemg not truly additive the 
observations reported rather suggest the latter 

The Sheffield meeting was followed by one at Leeds 
durmg April 17-18 arranged by the X-ray analysis 
Group of the Institute of Physics This meeting 
included a session on clay minerals as well as one on 
biological fibres , only the former 1s reported here 

No outstanding advance in structural investigations 
of the common natural clay mmerals was forthcoming 
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at the meeting Prof G W Brindley, m an intro- 
ductory address, pomted to the value of electron 
diffraction techniques m such vestigations He was 
able to report a very promismg approach to the 
problem of thermal changes in kaolmte by his 
collaborator, M. Nakahira, using small single crystals 
This work suggests that the ‘spmel’ phase 1s really 
a sibea-alumuna crystallization structurally similar 
to spmel?, and appears to have furnished clear evı- 
dence that the much-discussed metakaolin 1s not 
amorphous, but is an intermediate stage m the 
formation of spiel, having a substantial degree of 
erystalhnity 

The dehydration products of kaolinite were also 
discussed by F Vaughan (Stoke-on-Trent) D A 
Holdridge showed the possibilities of thermal ex- 
pansion measurements for studying phase changes on 
frmg | Quaxtz content, notably, can be estimated 
by this means 

Interesting structural studies on scarbioite were 
reported by Dr J Goodyear and Dr W J Duffin 
(Sheffield) and on iddingsite by G Brown and Dr 
I Stephen (Harpenden) H P Rooksby (Wembley) 
reported on further detailed work on won and 
aluminium oxides 

The question of surface structure m clays 1s one 
of fundamental importance, about which there 1s still 
much uncertainty An extensive, many-sided 
approach to this problem is bemg made by Prof 
J J Frpiat and collaborators m Belgium under the 
auspices of Institut National pour PÉtudes Agron- 
omiques du Congo Belge Among the techniques 
under study are measurement of surface hydroxyl 
gioups by exchange with heavy water vapour, and 
methylation and acetylation for determmmg acidic 
groups 

Dr D M € MacEwan (Dundee) reported on an 
extensive series of calculations on diffraction effects 
from muixed-layer structures, now bemg carried out 
with electronic calculators The resulting curves will 
be published as a special monograph by the Spanish 
Consejo Superior de Investigaciones Cientificas 

Study of a German ‘fireclay mineral’ by Prof 
A L Roberts and Dr W E Worrall (Leeds) pro- 
vided further support for Schofield's theory of the 
existence of isomorphous substitution m kaolins 

R C MACKENZIE 
D M € Mackwan 


lof Brough, J, and Robertson, R H S , Clay Min Bull, 3, 221 
2 Steadman, R , and Youell, R F , Nature, 180, 1066 (1957) Brindley, 
G W and Nakahira, M , Nature, 181, 1333 (1958) 


THE COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH 


HE second report of the Council for Scientific 

and Industrial Research covers the year 1958 
in which the Departments gross expenditure was 
£9,453,652, compared with £8,255,561 1n the previous 
year, and reduced to £8,357,913 by various receipts 
(£464,713 bemg from the National Physical Labora- 
tory) for work done for Government departments or 
for industry, the net increase on 1957 bemg £1,108,070 
Grants to students amounted to £444,958, the number 
of students in trammg bemg 1,681 and in 1957, 1,301, 
of whom 781 in 1958 and 653 ın 1957 were new The 
advanced course studentships mecreased from 152 in 
1957 to 201, of which 184 were new, and of 26 research 


fellowships (18 m 1957), 14 were new Grants for 
special researches totalled £475,754, numbermg 239 
compared with £363,884 and 193 ın 1957, and of these 
147 were new Of these grants 106 were in physics, 
45 m chemistry, 32 m biology and biochemistry, 
24 mn other engineering, 11 m geology, 7 m mathematics, 
6 m chemical engmeermg and metallurgy, and 3 in 
electrigal engineering Chemistry claimed 593 of 
research students, physics 360, biology and bio- 
chemistry 208, mathematics 144, chemical engineer- 
ing and metallurgy 110, other engmeering 100, 
geology 99, electrical engineermg 50, and human 
sciences 17 
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Expenditure on the National Chemical Laboratory 
decreased slightly, fiom £160,404 ın 1957 to £155,010, 
and there were also slight decreases in expenditure 
on fuel research (£330,502-£326,899) and fire research 
(£38,745-£37,174) , but with these exceptions expen- 
diture mereased on all branches of the Department’s 
work, the biggest increases being in road research 
(£560,813 compared with £441,762 m 1957), the 
National Physical Laboratory (£737,958 compared 
with £638,031), headquarters administration (£377,905 
compared with £307,436), mechanical engineering 
research (£507,104 compared with £454,810) and the 
Geological Survey and Museum (£328,329 compared 
with £282,370) Expenditure for othe: sections m 
1958 was as follows, the 1957 figures bemg given in 
brackets buildmg research, £541,371 (£521,065), 
forest products research, £135,645 (£128,256), hyd- 
raulics research, £100,650 (£91,967) , pest infestation, 
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£89,369 (£83,341), radio research, £159,398 
(£135,657) , and water pollution research, £103,882 


(£90,020) Besides the National Physical Laboratory, 
considerable payments for work done for other 
Government departments and mdustry were received 
in respect of fire research (£143,330), the National 
Chemical Laboratory (£104,715), the Geological 
Sui vey and Museum (£97,527), road research (£59,182), 
hydraulics research (£44,710), building research 
(£33,879) and mechanical engineering research 
Contributions to European nucleai research increased 
from £930,000 to £1,100,000, and of the grants foi 
special researches authorized during the session 
October 1, 1957, to September 30, 1958, by far the 
largest ıs the £355,000 over four years from January 1, 
1958, to Prof C C Butler of the Imperial College 
of Seience and Technology for the construction of a 
large liquid-hydrogen bubble chamber 


ROTHAMSTED EXPERIMENTAL STATION 
REPORT FOR 1958 


HE ieport of the Rothamsted Expermnental 
Station for 1958" is a book of 283 pages con- 
taming accounts of the work of some twenty separate 
departments It follows the pattern of previous years 
in that it ıs introduced by a general report by the 
Dnector in which the more interesting depaitmental 
results are commented upon This is particulaily 
valuable in that ıt enables the reader to appreciate 
something of the scope and cohesion of the Rotham- 
sted work, and those who frame the Station policy 
aie to be commended on the blend of science and 
practice that characterizes the research programmes 
Ther reward is the use made of ther results m tke 
piaetical world. of farmmg m Brita. and overseas 
The Chemistry Department has studied the actian 
of organic matter 1n the soil, and popular conceptions 
of this may have to be somewhat modified in that m 
heavy soil, as at Rothamsted, its beneficial action 
appears to be derived solely from its nutrient content 
and no measurable effect from physical sources was 
found By contrast, ın hghter soils organic matter 
1s apparently necessary to maimtam structure Work 
has continued on the mam plant nutrients m soul and, 
in particular, attempts are bomg made to evolve a more 
accurate method of assessing available phosphate 
Soil analysts would welcome progress m this matter 
The Physics Department has studied. the electrical 
charges on clay, soil aeiation, soil water, and the 
effect of crop rotation on soil structure This last 
experiment showed that using beet and carrots as 
the test crops, the effect from modification of struc- 
twe due to rotation was largely confined to the 
pernod durmg, and immediately followmg, seed 
germination This agam may surprise practical 
growers Studies m agiicultural meteorology have 
continued and progress has been made with the 
analysis of temperature, humidity and ventilation 
data in spring wheat collected durmg the three 
summers 1955-57 A detailed survey is promised in 
a later report The muneralogical studies of the 
Pedology Department have been continued on native 
and foreign souls, and the results, as they accumulate, 
may well lead to a sounder basis for soil classificatior. 


* Rothamsted Experimental Station Report for 1958 Pp 283 
(Harpenden Rothamsted Experimental Station, 1959 ) 10s 


Microbiological investigations have dealt with the 
decomposition of cellulose and some of the newer 
chemicals used ın agiiculture Many of these have 
proved to be subject to attack and therefoie will be 
removed fiom the soil in time, a pomt of considerable 
practical importance Aspects of nodule formation 
on legumes have also received attention Although 
1t has long been known that nitrate at the concen- 
trations usually employed in nutirtional work will 
depress nodulation, 1t was found that as little as 
25ppm of nitrate nitrogen would delay nodulation 
of white clover by two days A simular effect was 
given by nitrite but not by ammonium salts, aspar- 
agine, or urea, all of which are assimilated by the 
host plant at about the same rate 

The Botany Depaitment at Rothamsted has been 
interested for some time ın the development and use 
of methods of growth analysis and these aie now 
producing mformation on various aspects of crop 
growth Gubberellic acid was found to mciease the 
yield of potatoes in the year unde: ieview This 
effect was only observed when nitrogen was high, and 
spraying actually reduced yields when this element 
was low Additional data suggest that the effective- 
ness of gibberellic acid depends also upon the time 
and frequency of application Weed studies reported 
upon inelude an evaluation of competition effects 
between crop and weed plants and the possible 
excretion of toxic substances by Agropyron repens 
No evidence of this was found m livmg material, the 
leachate from water cultures of this grass, in fact, 
actually mereased the dry weight and leaf area of 
tomato and kale plants 

The blackening of potatoes on boiling was the 
subject of a biochemical study that supported the 
behef that this discoloration is due to a complex of 
ferric ron and dihydroxy-phenols Boling ıs believed 
to liberate ferrous mon, which combines with the 
dihydroxy-phenols in the potato to give ielatively 
colourless ferrous complexes which blacken when 
oxidized in the air to ferric complexes Other work 
in ths Department concerned mutochondria, the 
enzymic breakdown of chlorophyll m plant tissues 
and the properties, particularly the infectivity, of 
tobacco mosaic virus fragments 
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Research in plant pathology covers a wide field 
Progress has been made in devising staining methods 
for preparations of plant viruses for election micro- 
scopy at high resolution This is new work, but 
enough progress has been made to encouiage the 
hope that the methods will contribute usefully to 
the further elucidation of particle structure The 
mereasimg rmportance of cereal viruses in agriculture 
adds to ther interest, and useful mformation on 
infectivity and host ranges has been obtained 
Experiments on initial field establishment of potato 
bhght (Phytophthora infestans) have shown that this 
may occur without the normal stem-mfecting stage 
It 1s likely, however, that mfection fiom contammated. 
soil can only occur in a wet season such as 1958 
Trials on the susceptibihty to wilt (Fusarium oxy- 
sporum f qw) of pea varieties commonly giown m 
Britam have shown that resistance exists, but the 
parasite itself is so variable that the breeding of 
resistant vaileties will not be easy 

The Nematology Department has conducted studies 
on the changes in eelworm populations under different 
rotations and mdividual crops These together with 
concurrent observations on the movement of ecl- 
worms in soi and over plants should mteiest those 
concerned with the control of these pests m the field 
Frit fles, gall midges, wheat bulb fly, slugs and 
earthworms are included 1n the wide range of animals 
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studied by the Entomology Department A short 
section deals with the ecology of the natural enemies 
of aphids The Bee Department, as a result of 
improved methods of assay, has learned more of 
the nature and function of ‘queen substance’ pro- 
duced in the mandibular glands of queen honey bees 
It has been shown that ‘queen substance’ contams 
an mhibitoi which, when fed to queen honey bees, 
can prevent them from queen rearmg and which can 
also inhibit ovary development in queenless woiker 
honey bees 

As a result of the disastrous epidemic of virus 
yellows of sugaa beet m 1957, the staff of the Dunholme 
Field Station organized a survey of crops and issued 
spray warnings when needed As a result, 100,000 
acres were sprayed with very satisfactory results when 
compared with unsprayed areas ın September The 
value of spraymg against aphids to check the spread 
of virus yellows 1s now firmly established 

This account has necessarily omitted much worthy 
of mention, but ıb 1s 1mpossible, in a short 1eview, to 
do justice to all the work described ın this report and 
the selection of items for particular mention here 18 
obviously open to criticism The extremely useful 
list of publications for the year 1958, each with an 
abstract of the contents, with which the report closes, 
1s a fittmg mdication of tho value of Rothamsted to 
biology and agiicultme alike J H WESTERN 


AUSTRALIAN DEFENCE STANDARDS LABORATORIES 
REPORT, 1957 


HE main sections of the annual report of the 
Austialan Defence Standards Laboratories for 
the year ended June 30, 1957 (Pp 1v+60 Marı- 
byrnong, Vietoria Defence Standards Laboratories, 
Department of Supply, 1959), are devoted to a 
statement of the functions of, and scope of work 
undertaken by, the Laboratories and descriptions of 
some of the more important projects and investiga- 
tions carried out by the Divisions of Chemistry, 
Metallurgy and Physics 
In the Metallurgy Division work has continued 
on the production and investigation of chromium- 
base high-temperature alloys The ultimate am is 
to develop alloys suitable for use m gas turbines 
operating at rotor blade temperatures of 950°C or 
higher The plant for the production of pure chromium 
has operated satisfactorily and a total of 475 Ib of 
metal was produced durmg the year It has been 
shown that ductile chromium can be made from 
suitably pure electrolytic chromium — Investigations 
included expermments on thé tensile properties of 
annealed chromium, the influence of pre-stram on 
ductility, precipitation hardening effects and creep 
behaviour A fractographic study, augmented by 
X-ray diffraction tests, was made of the cleavage 
surfaces m cast chromium In addition, work has 
been done on titanium alloys , cathodic protection of 
ships and naval structures, and the mechamsm of 
polishing and the nature of mechanically polished 
metal surfaces 
The activities of the Physics Division are discussed 
under the headings of chemical physics, radio- 
logical physics , the development and testing of elec- 
trical and electronic components for use by the armed 
services, and metrology The study by the micro- 


wave mterferometric technique of the propagation 
of detonation has been most fruitful Radiation 
alarm systems and other safeguards against the 
mishandling of radioactive sources have been de- 
veloped and work has continued on the determination 
of the energy and angular distributions of the radia- 
tion intensity in air at various distances from a pomt 
radioactive source Facilities for the precise calibra- 
tion of end standaids of length have been umproved, 
and standaidizations of lengths up to 40 im 
based on the wave-length of hght can now be 
made A technique has been developed for determ- 
ming the mean diameters of capillary tubes by 
the mercury content method to an accuracy of 
0 00004 in 

The Chemistry Division has been active 1n @ variety 
of fields, including the determmation of gases in 
metals and alloys , the microdetermination of silicon , 
infra-red spectroscopy, adsorption, and organic 
and polymer chemistry 

The annual report lists the various personnel of 
the Laboratories and their status, and gives details 
of the publications by members of the staff durmg 
the year under review Papers were presented by 
members of the staff to the thirty-second meeting 
of the Australan and New Zealand Association for 
the Advancement of Science held at Dunedin duimg 
January 1957 and to the Institute of Physics 
Conference on Contemporary Optics 1n. Sydney durmg 
September 1956 Noteworthy visitors to the Labora- 
tories during the year were Sir Owen Wansbrough- 
Jones, chief scientist of the British Mumustry of 
Supply, and Sm Leshe Marti, charman of the 
Australian Defence Research and Development 
Policy Committee 
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THE IMPERIAL CANCER RESEARCH FUND 


d bs ffty-sixth annual report of the Imperial 
Cancer Research Fund*, for 1957—58, describes 
the lines of mvestigation m progress in the labora- 
tories at Mill Hill and Lincoln’s Inn Fields They 
can be sub-divided as follows 

(1) Tumours induced by viruses 

Work contimues on the virus stiology of cancer 
by studymg the mechanism whereby the virus gains 
access to the cell ıt mfects, the virus's mode of 
replication and its specificity Attempts are bemg 
made to grow the mouse leukemia-mduemg virus 
in tissue cultures of embryo fibroblasts, and by 
reciprocal transplantation experrments to find 
“whether the cellular elements m such transplants 
survive or whether virus is liberated to produce a 
new tumour by infection of the host’s own cells" 

(2) Tissue culture studies of tumour cells 

The reaction of tumour cells to environmental 
changes ıs being studied by observmg the effect of 
variation in the tension of carbon dioxide on cells 
of the mouse sarcoma 37 

“The activities of mdividual cells m culture of the 
various mouse tumours are being examined by time- 
lapse cinematography BP/8C and BAS/56 ascites 
tumour cells show ‘tails’ which may attach to the 
glass and which have great tensile strength and 
elasticity The undulatmg surface membranes of 
these cells show very active pmocytosis and unusually 
large volumes of culture medium may be injected 
m this way ” 

(3) Preservation of tumours «n the frozen state 

“The frozen tumour bank preserves tumours in an 
unaltered genetic state and these can therefore be 
used to check the respective mbred strains of mice 
for any genetic divergence which affects histo- 
compatibility In this way ıb has been shown, with 
a strain A specific tumour, not only that A.G mice 
are genetically distinct from true A but that the 
genetic change occurred prior to 1952 ”? 

(4) Heterotransplantation of human tumours 

Human sarcoma tissue 1s bemg maintained by 
subcutaneous, mtramuscular or intraperitoneal trans- 


* Imperial] Cancer Research Fund — Fifty-sjXth Annual Repor*, 
1957-1958 Pp.39 (London Impertal Cancer Research Fund, 1959 ) 


BEHAVIOUR OF 


ANY of the habits of sea wchms were observed 
by A N Sinclair, during day and might divmg 
in the waters around Sydney with members of the 
Underwater Research Group of New South Wales 
An aqualung and a waterproof torch were used 
(Austral Mus Mag, 13, No 1, March 15, 1959) 
When diving in daylight Sinclair was impressed by 
the numbers of the large, rough-spmed sea urchm 
Centrostephanus rodgersw Many of these were seen 
in hollows carved in the sandstone rocks, andeoften 
the hollows were deep enough to contam the whole 
urchin, but were never as deep, comparatively, as 
the sharply etched hollows carved by the smaller 
wehins, Hehocilarws erythrogramma Other urchins 
appeared to be motionless, with the spmes sticking 


plantation ın cortisone-treated hamsters, subcu- 
taneously in cortisone-treated mice and in the 
anterior chamber of the eye m normal guinea pigs 
The attempts to grow human lung cancer m gumea 
pig anterior chamber or in organ cultures were 
unsuccessful, but 25 per cent of human embryonic 
lung tissue grafts survived 22-49 days m mice 
treated with cortisone 

Other human embryonic tissues such as bone and 
bowel, some human adult tissue, for example, slun 
and transitional epithelium, and human prostatic 
carcinoma and adult rodent lung and prostate have 
all been mamtamed in fluid media — Organ cultures 
of mouse prostate have been employed to study 
the direct action of cestrogens and androgens on 
glands from nuce of different ages Tho cestrogens 
produced epithelial atrophy and testosterone a 
stimulation ” 

(5) Hormone-dependent breast cancer 

About 50 per cent of human breast cancers cease to 
proliferate if they are totally deprived of the hormones 
which control cell multiplication m the normal breast 
At present the operative technique of cutting off 
the supply of hormones 1s by the surgical removal 
of the ovaries, both adrenals and the pituitary 
This somewhat drastic treatment may give spec- 
tacular growth regression and clmical improve- 
ment, but unfortunately these have proved to be 
temporary 

(6) A pregnancy-dependent mouse tumour 

The spontaneous mammary tumour BR6 has the 
pecuharity of always first appearmg durmg pregnancy 
and mostlv regressing afte: parturition The tumour 
meidence 1s very high (im excess of 97 per cent m 
more than 400 mice that lived longer than six months, 
had more than two litters, and where the mothers had 
developed tumours) Under certain conditions some 
females not only remain tumour-free but give rise 
to tumour-free sub-lnes which “ appear from 
transplantation experiments, to be genetically dif- 
ferent from the tumour-prone Ime and one aspect of 
this genetic difference may be a greater androgen 
production by the males of the tumour-prone lies" 

I HrgGER 


SEA URCHINS 


out ab right angles to the body surface in a typical 
‘hedgehog’, or defence, position 

It was found that after darkness set m the urchins 
became active — Withm an hour or two of sunset, 
numbers of Centrostephanus were seen ‘out walking’ 
on the rocks but they did not seem to favour 
walking on the sand The spmes at such times were 
generally arranged in groups or cones Ifa torch was 
shone on the urchin for a short time no reaction to 
the hght could be observed, but if the urchin was 
touched it immediately assumed the ‘hedgehog’ 
position seen in daylight 

Results of marking specimens of C  rodgersw in 
Clovelly Bay, Sydney, had shown that the urchins 
moved up to 3 or 4 ft from ther rock holes within 


784 


two hours of sunset and 1eturned to them own holes 
by the next morning, though often each was lymg 
turned round from its origmal posrtion 

Dung daylight ıt was common to see vacant rock 
holes, which, by the absence of weed growth, appeared 
to have been recently vacated Usually, however, 
these holes were again occupied within a week, but 
taggmg techniques had been madequate to reveal 
whether the occupants were the original ones or new- 
comers 

Unhke most of the finer-spmed urchins, the slate 
pencil urchin, Phyllasanthus parvispmus, appeared 
not to live m holes, prefer:mg crevices between rocks 
In more than 200 sightings of these urchins, only one 
had been seen m a spherical rock hole Most were 
in crevices, durmg daylight, but were so securely 
wedged in that they could only be moved by bieaking 
spmes Other haunts of the slate pencil uichin were 
on the floor of forests of weed or kelp Like C 
rodgei sw these urchins seemed to prefer deeper water 
and were more numerous in 20-30 ft of water 
Although each slate pencil urchm did not have its 
own particular rock hole, ıt returned to a particular 
locality 

The slate pencil urchins went out ‘walking’ at 
night, often covering 1 ft m 20 min , and were seen 
attacking whelks bigger than themselves 

The commonest urchin at shallow levels withm 
about 6 ft of the surface was Helocidaris erythro- 
gramma This was the dommant species, and prac- 
tically the only urchin present m the intertidal zone 
It lived in crevices and holes ın the rock, which 
could be almost honeycombed It appeared to dig 
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holes much deeper in relation to its size than any 
other species This urchin appeared in many colours 
greens, reds, browns and purples, a new one being 
revealed at almost every dive The spines were 
smooth and relatively short One of the most inter- 
esting combmations of spme shape and colour in this 
urchin was in the blue or mauve specimens 

Tripneustes gratilla, a wanderer from tropic seas, 
apparently had the distinctive habit of being uncon- 
cerned with the need for shelter It was usually 
found on the walls of caves or m the open many 
yards from the nearest shelter It was a laige-bodied 
urchin with very short white spmes tipped red or 
mauve The rounded body had a plain darkish 
colour, or was white with five darker major bands 
and five secondary bands Some of these urchins 
carried small pieces of shell or weed, presumably for 
sheltermg fiom the hght T gratila was usually 
seen at depths of 10 ft or more 

Most of the useful observations made by diving 
were of an ecological, rather than a systematic, 
nature, and an observation ledge had been. carefully 
watched at frequent mtervals durmg the past seven 
months, however, other observation pots will be 
established after a twelve months period has been 
completed A handicap to observation was that 
many local residents had developed a taste for eating 
sea urchins and the colony risked extinction 

In summer the colony comprised twenty C 
rodgersw , one H tuberculata, and one P paru- 
spinus By early July the numbers of C ?0dgersw 
had fallen to fourteen, and later m the month had 
been reduced to ten 


JOURNAL OF APPLIED POLYMER SCIENCE 


HE study of polymeric systems originated largely 
from technological considerations, but has now 
grown into a scientific subject in its own right, with 
its own techniques and outlook This change has 
occurred in a very short time, and its rate of growth 
can be illustrated by the mereasmg size of the 
Journal of Polymer Science, which attracts contribu- 
tions from both chemists and physicists interested ın 
the preparation and properties of these interesting 
materials From the orngmal Polymer Bulletin, 
published m 1945 with 158 pages, ıt has progressed 
stepwise 1946-50, 598 to 800 pages, 1951-54, 
1460 to 1,864 pages, 1955-57, 2,432 to 2,420 pages , 
1958, 4,256 pages This seven-fold increase ın thirteen. 
years shows no sign of slowing down, and the pub- 
lishers have therefore decided, as a transition measure, 
to split the journal, the original journal to continue, 
but ın addition to publish the Journal of Appled 
Polymer Scwnce* The latter 1s intended to deal with 
the properties of industrially significant materials, 
leaving articles of a definitely basic character to the 
original Journal 
It is difficult to see how this distinction can be 
mamtained The first number of the Journal 
meludes papers on such basic matters as thermal 
expansion and transition temperatures, impact 


* Journal of Apphed Polymer Scwnee, Vol 1, No 1, January- 
Febuary, 1959 Pp 127 Published bi-monthly, covering two volumes 
annually Subscription price, 17 50 dollars per volume (New York 
and London Interscience Publishers, Inc , 1959 ) 


strength and spheruhte growth, and anisotropic 
properties of stramed visco-elastic fluids Perhaps 
a better grouping of subject-matter would be— 
preparative techniques , physical properties, char- 
acterization and constants, and applications 

The present tendency for publication of specialist 
journals, as distinct from the journals of learned 
societies of wider scope, must be taken as an mevit- 
able consequence of increased specialization Although 
1t may facilitate the task of the scientist wishing to 
keep together papers on his own research subject, 
1t has made ıt almost impossible for him to pay for 
the subscriptions The stage has been reached where 
even the smaller scientific libraries cannot hope to 
purchase more than a small fraction of these specialist, 
journals This situation 1s likely to worsen, and the 
research man will have to visit large central libraries, 
or rely on abstracts to track down new papers of 
interest to him Perhaps one solution 1s for the smaller 
libraries to pool some of their resources on a local 
basis, by arrangmg regular circulation through 
several laboratories In any event one would like to 
see an extension of the system of reduced rates for 
persohal copies The increased cost cannot be blamed 
on the publisher, the cost per page has remained 
constant at 2 5 cents since 1952 The new Journal 
18 somewhat larger in page size than the earlier pubh- 
cation, and this has 1mproved the presentation and 
layout 
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MEASUREMENT OF COSMIC NOISE AT LOW FREQUENCIES 
ABOVE THE IONOSPHERE 


By J P | TYAS, C A FRANKLIN and A R MOLOZZI 


Defence Research Telecommunications Establishment, Ottawa 


HE Canadian Defence Research Board, m co- 
operation with the National Aeronautics and 

Space Administration, 1s at present designmg a 
2-15 Me s swept-frequency ionosphere sounder to 
be launched as an Earth satellite by a United States 
vehicle The prelmunary design objective calls for 
operation over a one-year period in an elliptical orbit 
with a perigee and apogee of 300 and 1,200 miles, 
respectively Power will be derived from the Sun 
via solar cells and nickel-cadmium rechargeable 
batteries 

System studies have shown that cosmic noise 18 
likely to be an important factor ın determunmg the 
mmmum sounding power for a satisfactory signal to 
noise ratio Published figures for cosmic noise at 
3 Mc /s give brightness temperatures varymg between 
7 x 10° °K t and 120 x 109 °K 28 Measurements an 
the Earth's surface, particularly at such low fre- 
quencies, inevitably mvolve assumptions concerning 
transmission losses through the ionosphere, and for 
frequencies less than approximately 15 Mc /s the 
accuracy of existing data on cosmic noise 1s question- 
&ble*t5. A direct measurement of this noise using 
either a rocket or satellite 1s therefore indicated, and 
the results obtained would have the added merit of 
bemg of considerable interest in the field of radio 
astronomy 

Giound-based radiometers have been described by 
several authors*", and design techniques appropriate 
to the ground environment are by now well estab- 
lished By comparison, a radiometer for use in a 
sounding rocket or a satellite is severely lımıted m 
its dimensions, weight, and power consumption In 
addition, ıt must also survive the mechanical and 
thermal shocks associated with a rapid ascent 
through the Earth’s atmosphere 

It 1s found that the successful mstrumentation of 
such a radiometer depends critically on the design of 
a suitable low-frequency aerial and reference noise 
source The use of one or more Hertzian dipoles, on 
a space vehicle, poses a formidable aerial calibration 
problem, which becomes increasingly serious as the 
frequency ıs reduced This approach was therefore 
abandoned m favour of the magnetic dipole, which is 
easier to calibrate since 16 18 relatively unaffected by 
the proximity of the ground or other conducting 
surfaces 

Optımum utilization of a given volume of ferrite 
has been mvestigated, and it 1s of interest to consider 
the design and efficiency of a parr of loop aerials at 
3 Mc /s usmg 300 gm of ferrite 

Two 18 cm x 3 cm x l em rectangular cores, 
each made up of three plates of ferrite, were space 
wound so that each winding covered 80 per cent of 
the length of its ferrrte core The calculated raguation 
resistance of each aerial was 


4 x 10 Q 
and was found to be negligibly small compared witn 


the equivalent series resistance due to core and 
copper losses 


For a bandwidth of 80 ke /sec , and with the two 
aerials connected m series, the power available at 
the mput termmals of the receiver is 


4H? x 10-15 watts 


where E ıs m uV [metre This power is 39 db below 
that available from a matched, loss-less, half-wave 
dipole 

Transistor receivers with equivalent input noise 
temperatures of 600° K at 3 Me /s have been con- 
structed, and if the brightness temperature of the 
cosmic noise 18 120 x 10° “K, the signal to noise 
ratio at the receiver output will be 11 db This 
includes an additional aerial loss of 3 db due to the 
random polarization of the noise 

Errors due to changes in the gain and band-width 
of the receiver are reduced by contmuously switching 
the receiver input between the aerials and a reference 
noise source At the output terminals of the recerver 
the ratio of the switched power-levels 1s 


G(Py + Pra) _ Py + Py 
GPNa Py: 


and ıs independent of the receiver gain (Py 1s the 
noise power from the aerials, Py, is the equivalent 
input noise power due to the receiver when connected 
to the aerials , Py. 1s the mput noise power duo to 
the receiver and reference noise source when the 
aerials are disconnected , and G 1s the power gain of 
the receiver) The addition of an AGC loop m- 
creases the dynamic range of the receiver to approx- 
imately 50 db and converts the output into a voltage 
suitable for telemetermg to the ground If the 
AGC time constant ıs short compared with the 
period of rotation of the rocket or satellite, the 
existence of directional properties m the cosmic noise 
may be observed 

The overall accuracy of the mstrument depends 
largely on the stability of the reference noise-level 
and the accuracy with which the aerials can be 
calibrated on the ground An avalanche diode 1s 
used as a reference noise source and its case tem- 
perature is monitored on a separate telemetry 
channel Laboratory tests on this radiometer mdicate 
an overall probable error of less than + 2 db ın the 
measured cosmic noise intensity 

Errors due to atmospheric and man-made inter- 
ference (including radiation from ground-based trans- 
mutters) will be negligible at frequencies less than the 
minimum. penetration frequency of the F, layer 
Since the radiometer will be operating m an ionized 
medium, the electron density m its immediate vicinity 
will set a lower limit to the frequency at which cosmic 
noise can be measured In practice, this low-frequency 
cut-off wil be modified by the Earth's magnetic 
field, and may also be higher than the local plasma 
frequency if regions of increased electron density 
exist above the radiometer At very high altitudes 
it ıs possible that the Van Allen belts may play a 
significant part m filtermg out the low-frequency end 
of the cosmic noise spectrum. 
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A prototype radiometer ıs undergoing vehicle 
acceptance tests and the final instrument 1s expected 
to make the first measurements of cosmic noise 
above the ionosphere at 3 Mc/s in the near 
future 

The sensitivity and accuracy of the radiometer 
could be improved by havıng a controllable noise 
source and using the receiver as & null detector, a 
technique widely used on the ground A silicon diode 
operating 1n the avalanche mode generates noise, the 
level of which can be controlled by varying the dnect 
current flowmg through the diode* Thus, one 
has a semiconductor analogue of a temperature- 
limited diode, and radiometers of the type 
described by Ryle? become practicable for space 
vehicles 


SURFACE TOPOGRAPHY OF 
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The experrment will be extended at a later date to 
observe changes in the cosmic noise-level with fre- 
quency usmg a swept-frequency receiver By 
observing the wave-length at which the nouse-level 
starts to increase rapidly, plasma frequencies, and 
therefore electron densities, can be deduced at 
various heights over different parts of the world 
from a satellite travelling in an elliptical orbit 
1 National Bureau of Standards Circular No 557 (1955) 

? Reber, G , and Ellis, G R,J Geophys Res , 61,1, 1 (1050) 

3 Reber, Œ, J Geophys Res , 68,109 (1958) 

1 Roman, Dr N,NASA, Washington (private communication) 

5 Getmantsev, G G , Ginzburg, V L, and Schklovsku,I S,OFN, 
66, No 2, 157 (1958) 

* Dicke, R H ,Rev Ser Instr , 17, 263 (1946) 

* Ryre, M , Proc Roy Soc , A, 211, 351 (1952) 

e Champlin, K S,J App Phys , 80, 7, 1039 (1959) 

? Ryle, M,and Vonberg, D D , Proc Roy Soc , A, 193, 98 (1948) 


THE ANTARCTIC ICE SHEET 


By Dr J F NYE 
H H Wills Physics Laboratory, University of Bristol 


T has been reported by Laster and by Pratt’? 
that the surface of the Antarctic 1ce sheet over much 
of the route of the Trans-Antarctic Expedition con- 
sists of a series of undulations with wave-lengths of 
5-30 km and a mean amplitude of about 20m In 
this respect the surface differs markedly from that 
of the Greenland ice sheet which, except near the 
margins is generally much more umform*? The 
question then arises as to whether the undulations 
seen m Antarctica are due to some effect of wind, 
which causes the snow to accumulate preferentially 
in certam places, or whether they are the result of 
unevenness m the rock bed upon which the ice sheet 
les The followimg analysis leads to the conclusion 
that the latter explanation 1s the right one, and that 
we may hope to discover much about the topography 
of the bed simply by an mspection of the surface 
Owing to the higher temperature of the lower layers 
of ice, and the large effect of temperature on the creep- 
rate of ice, the outward motion of the ice sheet 
probably takes place almost entirely by sliding on 
the rock bed (combined with rapid shearing im a very 
thin layer at the bottom)! The velocity of sliding u 
will depend on the shear stress ~ at the mterface, the 
effective roughness of the bed, and the temperature 
(and possibly on the hydrostatic pressure) At a 
given place on the bed let us assume that 
TNR 
u= (3) 0 
where A and m are constants According to Weert- 
man’s calculation’, which 1s appropriate where the 
ice ın contact with the rock ıs at the pressure melting- 
point (which may be the case in parts of Antarctica), 
the value of m ıs 20r 2 5 71s given approximately® 
by egha, where p 1s the mean density, h 1s the thick- 
ness, and « 1s the (small) slope of the upper surface 
averaged over a distance ~h Hence 


u = (PY e) 


u at a pomt is thus determined by the slope of the 
upper surface and the thickness at that pomt On 
the other hand, m a steady state, where the accumula- 
tion of snow on the upper surface 1s just balanced by 
the outward flow, u 1s also determined by the rate of 
accumulation of snow, integrated between the place 


under consideration and the ‘centre’ of the ice sheet 
This makes ıt possible, m principle, to calculate the 
steady-state profile of the upper surface, and with 
certam smophfying assumptions, such as uniform 
roughness of the bed, some analytical solutions can 
be derived* 

Our present concern, however, 1s with departures 
from the steady state, and here the appropriate 
analysis has already been performed by Weertman’ 
He uses equation (2) and considers an 1ce sheet moving 
down a uniform plane bed of slope B in the direction 
Oz, the assumption of uniform slope ıs not ın fact 
necessary, and we may put f a function of v without 
altermg the result (The effect of non-uniform rough- 
ness is treated in ref 4) In the steady state, the 
thickness 18 ko(x), the velocity 1s uo(z), and the thick- 
ness of 1ce added at the upper surface per unit time 1s 
a(z) We put dh /de = — qs (qo 18 positive) and 
Xo = Qo + B, so that a 1s the steady-state slope 
of the upper surface Let there now be a departure 
h, (v, t) from the steady-state thickness, where 
h, Kho, Oh, [0v «& qo, hilt K a, Oh [3x K day/dr 
Weertman then shows, solely from equation (2) and 
an equation of continuity, that the subsequent history 
of this perturbation 1s given by 


Oh, 0h, Oh, 
E Qe tP e (3) 
B, C and D being fixed by the steady-state parameters 
as follows 
B = (m + 1) (poo + @)/ho 
€ = ((m + 1) («o + eus — (m — 1)aa, 
D = mus 


— Bh, — C 


The three terms on the right 1n equation (3) have 
simple meanings?’ The term — Bh, represents an 
exponential decay with a time constant B- Putting 
m = 2 5, ho = 8,000 m, uo = 20 m /yr, po = 3 x 
10°, a= 0 1 m/yr gres B-!— 5,000 yr This 
term is concerned with departures from the equi- 
brium *thickness, rather than from the equilibrium 
slope It shows that such departures, extending, 
as we shall see, over long distances comparable with 
the size of the whole ice sheet, can persist for several 
thousand years—long, that 1s, compared with the 
period for which the rate of accumulation can be 
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considered steady The term — O@h,/da represents 
a travelling wave of constant h, moving with a velocity 
C This wave is alan to the kinematic waves of 
Lighthill and Whitham? Putting %) = po and the 
other values as before grves C = 90 m lyr (We may 
note in passing that, for small uo, C can be negative 
that 1s, the wave can travel upstream This happens 
up to distances of about 200 km from the centre | 
The term .D9*h,|0x?, which is the one of primary 
mterest in the present application, represents an 
outward spreading and broadening of an initial dis- 
turbance m accordance with the diffusion equation 
The characteristic time for the ‘diffusion’ process will 
depend on the length of the waves If there are sur- 
face waves of wave-length à, the characteristic time 
2 -1 
will bet (B + $ ai ) Putting in numerical values 
is before and takmg à = 12 km (the mean observed 
vave-length), we find the time to be 0 07 yr (Bis 
1eghigible here) Thus surface waves as short as 
2 km will disappear m a matter of months In 
xder to survive for one year, a wave would need to 
aave à > 40 km, and for 10 years, A> 140 km 
i wave with 4/2 equal to the width of the ice sheet 
4,000 km ) would last for 5,000 years At the other 
xtreme we must recognize that the approximations 
f the theory break down when the wave-length 
'eeomes smaller than the thickness of the ice sheet, 
ay, 3 km, and waves with À « 3 km —sastrugi, 
or example—will not be elammated by the above 
aechamsm Thus we conclude that departures from 
he equilibrium form of the ice sheet cannot survive 
or longer than one year if ther wave-lengths are 
iebween about 3 (or less) and 40 km 
The physical reason for this result may be explamed 
s follows The upstream side of a crest will have a 
maller slope than normal, and the downstream side 
nll have a greater slope This causes a greater shear 
‘ress on the bed, and therefore a greater velocity, on 
2e downstream side The crest 1s therefore stretched 
ad flattened If, however, the crest 1s narrow com- 
ared with the depth of the 1e sheet, as in sastrugi, 
1e changes of slope do not affect the shear stress on 
1€ bed, and so the crest survives At the other 
xtreme, if the crest 1s very extensive, the additional 
irvature of the surface 1s so slight that a long tıme 18 
eded to eliminate ıt Between these two extremes 
ere Is a range of wave-lengths where the crests 
sappear in times less than one year 
It follows from this analysis that, 1f comparatively 
ng-hved undulations are observed m the range of 
ave-lengths where waves are quickly elimmated, 
ey cannot be departures from the equilibrium 
ofile but are the result of the topography of tho 
d This conclusion, from purely mechanical reason- 
g, will apply to the surface waves with A ~ 12 km 
en in Antarctica, provided the waves cannot build 
' by preferential accumulation in very short times 
cording to the above figures they could only be 
ie to preferential accumulation if they were built 
' withm a few months—and this seems exceedingly 
dikely m view of the measurements of annual 
cumulation interpreted from cores drilled on the 
wes by the Trans-Antarctic Expedition durmg 
e crossing’? Incidentally, if our conclusion that 
e waves are the result of bed topography 1s 
rrect, one might expect to find the accumulation 
ther greater m the sheltered hollows than on the 
posed crests, and this does appear to be the case! 
We must now ask how the topography of the bed 
Il mfluence the surface If m were mfinite, equation 
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(1) shows that the velocity of slidmg would be 
zero up to a critical shear stress A, and, when + = A, 
u could take any value  Puttmg m infinite in fact 
leads to the older theory* in which « was regarded as 
constant everywhere on the bed of an ice sheet 
In this approximation, therefore, h 1s proportional to 
Ife Usmg this approximation, Bourgoim? has 
succeeded m makmg a detailed correlation between 
the very shght relief of the surface of the Greenland 
ice sheet and the relief of the bed measured by seismic 
soundmg He found that an unevenness of the surface 
of as httle as 10 m between two pomts 30 km apart 
denoted the presence of a hill in the bed rock about 
350 m high This theory can now be improved by 
using the more general relation (1), in which m is 
finite and which allows for changes m « It is then 
found‘ that a hill on the bed of height p, where 
p «€ h, produces (a) a change m height of the surface 
which is an order of magnitude less than p, (b) a 
change Aa in surface slope where 

Aw _ m+i1p " p 

« mh ~ 55 h (4) 


and (c) a change Ar of shear stress on the bed, where 


(8) 


Thus a mountam 300 m high covered by 1ce 3,000 m 
thick shows itself as a change m height of the surface 
small compared with 300 m (as verified by Bourgom’s 
work), a change in surface slope of 14 per cent, and 
a change of shear stress on the bed of 4 percent The 
smallness of this last figure ıs the reason for the 
success of the older theory m which twas regarded as 
constant 

In order to deduce the height of a buried mountain 
from the change of slope of the surface that it pro- 
duces, we write (4) as 


m h ^a 
ml wx ~ (6) 
The value of p deduced by putting m infinite ıs 
h Aaja Thus with the new theory, which allows 
7 to vary, we deduce values of p which are 70 per cent 
of those deduced on the older theory Generally 
speaking the accuracy of the seismic methods used 
in Greenland (and Antarctica) 1s not yet sufficient to 
check this change in the theoretical prediction 

The fluctuations of surface slope observed m 
Antarctica are comparable with the average slope 
itself, and ıt follows from (4) that the heights of the 
submerged mountams are a large fraction of the 
total thickness of the 1ce sheet We are thus left 
with the conclusion that the surface waves m Antarc- 
tica, small as they are, reflect & very considerable 
relief of the rock bed—a relief which 1s already 
becoming apparent from the seismic and gravity 
work Greenland is very different, there the bed is 
comparatively uniform m the regions so far studied, 
and this shows itself in the extreme uniformity of the 
surface 


hA 
p= i 


! Geophysical Discussion of the Royal Astronomical Society, February 
C180) Geophys J (ın the press) See also Nature, 188, 1575 

* Lister, H (private communication) 

* Bourgoin, J P , Annales de Géophys , 19, 75 (1956) 

“Nye, J F,J Glacwl , 8 (Oct ) (1959) 

5 Weertman, J ,J Glaciol , 3, 33 (1957) 

*Nye, J F , Nature, 169, 529 (1952) 

7 Weertman, J, Union Géodésique et Géophysique Internationale, 


Association Internationale d'Hydrologie Scientifique, Symposium 
de Chamonix, September 16-24, 162 (1958) 


*lighthil, M_J , and Whitham, G B, Proc Roy Soc, A, 229, 281 
(1955) Nye, J F , Nature, 181, 1450 (1958) 
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NUCLEOTIDE-PEPTIDE COMPOUNDS OF SACCHAROMYCES 
CEREVISIAE 


By G. HARRIS and J W DAVIES 


Brewing Industry Research Foundation, Nutfield, Surrey 


Synthetic ‘Active’ Nucleotide-Peptide 
Compounds 


HE iecent demonstration! of the presence in 
strains of Saccharomyces cerevisiae of nucleotide— 
peptide compounds contaming an active carboxyl 
group m the peptide moiety and the isolation of 
mdividual compounds of this nature’, which may 
function as protem precursors, made 1b clearly desu- 
able to prepare model ‘active’ compounds 
Methods already available*-* for the synthesis of 
the related amuno-acd adenylates have therefore 
been applied to the elaboration of certain nucleotide- 
peptide compounds For example, application of the 
method of Berg’, as modified by Kingdon e£ al * to 
the condensation by means of dicyclohexyl carbo- 
dumide in aqueous pyridine of adenyhe acid with 
leucylglyeme, has yielded a mixed nucleotide-peptide 
anhydride, although only m small yield The crude 
pioduet was obtamed from the reaction mixture by 
precipitating ıt by means of acetone, extracting the 
dried precipitate with weak acetate buffer at pH 4 0 
and removing contammating adenylic acid and poly- 
mers by adsorption of these impurities on *Dowex-1' 
(formate) It was further purified by chromatography 
on Whatman 3 MM paper in the solvent system, 
n-propanol-ethylacetate—water (7 1 2, v/v), elution 
with cold water and evaporation of the resulting 
solution m the cold 
The product had an Er value of 0 20 in. the above 
chromatographic solvent and was therefore well 
differentiated from unchanged leucylglycine havmg 
an Rp value of 0 32 It gave a characteristic red 
coloration with nmhydrm reagent on paper and a 
strong red-brown coloration due to the formation of 
a forne hydroxamate on treatment with hydroxyl- 
amune followed by ferric chloride under the conditions 
recommended by Koningsberger et al! These colour 
reactions and the behaviour of the compound on 
*Dowex-l' (formate) resemble closely those given by 
the correspondmg products from yeast With the 
latter, the synthetic compound shares also the further 
characteristic properties of migrating towards the 
cathode on electrophoresis on paper m acetate buffer 
at pH 4 0 and of having an ultra-violet absorption 
spectrum of the type given by the corresponding 
nucleoside Fiom a consideration of its properties, 
the mode of synthesis and the fact that the compound 
yielded on hydrolysis equimolar proportions of 


o 








j | 
ČH, O P O CO CH, NH CO CH NH, 


adenine, ribose, phosphoric acid, leucine and glycine 
1t may be deduced that the nucleotide-peptide ba: 
the structure (I) This resembles closely certain of the 
yeast constituents which, however, contain uracil ax 
place of adenme, and ıt ıs of interest to record tha 
replacement in the above synthesis of adenylic acic 
by uridyhe acid results in the formation of a produc: 
of very simular properties with the exception that v 
1s less readily desorbed from ‘Dowex-1l’ (formate) 
Agam, the substrtution of the tripeptide DL-leucy 
glycylglyeme for the above dipeptide yields analogou: 
products, and present efforts are therefore being madı 
to extend the synthesis to certam. of the naturally 
occurrmg nucleotide-peptide compounds 


A Second Nucleotide-Peptide Compound 
from Brewers’ Yeast: Isolation and 
Structural Observations 


Tum initial discovery? of a nucleotide—peptide com 
pound in cold ethanol extracts of a brewer's yeas 
and the possibilty that such compounds might pla; 
a part m protem synthesis prompted a search fo 
othe: substances of this nature It has now bee! 
observed that extraction of Saccharomyces cerevisia 
(No 240 of the British National Collection of Yeas 
Cultures) by means of hot aqueous ethanol, followin 
inactivation of the cells with cold ethanol and ether 
yields a mixture contaming several nucleotide 
peptide compounds Treatment of the extract wit] 
*Dowex-1' (chloride) resulted ın adsorption of certau 
of these compounds among others on the resm, whil 
desorption of some of the adsorbed material wa 
achieved by tieatment of the resm with acetat 
buffer solution at pH 50 ‘The concentrate thu 
obtained was freed from various nucleotides, peptide 
and ammo-acids by successive adsorption of thes 
compounds on ‘Dowex-1’ (formate) and ‘Amberlit 
CG 50° (acid form) and was then subjected to electrc 
phoresis in acetate buffer at pH 4 0 on Whatma: 
No 3 paper Elution by means of cold water of tha 
material on the final electropherogram which had th 
properties of (a) migrating towards the cathod 
(b) reacting with hydioxylamune to form a hydroxami 
acid}, and (c) yielding a coloration with nmhydru 
gave a preparation, which on freeze-drymg an 
freemg from salt by solution m wet ethanol, followe 

by precipitation with ether, yielded a homc 
geneous nueleotide-peptide 


CH, CH CH, The product migrated as a single narro 
band on electrophoresis as above an 
CH, formed one well-defined chromatograph: 


zone in the solvent systems compose 
(a) of butanol, acetic acid and water (4 1 

viv), and (b) of ethyl acetate, propan 
and water (1 7 2, v/v) As indicate 
above, it formed a hydroxamue acid o 
reacting with hydroxylamme under tt 
conditions described by Koningsberger 


No. 4689 September 12, 1959 


4! and 1t gave a red coloration on heating with 
unhydrm In acid solution, its absorption. spectrum 
hsplayed maxima at 235 and 265 mu, the peaks 
‘orresponding presumably to the absorption due to 
he peptide and nucleotide moxeties, respectively 
Che molecule was broken down ito its constituent 
arts by treatment with cold alkalis, for example 
odium hydroxide, aqueous ammonia or hydroxyl- 
mine, the nucleotide portion displaymg the 
hromatographie?, electrophoretic and hght absorp- 
10n properties characteristic of uridme-5’-phosphate 
Che peptide-hydroxamie acid formed by treatment 
f the ongmal nucleotide peptide with hydroxyl- 
mine behaved chromatographically as a single 
ubstance which on hydrolysis with acid yielded 
nly argmine and «-alanine as judged by chromato- 
raphy and colour reactions? The treatment with 
lkahs naturally resulted in the loss of reactivity 
awards hydroxylamine 








OH 
VA 
1 5 
ok 4,0 > (0) 
NL N. ÓH,O.POCOR 
| 
K Ü ÓH 
NV 
OH OH 
qn 


there R represents a tetiapeptide residue consisting 
f two arginme and two a-alanme units 

The presence of a uridyhe acid residue m the 
ucleotide-peptaide compound was confirmed by 
ydrolysmg the latter material (a) with formic acid 
> produce uracil, itself estimated by 10n-exchange 
nomatography?, (b) phosphate” (1 mole) and 
) x1bose (1 mole)!!! The composition of the 
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peptide was ascertamed by hydrolysis with hydro- 
chlorie acid followed by chromatogiaphy on paper 
The arginme and «-alanine were eluted by means of 
dilute acid and estimated by the colorimetric method 
of Yemm and Cocking’, whereupon i5 was found 
that the molecule contamed two resıdues each of the 
above amıno-acıds The evidence indicates that the 
nucleotide-peptide now described 1s a mixed an- 
hydride (II) of uridine-5’-phosphate with a tetra- 
peptide contaimmg two units of «-alanine and two 
units of argmine The site of the ‘active’ anhydride 
gioupmg at the 5’-position of the uridine-5’-phosphate 
is indicated (a) by the loss of reactivity towards 
hydroxylamme comeident with fission of the mole- 
culo by means of alkalis, (b) the formation of a 
peptide-hydroxamie acid, and (c) by the fact that 
the compound itself i5 immediately abtacked by 
periodate, thus demonstrating the lack of sub- 
stituents on the 2’ and 3’ postions The close 
structural relationship between the nucleotide— 
peptide here described and the mixed 5’-phospho- 
anhydrides of adenosme-5’-phosphate wrth various 
single ammo-acids, taken together with the fact that 
the latter anhydrides aro held to be implicated in 
protem synthesis, suggests that the peptide deriva- 
tives also might play a part m cell growth 
* Koningsberger, V V , van der Grinten,C O ,and Overbeek,J T G, 
Biochem Biophys Acta, 96, 483 (1957) 
* Harris, G , Davies, J W , and Parsons, È , Nature, 182, 1565 (1958) 
° Berg, P , Fed Proc ,16, 151 (1957), J Biol Chem » 283, 608 (1958) 
‘Kingdon, H 8 , Webster, L T , and Davie, E W »Proe US Nat 
Acad Ser , 44, 757 (1958) 
* MeCorquodale, D J , and Mueller, G C , Arch Biochem Biophys , 
77, 13 (1958) 
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SYNTHESIS AND PROPERTIES OF I-GLYCERYL-2-MYO-INOSITYL 
PHOSPHATE 


HE simplest member of the glycermosityl 
Ie is considered to be a diacyl 
rivative of 1-glyceryl-2-myo-mosityl phosphate 
)-*, since on hydrolysis ıt yields glycerol, myo- 
ositol, glyceryl phosphate, myo-mosityl phosphate 
id fatty acids, the ratio fatty acids, glycerol, 
ositol, phosphorus bemg 2 1 1 1 


OH (0) 
HO /i o_t_o_oH, 
YY OH | 
EN e OH CHOH (Acyl) 
jn CH,OH (Acyl) 
H 
(I) e 


Although there 1s strong evidence for formula (I), 
ubt still exists concerning the position of the 
iosphate group because of its tendency to migrate 

adjacent hydroxyl sites under the conditions 
' hydrolysis? We have therefore synthesized 


1-glyceryl-2-myo-mosityl phosphate for comparison 
with the natural product This was kindly under- 
taken by Dr J N Hawthorne, who found our syn- 
thetic product identical with his own specimen, 
isolated from ox liver and with a specimen synthesized 
by a different route (see second communication) 

T MALKIN 


Synthesis of I-Glyceryl-2-myo-inosityl 
Phosphate 


3 4 5 O0-TETRACETYL-mjo-INOSITOL' m pyridine, 
when treated with 1 25 moles of acetyl chloride ın 
benzene, yielded 1 3 4 5 6-pentacetyl-myo-mositol 
in 78 per cent yield, shown by mixed m p 172-74°C, 
and mixed m p of p-nitrobenzoyl esters 232-35? C , 
to be identical with the pentacetate obtained by the 
Stereospecifie1eduction of pentacetyl-scyllo-mosose®10 
This pentacetate, when treated with phenylphos- 
phorodichloride, 1 1 moles, m lutidine at 40°C for 
48 hr, followed by addition of 1 2-sopropylidene- 
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glycerol, 5 moles, at 50°C, and stirring for 36 hr, 
gave 1 2-zsopropylidene-glycery]-pentacetyl-2-myo- 
mosityl-phenylphosphate, as colourless crystals from 
ethanol, m p 140-42? C , in 52 per cent yield (found 
C, 510, H, 57, P, 47 CegHs,0,6P requires 
C, 509, H, 56, D, 47 per cent Hydrogeno- 
lysis in ethanol or ethyl acetate, m the presence 
of Adams’s catalyst, removed the phenyl group, 
and the resultant acidity was sufficient to cause the 
loss of the «sopropyhdene group, on dissolution in 
water and standmg overmght Evaporation of the 
solvent at < 40°C gave the glyceryl-pentacetyl- 
mosityl-phosphate as a deliquescent glass, which 
was characterized as the cyclohexylamune salt, m p 
204°C (found C,462, H,67, N,22, P,4 7 per 
cent, C,EH,,0,,P N requires C, 466, H,65, N, 
22, P, 48 percent Sodium methylate ın methanol 
converted the pentacetyl compound mto sodium 
glyceryl-myo-mosityl-phosphate, which was separ- 
ated in a centrifuge and converted into the free acid 
by passing an aqueous solution down a column of 
‘TR 120 resm Evaporation to dryness at < 40° C 
gave a deliquescent glass, which was quite unsuitable 
for characterization or for handling Sodium, 
potassium and barium salts were made by passmg 
an aqueous solution of the phosphate down a column 
of ‘IR 120 resin m the appropriate basic form Both 
the former are very delquescent, but the latter is 
less so and can be handled reasonably well The 
removal of protecting groups 1s carried out with an 
overall yield of 70-75 per cent 

Sımce most of the natural glyceryl phosphatides 
occur m the L-form, we have carried out the same 
synthesis, usmg D-zsopropylidene glycerol", which 
yields the r-glyceryl phosphate , but although various 
optically active mtermediates were obtamed, the 
final glyceryl-mosityl-phosphate was active Race- 
mization 1s, of course, to be expected, once the pro- 
tectimg wsopropylidene group is removed, because of 
the phosphate equilibrium between the 1 2-positions 
of the glycerol, and this appears to be particularly 
rapid, when all the protecting groups are removed 
It 15, however perhaps too early to discuss this 
aspect of the work in detail, as so little 1s yet known 
about the activity of the natural compounds 

r-w0propyhndene-glyceryl-1l 3 4 5 6-pentacetyl- 
myo-mosityl-phenyl-phosphate was made as described 
for the Dr-compound The mp and mixed mp 
with the Dr-compound are surprisingly the same 
(140-42° C ) , [a] 9? + 2 34°C m chloroform, [a] ° + 
2 4 ın ethyl acetate 

Hydrogenolysis of the above and neutralization 
with N/10 sodium hydroxide (phenolphthalem) 
gave sodium L-zsopropylidene-glyceryl-1 3 4 5 6- 
pentacetyl-myo-mosityl-phosphate, [a«]/9^--3 25°C, 
m chloroform (found C, 433, H, 52, P, 50 
C,,H4,0,,P Na requires C, 43 5, H, 5 2, P, 5 Oper 
cent) This, on deacetylation, gave sodium L-esopro- 
pylidene-glyceryl-myo-mnosityl-phosphate as a de- 
liquescent white powder , [«]77° — 1 04? C 1n water 

For comparison with the natural products, we 
sent the barium salt of glyceryl-myo-mosityl phos- 
phate, prepared from D-esopropylidene glycerol, to 
Dr J N Hawthorne Our own hydrolysis and paper 
chromatographic comparisons showed it to be 
identical with that obtamed from inactive zsopro- 
pyhdene glycerol 

J EH Davies 
T MALKIN 
Department of Chemistry, 
University of Bristol 
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I-Glyceryl-2-myo-inosityl Phosphate : 
Alternative Synthesis and Behaviour 
on Hydrolysis 


By a mild alkalme hydrolysis of liver phosphatidy 
mositol (Formula I, previous communication) th 
two fatty acids have been selectively removed, an 
glyceryl-myo-mosityl phosphate prepared Afte 
purification on an 10n-exchange column, 1b has bee 
broken down to a mixture of glycerophosphate an 
mositol monophosphate by hydrolysis with 0 51 
sodium hydroxide at 100°C for 40 nun? Fc 
comparison with glyceryl-myo-mosityl phosphat 
prepared in this way, a synthetic sample was require 
1-Glyceryl-2-myo-mosityl phosphate was chosen fc 
this work 

The method of phosphorylation used 1n the preser 
synthesis 1s that which has been developed by Gulhaa 
and Khorana!?? a phosphate monoester and a 
alcohol, under the mfluence of dicyclohexylearbod 
mude ın anhydrous pyridme, condense together { 
give a phosphate diester (This work began befo: 
the method of Gilham and Khorana appeared W 
are grateful to Dr Khorana for sending details . 
advance of publication) This method has n 
previously been applied to the syntheses of phosph: 
lipids or thew mtermediates 

The alcohol used ın the present work was DL-45 
propylidene glycerol! and the phosphate monoest 
was 1 3 4 5 6-penta-acetyl-myo-mositol-2-pho 
phate This latter compound was prepared by 
modification of Iselin’s five-stage synthesis? my 
mositol was oxidized by Acetobacter suboxydans t 
scyllo-mosose This was acetylated to its pent: 
acetate with acetic anhydride containing 0 3 per ce: 
perchloric acid The catalytic reduction of th 
compound ıs difficult!®, presumably because tł 
carbonyl group is sterically hindered and ib wi 
eventually found necessary to carry out the hydr 
genation m glacial acetic acid The reaction 18 n 
completely stereospecific 1n this solvent and a mixtw 
of myo-mositol and scyllitol penta-acetates 1s forme 
The mixture was phosphorylated with diphen: 
phosphor ochloridate m pyridine at 80°C for 20h 
The product, recrystallized from dry ethanol, he 
mp 183-88°C The yield was 66 per cent T} 
phenyl groups were removed by hydrogenolysis : 
dry ethanol with Adams’s catalyst, and the contan 
inating scyllitol isomer was then removed by fraction 
erystallization from the concentrated ethanol solutic 
at room temperature, the penta-acetyl scyllit 
phosphate had mp 249-51°C, yield 5 per ceni 
the penta-acetyl inositol phosphate had mp 23( 
32°C after recrystalhizimg fiom dry ethanol, yie. 
64 per cent 

Dt-tsopropylidene glycerol (0 5 ml) and pent 
acetyl mositol-2-phosphoric acid (0 2 m mole) we 
allowed to react together ın anhydrous pynidu 
(5 xol) with dicyclohexylearbodumide (1 5 m mole 
for 2 days at room temperature Water was adde 
and the preeipitated dicyclohexylurea removed | 
centrifugation The zsopropylidene group was 1 
moved by stirring with a largo excess of ‘Zeo-Karb 22 
(H+-form) overmght The solution was concentrate 
to g small volume wm vacuo at a bath temperatu 
of less than 40°C and the acetyls removed as the 
hydioxamates hydroxylamme was prepared |. 
reaction of its hydioehloride with the calculate 
amount of sodium metal in dry methanol and add 
in excess to the phosphate solution It was allow: 
to react for 20 mm 
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The reaction mixture contamed 25-30 per cent 
glyceryl-myo-mosityl phosphate, free mogitol mono- 
phosphate, and a third component which 18 probably 
bes mositol pyrophosphate These compounds were 
separated by chromatography on ‘Dowex-]’ usmg 
borate-formate mixtures for elution’? The synthetic 
glyceryl-myo-mosityl phosphate was eluted at the 
same formate concentration as the natural matenal 
Determination of glycerol by the chromotropie acid 
*method! showed a glycerol to phosphorus molar 
datio of 1 0(03)/1 

The synthetic produet was subjected to the same 
alkalme hydrolysis that has been used for the 
glyceryl-myo-nosityl phosphate isolated from the 
mositide The hydrolysate, complexed with borate m 
she usual manner, was analysed mto its components 
m a ‘Nalerte SAR’ column No phosphate was 
now eluted with the glyceryl-myo-mosityl phosphate 
luting agent, but two peaks appeared m the positions 
where mositol monophosphate and glycerophosphate 
we known to occur Only the second, corresponding 
o glycerophosphate, contained glycerol 31 per cent 
X the phosphorus was present in the mositol phos- 
?^hate peak 

For comparison, the barium salt of glyceryl-myo- 
nosityl phosphoric acid prepared in the Bustol 
aboratories was hydrolysed by the same method 
Analysis by the chromotropic acid method showed 
hat 1t contained the theoretical amount of glycerol 
Che mositol monophosphate and glycerophosphate 
xoduced by hydrolysis were separated on a column 
is above In two analyses 31 and 35 per cent of the 
hosphate m the hydrolysate was in the form of 
aositol monophosphate 
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This hydrolytic pattern agrees well with that 
obtained with glyceryl-mys-mosityl phosphate pie- 
pared from the hver phosphatidyl mosto? ^ In 
addition, Hanahan and Olley!’ found that alkalne 
hydrolysis of the lipid itself gave 35 per cent phos- 
phorus in the form of mositol phosphate It is 
likely, therefore, that the natural product has a 
Similar configuration, mvolving mositol-2- or l-phos- 
phate A decision between these two should be possible 
since only the 1-compound 1s optically active?* 

R B Ers 
J N HAWTHORNE 
Department of Medical Biochemistry 
and Pharmacology, 
Medical School, Birmingham. 15 
June 9 
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FUNCTIONAL ORGANIZATION OF THE RESPIRATORY CHAIN 
IN LIVER MITOCHONDRIA 


By Dr TOKUIJ! KIMURA and Da. THOMAS P. SINGER" 
Edsel B Ford Institute for Medical Research, Henry Ford Hospital, Detroit 


HE question of whether the mitochondrion is 

compartmentahzed mto separate respiratory 
iains serving the ondividual cytochrome-lmked 
shydrogenases and acting independently of each 
wher, or whether all or most of these dehydro- 
mases are structurally and functionally linked to 
common electron transport system, has been an 
xen and much debated one In the past, two major 
yproaches have been used to explore this question 
ne entails the wsolation of mitochondrial fragments 
pable of oxidizing only one substrate at significant 
tes (such as a reduced diphosphopyridine nucleotide 
adase preparation?) and the other the measurement 
the extent of reduction of the various cytochrome 
mponents in anaerobiosis in intact mitochondria? 
sewbere?, we have discussed the hmutations of these 
ethods and the consequent uncertainties of the 
nelusions derived from them application A series 

alternative methods have been*employed by 
ngler and Smger*4 to a study of the respiratory 
ain m biam mitochondria and some of the sdime 
sthods have been applied by Wu end Tsou* to 
xln-Hartree preparations of pig heart mn their study 
the interrelation of suecemie and reduced diphospho- 
ridme nucleotide oxidases 
' Established investigator of the American Heart Association 


The followmg possibilities have been considered in 
the present study (1) There may be a separate and 
distmet cytochrome chain serving each cytochrome- 
reduemg dehydrogenase m mitochondria, with no 
imterconnexion between the chains (2) Two or moie 
dehydrogenases may be attached to any given cham, 
but there ıs no functional interconnexion between 
the chams (3) Two or more dehydrogenases may be 
lnked to à given cytochrome chain, and there 1s inter- 
communication (that 1s, electron transport) among 
all the chains m. a grven mitochondrion The third 
alternative recognizes the least degree of specialization 
foi the election transport system Both alternatives 
(2) and (3) pose the further question as to the pomt 
in the chain at which a bifurcation to the various 
dehydrogenases might occur In the present investiga- 
tion these alternatives were examuned m sucrose 
mutochondria of rat liver, usmg the succinic and 
choline oxidase systems as indicators, smce both 
specific dehydrogenases have been isolated and suffi- 
ciently characterized to permit the conclusion that 
they are flavoprotems The techniques employed 
in order to decide among the aforementioned possi- 
bilities meluded (a) a study of the rate of the cross- 
reaction m anaerobiosis between the two dehydro- 
genases and of the effect of mbhibitors thereon; 
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Table 1 COMPETITION OF SUCCINIC AND CHOLINE DEHYDROGENASES 
FOR THE RESPIRATORY CHAIN 




















Oxygen | Fumarate 
Experi- Electron Substrate uptake formed 
ment acceptor (u atoms) | (u moles) 
1 Respiratory Succirate 40 0 86 0 
chain, cyt a; | Choline 20 0 
limiting (3 3 Succinate + 
mA azide) choline 35 6 28 0 
2 Phenazine Suceinate* 512 
metho- Choline 554 
sulphate Suecipate* + 112 
choline 
3 Respiratory Succinate 22 2 22 8 
chain, cyt Choline 12 5 
b— cı umit- | Succinate — 
ing (9 3 x choline 36 1 24 6 
10-7 M quino- 
line oxide) 




















*Sucemie dehydrogenase activity depressed by titration with 
malonate to the level of choline dehydrogenase 

Conditions Manometric assays at 30°, pH. 7 6, in the presence 
of 0 02 Af succinate and/or 0 017 Af choline and sucrose mitochondria 
of rat liver The reaction period and the amount of mitochondria 
were varied 1n the different experiments, but the results are expressed 
for a 15-min period and 1 ml mutochondrial suspension The latter 
contained 25 2 mgm protein in experimenta 1 and 2, and 25 9 mgm 
in experiment 3 In experiments 1 and 3,0 5 mgm cyt c was added 
Fumarate was determined, after deprotemization, with crystalline 
fumaiase and the malic enzyme of L arabenosus (ref 9) 


(b) comparison of the quantitative effect of the 
titration of mitochondria with iespmatory cham 
inhibitors on the two enzyme systems, (c) a study 
of the effect of depletion and re-addition of a specific 
component of the respnatory cham on the two 
activities , (d) competition experments between the 
two enzyme systems for specific components of the 
respiratory cham. 

The investigations of Slater* and of Wu and Tsou5 
of the reduced diphosphopyridme nucleotide and 
succime oxidases of heart and of Ringler and Singer? 4 
of the sucemue and o-glycerophosphorie oxidases of 
bram have ruled out the possibilty that separate 
and specific cytochrome chains serve these dehydro- 
genases ın the tissues mentioned, but did not permit 
distinguishing between alternatives (2) and (3) In 
contrast, the results of a comparison of the behaviour 
of choline and succinic oxidases m. rat liver did not 
seem to be readily reconcilable with the operation of a 
common respiratory cham and suggested that at least 
a part of ther cytochrome chains may operate inde- 
pendently of each other Thus, anaerobically, no 
oxidation of cholme by fumarate could be detected , 
the oxidation of choline and succinate via the com- 
plete cham was additive, not competitive , addition 
of cytochrome c to partially depleted mitochondria 
stimulated succmate oxidation three- to four-fold but 
did not affect choline oxidation, and titration with 
azide, cyamde, antimycin a, and 2-n-heptyl-4- 
hydroxyquinolme N-oxide (quinoline oxide) inhibited 
succinate oxidation at much lower concentrations than 
choline oxidation (Fig 1) Further, amytal completely 
mhibited choline respiration without mhibitmg 
sucemate oxidation 

Since durmg the steady state both cholme and 
succinate reduce all the known cytochromes of liver 
mutochondria (b, c + Ci, a, Qa), although to different 
extents?, and smoee the differential effects of amytal 
were readily explained, without postulating separate 
pathways, by the finding that this mhibritor acts 
between choline dehydrogenase flavoprotem and 
cytochrome D$, 16 was desirable to establish whether 
the differential effects on choline and succinic oxidases 
might not be the results of the greater activity of 
suecnie than of choline dehydrogenase and of the 
consequently greater demand it puts on the respira- 
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tory cham In order to test this possibility, succme 
dehydrogenase activity was depressed by malonate 
to a pomt where ıt equalled cholme dehydrogenase 
activity Under these conditions, external cyto- 
chrome c no longer stunulated either succimic or 
choline oxidase, since the residual cytochrome c in 
washed sucrose mitochondria was sufficient to sup- 
port this lowered rate of respiration Simularly, 
when sucemie and cholme dehydrogenase activities 
were equalized by malonate titration, the titration 
curves of choline and succime oxidases (and of the 
corresponding cytochrome c reductases) with all the 
respiratory chain inhibitors mentioned comeided 

Since the activity of cholme oxidase in rat hver 
mutochondria is only 20-25 per cent as high as that 
of succinic oxidase, 1b seemed possible that the 
turnover-rate of the slowest member of the cyto- 
chrome chain in liver mitochondria (supplemented 
with cytochrome c) may exceed the combined activity 
of the two oxidases and that, therefore, ın order to 
demonstrate a competition between the two oxidases 
it 1s necessary to depress the turnover of one of the 
components of the respiratory cham Indeed, when 
the turnover of cytochrome a, was depressed by 
titration with azide, the mutual competition of choline 
and succmic oxidases could be readily demonstrated 
(Table 1, exp 1) Significantly, as m the mutual 
competition of succmic and «-glycerophosphoric 
dehydrogenases 1n. bram mitochondria, when the two 
substrates aie simultaneously oxidized, the rate 1s 
less than that of the faster of the two oxidations 
The reasons for this have been discussed elsewhere‘ 
That the depression of succmate oxidation is the 
direct result of the operation of choline dehydro. 
genase 1s shown by the fact that the addition oi 
3 mM amytal, under these conditions, completely 
inhibits choline oxidation and re-establishes the rate 
of succinate oxidation and fumarate formation t« 
the level found with succmate alone present Wher 
the respiratory cham is by-passed by intercepting 
electrons with phenazine methosulphate (exp 2) 
the competition disappears and a strict additivenes: 
18 obtained It may be concluded that the electron: 
originating from these two dehydrogenases flow 
through a common transport system, at least at the 
level of cytochrome oxidase 


100 







SUCC OX 


50 
CHOL OX 





CHOL OX 


Inhibition (per cent) 


30 60 12 24 


Azde x 10° M Quinoline oxide x 10° M 

Fig 1 Titration of succinic oxidase and choline oxidase activities 
of sucrose mitochondria of rat hver with respiratory chain 
inhibitors Manometric assay of uptake of oxygen at 30° as in 
Table 1 The :mnhibitions were calculated from the linear rate of 
respiration in the interval 5-20 min after addition of the sub- 
strate The initial rate of respiration (0-5 min), before the 
inhibitor-resistant oxidation of choline 1s manifest (cf below), 
gives similar differences in the titration of the two oxidases, but 

the inhibition of both enzymes reaches completion 
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When antimycin or qumolme oxide was used to 
limit the rate of the cytochrome b — c, step, instead 
of competition, additive rates were obtained (exp 3) 
This 1s interpreted to mean that the cytochrome o 
moieties serving succinic and choline dehydrogenases 
are not the same nor in dnect mtercommunication. 
Further support for this conclusion came from a 
detailed study of the azide-, CN--, antrmyeim- anc 
quinoline oxide-resistant oxidation of choline (Fig 1) 
Using an oxygen electrode, ıt was demonstrated that 
immediately following the addition of choline to mto- 
chondria, treated with any of these mhibitors in 
excess, the oxidation 1s completely inhibited, but after 
3-5 min at 30° C or after 10-20 mm at room tem- 
perature, a respiration resistant to all these inhibi- 
tors begms The cytochrome b lmked to chohne 
lehydrogenase (but not that lnked to sucemie 
lehydrogenase) appears to be tho site of the ‘leak’ and 
the resistance to inhibitors is thought to represent a 
2onversion of this cytochrome b to an auto-oxidizable 
‘orm foi the following reasons (1) Choline dehydro- 
yenase 1s not auto-oxidizable (2) Amytal mhibriion 
X choline oxidation 15 complete but antimyem oi 
qyunolme oxide mhibition is not Thus, the ‘leak’ 18 
tween flavoprotem and cytochrome c, (8) Choline- 
ytochrome c reductase 1s completely blocked by all 
hree of these imhibitors (4) The auto-oxidizable 
‘omponent through which succinate and choline 
raidations occur with excess azide or CN- present 1s 
be same, since under these conditions the rate of 
espiration per mgm mutochondnia is equal whether 
ucemate, choline, or both are present Thus, the two 
ehydrogenases compete for the leak (5) That the b 
omponent linked to cholme dehydrogenase (and not 
hat serving succmic dehydrogenase) ıs the site of the 
ak is indicated by the fact that while chohne 
xidation 1s partially resistant to antirmycm and 
umolineoxide (agents which mhibrb the b—c, 
ep), succinic oxidase is completely inhibited by 
1ese compounds 

The auto-oxidation or reduced cytochrome b in 
tam types of heart muscle preparations m the 
resence of cyanide was first observed by Kerm! 
ecently, Chance! questioned the evidence for the 
rect reaction of cytochrome b with oxygen at a 
znifieanbt rate In view of tho slow rate of 
e development of the cyanide- and azide-resistant 
spiration in lhver mutochondria, the  auto-oxi- 
ition of cytochrome b possibly may escape 

‘tection 1n spectrophotometric experiments of very 
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Succ D —> b —*-c,—-c —a —>a >o 


-—— M. 


sT? 


Chol D —>b—»¢,—sc —>a—sa 


Succ D —> b —*c6,—*c——ea —-0,—*0, 


Fig 2 Schematic representation of the interrelations of suceinic 
and choline oxidases in rat liver mitochondria 


short duration, 
group!iis 

The findings suggest that the respiratory chams 
of hver mitochondria, at least so far as the succinic 
and choline oxidase systems are concerned, are not 
compartmentahzed, but are mterhnked at and above 
the oxidation-level of cytochrome Cı, although the b 
components do not appear to be on a common path 
(Fig 2)  Intereommuniestion between the chains 
(alternative (3) above) 1s mdicated by the fact that 
the quantitative effect of titration with an inhibitor, 
such as azide or cyanide, depends on the relative 
turnover rates of the dehydrogenase and the cyto- 
chrome component bemg titrated, respectively, and 
may be altered by depressmg the activity of the 
dehydrogenase Neither mochanism (1) no (2) 1s 
compatible with this behaviour, but it 19 to be 
expected from the third one 
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IS THE MULTIMAMMATE RAT A NATURAL RESERVOIR OF 
BORRELIA DUTTONI? 


By Dr. F. ZUMPT 


Department of Entomology, South African Institute for Medical Research, Johannesburg 


‘OR about two years now, the Entomological 
Department of the South Afiican Institute for 
sdical Research, Johannesburg, has been carrymg 
t transmission experiments and epidemiological 
vestigations on relapsing fever (Bor) eha duttonz) m 
chuanaland, in collaboration with the Medfeal 
partment of that Protectorate 
With the help of Dr E L Szlamp, medical officer 
Maun, a stram of Borrelia dutiont was isolated 
m tampans (Ornithodoros moubata) collected m a 
t m Maun, inhabited by a native suffering from 


- preliminary note 


an acute attack of relapsing fever Eleven specimens 
of O moubata were collected on December 5, 1958, 
and were injected into six white mice on December 17 
All the mice became positive between December 23 
and 29, 1958 

This 'Maun' strain was then used for a great 
number of transmission experiments, on which a 
report will be given m a later paper Up to now, 
quite a few mteresting results have been obtained, 
but one 1s of special interest and 18 reported in this 
In our search for the natural 
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reservoirs of African relapsing fever, which I expect 
to find among wild rodents, we also injected several 
specimens of the indigenous multàimammate rat 
(Rattus natalensis = Mastomys coucha) with the 
‘Maun’ stram and found that this wild rat 1s very 
highly susceptible to Boneha duttona although, 
judging from the general appearance and behaviour 
of the animals, there are no obvious clinical symptoms 
The same is true for the white mouse, but m the 
multimammate rat the parasitemia of the blood 1s 
much higher, and persists, almost without mterrup- 
tion, for a longer period A photomicrograph of a 
blood smear of a white mouse at the peak of the 
blood-parasitemia (nmth day after subcutaneous 
jection) is shown in Fig 1, and one of a blood- 
smear from a multmammate rat at a corresponding 
peak (eleventh day after injection) 1s given 1n Fig 2 

The course of the infection 1n the above-mentioned 
white mouse was as follows It was mfected on 
June 2, 1959, with an emulsion of eggs laid by an 
infected O moubata The first few spirochetes were 
detected ın the blood-smear on June 10 The next 
day the smear was positive (Fig 1), and it did nob 
reach this degree of parasıtæmıa agam On June 13, 
only a few spirochetes were present m the field On 
the two followmg days the blood smears were negative 
On June 17 the result was recorded as ++ A few 
spirochetes were again detected m the smear on 
June 20, 24 and 27 On the intervening days, and 
after June 27, all smears were found to be negative 

The specimen of multimammate rat was myected 
on June 2 with a bram emulsion from a white mouse 
On June 9, the first spirochetes appeared m the 
blood and were recorded as +++ The next day no 
spirochetes could be detected m the smear They 
re-appeared on June 11 and moreased steadily until 
June 15, when they reached the peak shown m 
Fig 2 The rat then remained highly positive until 
June 27 On the followmg two days the blood was 
negative , then another peak was reached on July 3 
The rat was then still m the best condition of health, 
and its progress 1s to be followed up Similar results 
were obtamed with other specimens of the multi- 
mammate rat 

These results, which are to be consolidated by 
further experiments have suggested several mtei- 
esting problems One 1s that the multimammate rat, 
used m this Institute for some time for many mves- 
tigations on plague, cancer and bilharzia, 1s evidently 
a much better experimental animal for mvestigations 
on relapsing fever than the white mouse It may 
perhaps prove to be an ideal biological test-animal 








Fig 1 


Blood smear of white mouse on the ninth day after sub- 
cutaneous infection with Borreha duttone 
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Fig 2 Blood smear of multimammate rat on the eleventh day 
after subcutaneous infection with Borrelia duttone 


for silent infections in humans, where spirochetes 
are so rare in the blood that they cannot be detected 
by the usual laboratory methods 

Another problem ıs an epidemiological one It x 
now almost certam that the natives get their tampans 
from the burrows of wart-hogs All the wart-hog 
burows which I have been able to check m the 
Bechuanaland Protectorate have been highly mfestec 
with tampans which, according to Dr G A Waltor 
(by letter), are, with scarcely any doubt, morphol 
ogically and physiologically identical with those 
found i the huts in Maun and other places in the 
Bechuanaland Protectorate and the Northern Trans 
vaal But the ticks collected by us from burrows 
m these areas, and also those collected by othe 
authors in Central Africa, have never been founc 
infected with Borrelia Further, the wart-hog itsel 
has never been found infected and ıs refractory 
when infected experimentally (comp Geigy anc 
Mooser!) Evidently the wart-hog is not a natura 
reservor of Afiican relapsing fevei, and the tick: 
may acquire ther infection from another animal 
Ineidentally, the ‘wild’ Ornithodoros moubata fron 
the burrows of wart-hogs can easily be mfecte 
experimentally with Boi ela d'uttona 

The multimammate rat 1s a wild rodent which live 
in close contact with man in Africa, and m the nativ 
villages 1t plays the same part as the house ra 
(Rattus 1attus) and the Norwegian rat (Rattus norveg 
cus) ın the towns in Africa and m human habitation 
throughout Europe and Asia Tampans brought tı 
the huts by native hunters, for example, sooner o 
later come into contact with the multrmammate rat 
there Is this rat perhaps the natural reservoir, O 
one of them, of Bon ela duttone ? We have not ye 
looked for natural infections m this rat, but th 
experimental picture shows that 15 would be an ides 
reservoir, as 1t 1emams highly positive for a lon, 
time without its general condition of health bem, 
influenced ‘This problem ıs being vestigated mor 
thoroughly 

I wish to thank Prof J F Murray and Dr B d 
Meillon of this Institute for ther interest and hely 
Mr D H S Davis, Medical Ecology Centre, Unio 
Health Department, for providing the wild rodent: 
and Drs B T Squres B O Wilkm and E I 
Szlémp of the Medical Department, Bechuanalan 
Protectorate, for ther support The photomierx 
graphs were prepared by Mr M Ulrich of the Phot: 
graphic Department, South African Institute fc 
Medical Research 


1 Geigy, R , and Mooser,H ,J Trop Med Hyg , 58,199 (1955) 
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CHEMISTRY AND TAXONOMY IN THE DIPTEROCARPACEAE 


By Dr E C. BATE-SMITH 


Low Temperature Research Station, 
Cambridge 


| ae specimens of the Dipterocarpacease sre 
not apparently available in Great Britam, and 16 
has so far not been possible to mclude them m surveys 
of the phenolic constituents of plants’? Recently, 
however, through the kindness of the Director, Forest, 
Research Institute, Kepong (Selangor), fresh leaves 
of twenty-eight species of dipterocarps have been 
received from Malaya, and these have been examined 
by the methods previously deseribed (loc cet) The 
results are interesting because the species were selected 
from a large collection so as to be representative 
not only of all the available genera but also of the 
recognized groups of Shorea, the largest genus in this 
family, which, because of its valuable timber and other 
economic products, has received a great deal of 
attention from the forestry officers and official 
taxonomists m the Indomalaysian countries 

Consideration of the phenolic constituents of the 
leaves of a large number of Dicotyledons has indicated? 
that three characters are particularly valuable from 
the taxonomic pomt of view presence or absence 
of leuco-anthocyanins; presence or absence of 
vical trihydroxy groupmgs in the phenolic con- 
stituents , and the presence or absence of the poly- 
hydroxy and hydroxymethoxy aromatic acids, caffeic, 
ellagic, ferulie and smapie acids. It 1s often of value 
also to note other constituents, not necessarily 
identified, which are present m some, but absert 
from other, species in the same or different genera, 
as indicators of possible relation between the Species 
possessmg them 

The results of the chromatogiaphic exammation 
of the hydrolysates of the leaves of the 28 Species 
are given in Table 1 The constituents recorded are, 


Dr T C WHITMORE 


Botany School, University of 
Cambridge 


AND 


from left to right, m order of increasing Rp m aqueous 
acetic acid—-hydrochloric acid (Forestal solvent), 
M = myricetin, D = delphmidin (formed from leuco- 
delphimdin), E = ellagic acid, Q = quercetin, Cy = 
cyanidin (formed from leucocyanidin), K = kaemp- 
ferol, Caff = caffeic acid, S = sinapie acid, F = feru- 
lie acid In the last column are recorded other consti- 
tuents visible ın the ultra-violet, with thar Rp values 
in Forestal solvent and their appearance m ultra-violet 
before and after (—) fuming imn ammonia vapour The 
abbreviations used are bl = blue, brn = brown, 
gr = green, V = violet. y = yellow, br = bright, 
d = deep, dk = dark, f =famt, | = light, v = 
very Smapıc acid and ferulic acid are identified on a 
separate chromatogram run in toluene—acetie acidi 

The genera are hsted in the order given by 
Symington’ The species are listed in alphabetical 
order withm the genus, except for Shorea which 1s 
divided mto groups according to the same author 
Symington considered these groups to be natural 
subdivisions of the genus. perhaps worthy of generic 
status, but was not prepared to give them definite 
botanical names or status until the whole genus was 
revised taxonomically This revision has still not 
been made for 16 awaits the collection and description 
of the rich Bornean dipterocarp flora ^ Deschs', 
workmg on the timbers of Shorea, independently 
established four groups based mamly on gross timber 
characters which correspond closely to Symmgton's 
subdivisions The groups are named B = balau, Y, W 
and E = yellow, white and red meranta respectively ; 
withm each there 1s considerable homogeneity m 
characters of the living trees, includimg the colour of 
the wood and sheed bark and the dead leaves 

















Table 1 
Species Div M D E Q Cy K Caff S F Other constituents 
Shorea foxworthyw Sym B — + + ? = - (+) — > re ,cf gallic 
acid, 
»  kunstlers King B — — ? + + + - (+) — [-duly,0 73 
» maxwelhana King B (+) - T — + — — (+) — " i m ares 0 69, 
» mamma (King) Sym Y — — + - ? + ? (+) — bl -V —v br bl -gr , 0 73 
»  mulhflora (Burck ) Sym Y — = ++ - (+) + ? - ~ | intense br 1,0 69, V ,08 
1» bracteolata Dyer Ww — — + + + + x — — 
» Curtis Dyer ex King R + + ? + (+) - - - - 
» hemsleyana (King) King - 
ex Foxw R = c + = - + — — [4,077 
»  leprosula Mia R - + ? -+] + + - - - 
» _ singkawang (Miq ) Burck R - + — -— — —- - = — |>fy,07 
Hopea beccarvana Burck + = + + = + + — — |N-Y —brgr,07 
»  mengarawan Miq - - ++ — — — — + + 
» nutans Ridl = = + + — — — (+) — vdbl —vbrbl,O0 68 
»  O0dorata Roxb — —- T - — - ++ - — vdbl — vbr bl ,0 68 
»  $üngal Korth - = T m - — ++ - ~- 
»  Subalata Sym — E + (+) — -— ?— — — intense br bl ,0 72 
Balanocarpus hamu King — = + = a = ++ = = 
Dipterocarpus baudw Korth + + + fad + sa — rm — 
25 costulatus V SI ++ T ? + — — — — — 
»» eruntus Dyer + + + E = — — — 
b kerru King ++ + o- + (+) — — — — 
Dryobalanops aromatica Gaertn f + + + (+) + — — — — 
$5 oblongefolia Dyer + + + re + = - = — 
Amsoptera laevis Ridl — — - = - + = -— (+) | greenish, 0 86 
Vata niens King + + — = + — — (+) — 
» stapfiane (King) V Sl — - + i = - — + — Voy,061 " 
» Walhchw Dyer — => ++ nd = — = (+) aa di — dull y ,0 79 
Upuna bornensis — em — — = — — — — gr ,0 79 
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The data in Table l suggest that the genera can 
be arranged ın groups, in the first stance according 
to the abundance and type of the leuco-anthocyanins 
present Dipterocarpus and Dryobalanops, abundant 
with consistent L-D , Shorea (and one Vatwa sp) 
less abundant, with both L-D and L-Cy, Hopea, 
Balanocarpus, Anisoptera, and two Vatca spp with 
little or no L-4, and Upuna with none of the 
common phenohe constituents 

Dwpterocarpus and Dryobalanops agree also in 
having consistent and often abundant myricetin, and 
no subsidiary constituents In both Shorea and Hopea 
many of the species have a subsidiary constituent 
Rp 0 68-0 7 with intensely blue fluorescence, which 
may or may not be the same in all species These 
two genera have also numerous other subsidiary 
constituents Hopea, Balanocarpus, and one or two 
Shorea spp also have caffeic acid, absent from the 
other genera All the genera except Anisoptera and 
Upuna have ellagic acid, Shorea fozworthy: having m. 
addition (probably) galhe acid 

Overall the grouping suggested ıs — Dwpterocarpus 
with Dryobalanops , Shorea with Hopea and Balano- 
carpus , Vatwa rather closer vo Shorea than to Hopea , 
Anisoptera and Upuna uncertain 
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The groups of Shorea are not very distinct , neither 
yellow nor white merant: have much L-A, and L-D 
is absent from both sections, but species 1n both the 
balau and the red merenti groups have the same 
constitution The nature of the pigments responsible 
for the colours of the sheed bark ıs unknown , ıb 1s 
not even known whether they are phenolic, so that 
there is no prma facie reason to expect that the 
phenolic constituents m the leaves would follow the 
proposed subdivision of the genus 

One further point 1s worth makmg Balanocarpus 
Bedd has become a repository for all wingless fruited 
dipterocarps B hewnw should probably be mcluded 
m Hopea on floral characters® and wood characters? , 
and now we can reach the same conclusion from the 
chemistiy The suggested regrouping of other species 
18 also supported by the present evidence 
1Bate-Smith, € C , Sev Proc Roy Dublin Soc , 27, 165 (1950) 

2 bat E C,and Metcalfe,C R,J Linn Soc (Bot ), 55, 669 

3 Bate-Smith, E C (in preparation) 

4 Bate-Smith, E C , Chem and Indust , 1457 (1954) 

5 Symington, © F , ‘Foresters’ Manual of Dipteroearps", Malay 
For Rec, No 16 (1941) 

* Desch, H E , "Commercial Timbers of the Malay Peninsula (1) The 
Genus Shorea”, Malay For Rec, No 12 (1936) 


7Desch, H E, “Dipterocarp Timbers of the Malay Peninsula”, 
Malay For Rec, No 14 (1941) 


PLANT-GROWTH SUBSTANCES AND THE COPPER CHELATION 
THEORY OF THEIR MODE OF ACTION 


By CR C H FAWCETT 


Agricultural Research Council Unit on Plant-Growth Substances and Systemic Fungicides, 
Wye College, University of London 


OLLOWING the observations that certain com- 
pounds possessing chelate groups can exhibit 
significant plant growth-regulatang activity’, several 
workers have been trying to demonstrate the con- 
verse, namely, that highly active plant-growth regu- 
lators can react with metal ions to form chelate 
complexes The discovery by Cohen, Gmzburg and 
Hertner-Wirgum? that the ultra-violet absorption 
spectia of 3-mdolylacetie acid and 1-naphthylacetic 
acid are profoundly altered in presence of cupric, 
but not calcrum or magnesium ions, led them to 
postulate that the cupric ion reacted with the 
carboxyl group m these acids to form a copper com- 
plex which then formed a chelate by employing the 
aromatic ring as the second complexmg gioup 
After repeating ther expernnents using solutions 
obtained by dissolvmg cupric nitiate trihydrate in 
50 per cent aqueous ethanol, I observed that with 
3andolylacetie acid the optical density of each 
solution 1n the series measured at 360 my did not 
remain constant but tended to merease slowly (cf 
ref 3) Smce with cupric nitrate and 1-naphthylacetic 
acid, measured at 330 my, the optical density of each 
solution remained constant for several mmutes, this 
system was used for comparison with the cupric 
nitrate/1-naphthoie acid system measured at 348 my. 
It was found that the relationship between optical 
density and acid/copper iatio is similar for both 
l-naphthylacetic acid (Fig 1) and 1-naphthoie acid 
Thus, the enhancement of ultra-violet absorption 1s 
not lumited to the highly active 1-naphthylacetie acid 
but occurs also with the relatively mactive 1-naphthoie 
acid 
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Fig 1 Optical density of copper/1-naphthylacetie acid complex 
(830 mu, 1 em cells, pH. ~ 3 6) 1n 50 per cent aqueous ethanol 
>, Concentration of added cupric nitrate varied as shown with 
concentration of 1-naphthylacetic acid constant at 2 x 107* M, 
O, concentrations of added copper 1-naphthylacetate 107? M 
and nitric acid 2 x 107? M, E, concentrations of added copper 
l-naphthylacetate 107? M, mitre acid 2 x 107? M and cupric 
nitrate 107? M 
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Fig 2 The relationship between the initial pH of 50 per cent 


aqueous ethanol, containing the acid indicated, and the decrease 

m pH, (A), on dissolving 4 88 mgm cupric nitrate trihydrate in 

10 ml Acids added to obtain mitial pH 1 mitzic, 2 formic, 3 

2 4-dichlorophenoxyacetic, 4 1-naphthoie, 5 succime, 6 benzoic 

7 acetic, 8 tnaphthylacetio, 0 sandolylacetre and 10 trımethyl- 
acetic aci 


The general reaction m aqueous ethanol between 
cupric mirate and 1-naphthylacetie acid can be 
written 
(50 per cent aqueous ethanol) 


2C,,H,CH COOH + Cu(NO,), = 
Cu(C,,H,CH,COO), + 2HNO, 


In writmg this equation the various ionic species 
which may exist m solution have, for simplicity, 
not been characterized For each l-naphthylacetie 
acid/copper ratio the optical density of the solution 
at constant temperature should be mdependent of 
whether the equilibrium 1s attained by using reactants 
which give the forward reaction or reactants whicn 
give the reverse reaction Accordingly, eupiie 
l-naphthylacetate was synthesized and used stoichio- 
metrically with nitric acid n aqueous ethanol to give 
the reverse reaction and reconstitute the solution 
having a ratio 1-naphthylacetie acid/copper equal to 
20 The optical density of this solution m which 
the reverse reaction had occurred was found to be 
identical with that of the solution contaming the 
products of the forward reaction (Fig 1)  Further- 
more, addition of cupric nitrate, sufficient to lower 
the 1-naphthylacetie acid/copper ratio to 1 0 m these 
reconstituted solutions, increased the optical density 
to the value found for this ratio when using the 
reactants of the forward reaction (see Fig 1) Since 
the equiliberum may be reached from either side 
without adding a chelate group, 16 1s concluded thao 
& reaction involving chelation is not required to 
account for the exaltation of ultia-violet absorption 
given by cupric nitrate with 1-naphthylacetic 
acid 

By measuring the pH Cohen e£ al ? also confirmed 
that cupric nitrate reacted differently from calcium 
and magnesium nitrates when added to solutions of 
3-indolylacetic acid and I-naphthylacetic acid in 
aqueous ethanol Fuithermore, they found 
that while the pH of these acids m solution was 
lowered due to release of hydrogen ions by complex 
mg of the copper ion with the carboxyl group, yet 
under the same conditions only slight complexing 
occurred with acetic acid or indole The results were 
mnteipreted as evidence for the entire aromatic rmg 
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functioning as a second complexmg group, thus 
resulting in chelate formation 

In a study usmg aqueous ethanol solutions of 
several closely related acids, comprismg active and 
inactive growth regulators, 16 was found that in 
general the addition of cupric i0ns lowers the pH 
Some of the 1esults are shown ın Fig 2 The observed 
pH changes, however, do not correlate with plant 
growth-regulating activity, thus, the aromatic carb- 
oxylic acids (for example, benzoic and 1-naphthoic), 
and the alkanecarboxyle acids (for example, formic, 
acetic and trimethylacetic), which are all imactivet 
in the wheat cylmder elongation test, exhibit an 
effect ın presence of copper ions similar to that found 
with highly actrve* 3-mdolylacetic acid, 1-naphthyl- 
acetic acid and 2 4-dichlorophenoxyacetic acid 
Furthermore, the results show no difference which 
would mdieate the occurrence of chelation mvolving 
the aromatic ring (Fig 2) 

In the pH range studied two mechanisms o, 
hydrogen 10n formation are apparent Mechanism If 
which operates over a pH region known to be of 
considerable physiological importance in plant cells, 
produces a large effect (A), which 1s the same fox all 
the different compounds exammed (Fig 2) Ti is 
significant that at higher initial pH values, that is, 
when the concentration of carboxylic acid for adjust- 
ing the pH ıs decreasing, the effect (A) obtained by 
adding the copper salt ıs mereasing hnearly, and 
when no carboxylic acid 1s added to the aqueous 
ethanol solvent the effect ( A) 1s the largest throughout 
the pH range investigated The results lead to the 
conclusion that the effect (A) between pH 5 4 and 7 
depends upon hydrolysis and they mdicate that 
hydrogen ion formation occurs by a reaction of the 
followmg type 


[Cu(H,O),]* = [Cu(OH) (H,0),-, + H* (I) 


The cupric 10n 1s represented here as described by 
Orgel, and the reaction written by analogy with his 
example for iron* On the other hand, mechanism II 
appears limited to the pH region below about 5 4 
The effect (A) 1s smaller, different for the drfferent 
structures examined, and zero for nitrie acid There 
appears to be a correlation between the effect (A) 
and the pK value of each acid and further work on 
this aspect 1s proceeding The results suggest that 
hydrogen ion formation by mechanism II depends 
upon salt (that is, complex) formation, which, 
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Fig 3 The relationship between the initial pH of 50 per cent 

aqueous ethanol, containing the acid indicated, and the decrease 

in pH, (A), on dissolving 4 83 mgm cupric nitrate trihydrate 

in 10 ml Acids added to obtain initial pH O, aspartic, 
A, glycollic and x, citric acid 
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ignormg hydration, can be represented by an 1omic 
reaction of the type 


nHA + Cut = (Ap + nH* (IZ) 


where HA is a weak acid and n is 1 or 2 Thus, 
these results from pH measurements in the region 
pH. 3-5 4 can be mterpreted by an equation which 
1s an 10n1e form of the general reaction shown. above 
to account for the results obtamed by ultra-violet 
absorption determinations 

When certam carboxyhe acids (for example, 
glycollic, citric and aspartic) were examued, in 
aqueous ethanol with cupric nitrate, ib was found 
that another operative factor could be demonstrated 
(see Fig 3) It ıs clear, therefore, that these acids 
which have the ability to form chelates with copper? 
exhibit behaviour different from the various plant- 
growth substances studied 
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Thus, the present evidence does not support the 
concept that plant-growth regulatmg activity 18 
explicable in terms of chelation (cf ref 7) 

Iam grateful to Prof R S Nyholm and Prof R L 
Wan for helpful discussions 
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CONTROL OF ANTHERIDIUM FORMATION IN THE FERN 
SPECIES ANEMIA PHYLLITIDES 


By Dr ULRICH NAF 


Rockefeller Institute, New York 


OPP? demonstrated that an extract from mature 

prothalh of Pteridium aqwlnum hastened the 
onset of antheridium formation in young prothalh 
of this fern species by a few days and in the prothalh 
of Athyrvum filx-mas by a few weeks Dopp envisaged 
the possibility that the promotion of antheridium 
formation occurred by way of unspecific growth 
inhibition Subsequent investigations, though, led to 
the conclusion that the activity of the extract must 
be attributed to a specific factor which controls the 
tiation of antheridia, durmg the normal process of 
development??? 

An assay was devised which took advantage of 
the observation that the prothalh of Onoclea sensibilis 
failed to form any antheridia spontaneously under 
the prevailmg conditions of culture but responded 
readily when grown on a medium contaming extract 
of mature Piervdvwm prothalh Conditions were 
further defined under which the extract from seven- 
week-old prothalh of P agquknum was active to a 
dilution of 1 30,000 This increased the activity 
obtamed by Dopp by a factor of about 300 Under 
these same conditions of culture the active substance 
accumulated to almost as high an activity m the 
medium? 

While the prothalh of both O sensi and P 
aquilinum responded readily to the active factor 
at young stages of development, they lost ther 
responsiveness soon after they assumed heart shape 
and a few days prior to attaming the archegonial 
phase Once insensitive, the prothall failed to form 
antheridia even if supplied with the factor at a con- 
centration 15,000 times higher than that sufficient 
to mduce antheridia m prothall just a few days 
younger? 

Work on tbe activity spectrum of this factor 
disclosed that it was active toward the repre- 
sentatives tested of seven out of nme sub-groups 
of the family Polypodiaceae listed by Hames‘ 
the asplenioids, pterords!, onocleoids, blechnoids, 
dryopteroids?, gymnogrammoids’ and toward 
Woodsea obtusa, a representative of the sub-group 


woodsioids (unpublished information) Among non- 
polypodiaceous species, only Dennstaedia punctilobula 
(Dicksomaceae) was found to be responsive The 
substance failed to promote antheridium formation 
even at the highest available concentration (half full- 
strength Pteridvum medium that was active toward 
the prothalh of O sensibus to a dilution of 1 30,000) 
m the following fern species Polypodium aureum 
(Polypodiaceae), Lygodium japonicum, Anemia phyle- 
tides (Schizaeaceae), Osmunda claytoma and O 
cinnamomea (Osmundaceae) 

The present account deals wıth the control of 
antheridium formation ın Anema phyletides, one of 
these unresponsive fern species 

The procedures used m the sterilization and mocula- 
tion of the spores have been described elsewhere? 
A detailed description of the conditions of culture 
and of the medium which contams the inorganic salts 
used by Moore‘ 1s given ın the same report Hoag- 
land’s earlier used A-Z solution of mucro-elements 
was replaced with a Hoagland trace element solution 
of simpler composition (mgm /] of medium boric 
acid, 2 86, manganese chloride (MnCl, 4H,O), 1 81, 
zine sulphate (ZnSO, 7H,0), 0 22, molybdenum tri- 
oxide, 0 07, copper sulphate (CuSO, 5H,0), 0 08) 
Iron was added as ferric tartrate The prothall were 
cultured m 125-ml flasks contamung 33 ml of medium 
or in 50-ml flasks with 12 ml of nutrient Unless 
stated otherwise, the media were solidified with 1 per 
cent agar 

It was observed that prothalh of Anemia phylhtides 
formed antheridia at a very early stage of develop- 
ment, while they were still at the filamentous phase, 
if the spores were moculated on 35-50-day-old gameto- 
phyte cultures of the same fern species — Prothalh 
supermoculated on 30-day-old cultures attamed the 
anthéridial phase somewhat later, although still many 
days prior to the control prothalh 

In a subsequent experiment a single 50-day-old 
gametophyte of Anema phylluides was placed on the 
“agar surface at one side of a seven-day-old culture of 
this same species in 125-ml flasks Observations at 
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Figs 1-8 (Fig 1a and b,x 62, Fig 2,x 27 5, Fig 3, x 20) 


daily intervals disclosed that young prothalh with 
antheridrum mutials could be detected withm 3-4 
days in the rmmediate proximity of the mature 
prothallus 7-8 days followmg the mtroduction af 
the mature gametophyte at the side of the flasks, 
young antheridrum-bearmg prothall could be first 
observed in the centre, and 12-14 days after its 
mtroduction at the opposite side of the flask 
8-10 further days elapsed before antheridium mitials 
appeared ın the control cultures The above observa- 
tions suggested that, as the prothalh of A phylletides 
reached a certain stage of development, they began 
to elaborate, and to secrete into the medium, & 
substance controllmg the mduction of antheridia 
This hypothesis gamed in hkelhood when medium 
that had supported the growth of Anema prothalh 
was assayed for antheridrum-mduemg activity The 
assays were conducted by moculatmg spores of 
A. phylluides on fresh nutrient medrum whieh con- 
tamed the medium of the Anema cultures at a dilu- 
tion series with a dilution factor of approxumately 3 
(1/3, 1/10, 1/30, 1/100, ) 50-ml flasks which 
contamed 12 ml of medium were used The assays 
were read 18 days after inoculation, 11-12 days prior 
to the onset of spontaneous antheridium formation 
Medium of 29-day-old or younger cultures was 
regularly inactive even at 1/3 full strength, the highest 
concentration of Anema medium tested On the 
other hand, the medium of 39-day-old cultures in- 
duced antheridia to a dilution of 1 30, the medium 
of 49- and 59-day-old cultures to a dilution of 1 100 
(occasionally 1 300), and 1 300, respectively The 
same activity was encountered in hquid and agar- 
solidified media Whereas the lowest effective con- 
centration of Anemia medium brought about anthert- 
dium formation m only 1 out of 4-20 prothalh, the 
percentage of responding prothalb rose to 100 as the 
soncentration of the active factor was mcreased by a 
‘actor of 3-10 Antheridrum mutials could be first 
jiscerned about 9 days after the spores were mocu- 
ated (the bulk of the spores germinated between 
3 and 5 days following moculation) It was further 
ioticed that activity could be regularly detected at 
4 concentration lower by a factor of about 3 if the 
issay was read 18 mstead of 12 days followmg 
noculation The reason for this remams to be 
xplored Fig la shows a 12-day-old Anema 
othallus with 3 antheridia (see arrows) which were 
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initiated m response to 1/30 full 
strength Anema medium {active to 
a dilution of I 300), while control 
prothalh in cultures of the same age 
(Fig 16) and even in 25-day-old cul- 
tures (Fig 2) were mvariably free 
of antheridia 

Figs 2 and 3 show further thas 
the matuimg prothallus has a lat- 
eral meristem (arrow a) a phe- 
nomenon encountered m only a few 
fern species? The first spontane- 
ously formed anthendium, which 
would probably have arisen on the 
prothallus pictured m Fig 2 m 
about 4-5 days, is mvariably 
muitiated from a margmal cell a 
short distance behmd the men- 
Z| stematie initial Margmal cells 

afterwards cut off by the merr- 
stematic mitia] toward the base of 
the prothallus also give rise to 
antheridia so that ultimately a 
whole row of them can be seen (marked 6 m the 35- 
day-old prothallus of Fig 3) In contrast, the mar- 
gmal cells cut off by the initial toward the tip of the 
prothallus fail to form antheridia even m the presence 
of added Anema factor Instead, some of them give 
rise to hook-shaped hairs (Fig 3, arrow c) Once the 
first antheridium initial has been formed marginally, 
others arise on cells mside the prothallus (3 of about 
18 such antheridia are indicated by arrows) 

The area of spontaneous antheridium formation 
always remains restricted, however Thus, antheridia 
never arise m the part of the prothallus anterior to the 
lateral meristem Agam, the zone of antheridium 
formation mm the posterior region does not stretch 
across the whole prothallus , instead, 1t extends about 
halfway or less mside the prothallus fiom the margm 
of the cell plate which bears the lateral meristem 
(the zone 1s marked by a black broken Ime on Fig 3) 
The other half of the posterior region remains free 
of antheridia except for the occasional occurrence of 
1-3 antheridia m margmal cells 

Observations followmg the application of the 
active substance to cultures of various ages showed 
that young prothalh responded with antheridium 
formation throughout most of them body As the 
age of the prothall mereased, the responding area 
gradually contracted to that described for spon- 
taneous antheridium formation The loss of sensitivity 
in the anterior part of the prothallus preceded the 
contraction in the responsive area of its posterior 
region 

Information was obtained concerning the time lag 
between the application of the active substance and 
the first detection of antheridium mihals Laqud 
medium of 50-day-old Anemia cultures (active to 
1 300) was apphed to 12-day-old and to 18-day-old 
Anema cultures which were grown in 50-m] flasks 
contanmg 12 ml of agar-solidified nutrient 4 ml 
of the Anemia medium was applied to each flask, 
to some at full strength, to others at dilutions of 
4, 4, d and 1/16 The control cultures received 
an equal amount of fresh medium ^ Antheridium 
initials (semicircular outgrowths of vegetative cells 
that were not as yet cut off by a cell wall) first ap- 
peared between 1 and là days followmg the applica- 
tion of the active substance and ın the 18-day-old 
cultures In contrast, the appearance of antheridrim 
mitials in both 6- and 9-day-old prothalh of 
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O senstbilis followed the application of the Pteridium 
factor with a delay of between 24 and 3 days at all 
tested concentrations 

The first-formed Anema initials abtamed the four- 
ceil stage, that 1s, the number of cells contamed by 
mature antheridia, between 34 and 4 days after the 
active substance was appled No difference could 
be detected between the rates at which the first- 
formed antheridium initials attained the four-celled 
stage over the applied range of concentrations On 
the other hand, an merease from 1/16 to 4 full 
strength of the added Anema medium mereased the 
proportion of responding prothall from about 15 to 
100 per cent If the Anema factor was supphed to 
5-day-old prothall which comprised a maximum 
of 3 green vegetative cells, then between 3 and 
9$ days elapsed before the first antheridium mitials 
could be seen, that is, about 2 days more than 
im both the 12-day-old and the 18-day-old pro- 
thall, It thus appears that the events leading to 
the appearance of antherdium. initials proceed more 
slowly m very young prothall Alternatively, the 
very young prothalli may lack competence to respond 
to the active factor 

As mdicated above, the Pteridium factor brings 
about antheridium formation m a large number of 
fern species It should also be emphasized, though, 
that the mmimally effective concentrations vary so 
widely that the prothall of some species (for example, 
Dennstaedia punciilobula) must be supplied with that 
factor at a concentration more than a hundred times 
higher than those of other species (for example, 
Onoclea sensilis) Tho possibility must thus be 
considered that the induction of antheridia in O 
sensus and m A phylldes 1s controlled by the 
same factor at different ranges of effective concentra- 
tions Pteridvwm medium. (active toward the prothall 
of O sensrbilis to a dilution of 1 80,000) was inactive 
toward the prothalh of A phyllotides at all concentra- 
tions which, with a dilution factor of 3, ranged from 
i to 1/100,000 full strength In turn, the prothalh 
of O sensibilis were unresponsive toward Anema 
medium (active toward the prothalh of A phyllatides 
to a dilution of 1 300) at all dilutions which ranged 
again from j to 1/100,000 full strength 

It is, therefore, difficult to avoid the conclusion 
that the induction of antheridia m A phylliades and 
m O sensibehs 1s controlled by chemically distinct 
substances ‘This conclusion receives support from 
the demonstration that the antheridium-mducmg 
activity of the Anema medium is stable to boiling 
for 10 mm at pH 12, while the Preredewm factor was 
labile under those conditions? The antheridium- 
mduemg activity of the Anema medium was further 
found to be stable to boihng for 10 mun at pH 2 
and to autoclaving at pH 5 4, the pH of the culture 
medium , 1t was destroyed upon ashing and adsorbed 
on charcoal The latter properties are similar to 
those of the Pter:dewm factor? 

The Anema factor failed to promote antheridium 
formation ın prothall of Osmunda claytoma (checked 
15 days after moculation, 2 days prior to the onset 
of spontaneous antheridium formation), which were 
also unresponsive to the Pterdrum factor The 
prothalh of Lygodvum japoncum, another species un- 
responsive toward the Pteridium factor, were shown 
to elaborate, and to secrete mto the medium, a sub- 
stance which greatly hastens the onset of the anther1- 
dial phase in this fern species which, like A phylictides, 
belongs to the family Schizaeaceae Preliminary 
investigations indicate that this substance is chem- 
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ically distinct both from the Pteridium factor and 
from the Anema factor 

It 1s apparent from these studies that antheridium 
formation is controlled by different substances in 
different groups of ferns Iv should also be recalled 
that within the wide range of species responsive to 
the Pteridium factor, the minimally effective con- 
centrations vary widely Thus, the prothalh of 
Dennstaediia punctilobula failed to respond unless 
they were suppled with the Pterrdvum factor at 
& concentration about 125 times higher than was 
necessary to mduce antheridia m prothall of O 
sensibus In the prothalh of Woodsia obtusa the 
minimally effectrve concentration of the Pterdwm 
factor exceeded that requred for antheridium 
formation m. the prothalh of O sensibilis by a factor 
of about 25 ‘The possibility must therefore be 
considered that the factors controllmg antheridium 
formation in these species are actually different but 
structurally so closely related that the factor pro- 
duced by P agquilnum is capable of brmgmg about 
antheridium formation also m Dennstaediia puncir- 
lobula and in Woodsia obtusa if i 1s supplied at a 
high enough concentration Raper?! also considers 
the possibilty that hormonal specificities account 
for the failure to obtain oospores m some of the 
attempted inter-species and mtergeneric crosses oi 
water moulds 

The above results raise a question of biological 
specificity The work of Kluyver and Van Niel has 
directed attention to the similarity, even identity, 
of many basic biochemical patterns m taxonomically 
widely separated organisms It is tempting to 
postulate that the metabolism associated with 
antheridium formation, an event that we conceive 
of mamly m morphological terms, is also simular ın 
different fern species The above results may be 
reconciled with such a postulate if we consider that 
the mduction of an antheridium 1s likely to involve 
many reactions and compounds Antheridium 
formation m P agunum might thus be controlled 
by a different factor than m A phyllitides because s 
different reaction became rate-limiting durmg evolu 
tion Alternatively, we might be witness to evolutior 
on a molecular level On this assumption the inducing 
molecule has undergone a gradual structural modifica 
tion probably concomitantly with changes m t: 
receptor molecule The isolation and charaeterizatior 
of the two substances should yield pertinent informa 
tion In the meantime, an attempt is bemg made tc 
assay for sumlarity between the two factors base 
on the postulate that one factor might be a precurso: 
of the other or that one factor might behave as | 
chemical analogue of the other and thus interfer 
with ris synthesis or with the function ıb perform 
in the mitiation of antheridia 

YI am grateful to Dr Armm C Braun for th 
encouragement he has given this mvestigation an: 
for a critical reading of the manuscript I am als 
indebted to Drs Ralph H Wetmore and Max War 
for supplymg plants and spores of A phyllitedes 

This investigation was supported m part by 
National Science Foundation Research Grant (@-3225 
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Monday, November 2 


INSTITUTION OF EGECTRICAL ENGINEERS, ELECTRONICS and COM- 
MUNICATIONS SECTION (at Savoy Place, London, W 02), at 530p ri 
—Dr A E Karbowiak “Some Comments on the Classification of 
Waveguides Modes", Mr L Lewin “Some Comments on Quasi- 
Optical Methods at Milhimetre Wave-lengths” 


UNIVERSITY OF LONDON (at the School of Oriental and African 
Studies, London, W C 1),at 5 30 p m —Prof A de Almeida (Tasbon^ 
"Mucuepes—a Native People from the NMogimedes Desert" (First of 
three lectures on “The Non-Bantu Peoples from Angola" Further 
Lectures on November 3 and 5 )* 


SOCIETY oy CHEMICAL INDUSTRY, LONDON SEOTION (at 14 Belgrave 
Square, London, S W 1), at 6 380 p m —Dr Otto Horn ‘Chemical 
Research ın Germany” 


Tuesday, November 3 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, WC 1), at 115 pm—Mr N J B 
Plomley “The Tasmanians an Extinct Race” * 


INSTITUTION OF JILECTRICAL ENGINEERS, MEASUREMENT AND 

CONTROL SECTION (at Savoy Place, London, W 02), at 530 pm — 

P Gleghorn “An Analogue Electronic Multiplier using Tran- 
sistors as Square-Wave Modulators” 


UNIVERSITY OF LONDON (at Imperial College of Science and Tech- 
nology, London, 8 W 7), at 630 pm —Prof E OC Cherry "Tele. 
communication as Social Science” (Inaugural Lecture) 


UNIVERSITY of LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), at 
530pm—Dr J M Mitchison ‘The Life Cycle of Growing Cells” 
(Sixth of fifteen lectures on “The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical] Federation Further lectures on 
November 5, 10, 12, 17, 19, December 1, 3, 8, 10 ) 


PLastics INSTITUTE (at the Wellcome Building, 183-193 Huston 
Road, London, N W 1), at 630 pm —Dr W F Watson “Recent 
Advances in Synthetic Rubbers” 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, 8 W 1), at 630 pm —Dr GF C 
Barrett ‘“‘Delrm’ Acetal Resin” 


TEXTILE INSTITUTE (at the Chemical Society, Burlington House, 
Piceeeuly, London, W 1), at 630 pm —Mr J David “Modern 
roofing’ 


Wednesday, November 4 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, WC 1), at 3 pm and 6 pm —Half-day Symposium on 
“Input/Output Devices” 


INSTITUTE OF PETROLEUM (at G1 New Cavendish Street, London, 
Wi),at530pm—Mr W S Ault “On and Transport” 


ROYAL METEOROLOGICAL SoOrETY (at 49 Cromwell Road, London 
3.W7),at530 pm—Mr H Charnock “Ocean Currents” 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, 
Burlington House, Piccadilly, London, W 1), at 7 p m —Meetıng for 
‘eading of Original Papers 


Thursday, November 5 


_ UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
ondon, Ducane Road, London, W 19), ab 4 pm —Dr T Alper 
X M ‘Ebert and Dr R H Thomlinson "Biological Effects of 
iadiation-— General Survey" (First of sıx lectures Further lectures 
n November 12, 19, 26, December 3 and 10 )* 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W 1), at 
30 pm—Prof A V Mill, FRS,and Mr J V Howarth “The 
teversal of Chemical Reactions in Contracting Muscle During 
n Apphed Stretch”, Mr F W Darwin and Dr J W S Pringle, 
‘RS "The Physiology of Insect Fibrillar Muscle 1 Anatomy and 
nnervation of the Basalar Muscle of Lamellicorn Beetles”, Mr 
X E Machin and Dr J W S Pringle, FRS “The Physiology 
f Insect Fibrillar Muscle 2 Mechanical Properties of a Beetle 
‘ight Muscle" 


UNIVERSITY OF LONDON (imn the Physiology Theatre, University 
ollege, Gower Street, London, W C 1),at 5 p m —Dr P N Campbell 
The Synthesis of Protein by the Cytoplasmic Components of Animal 
id lo ) (First of three lectures — Y'urther lectures on November 12 
n 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
702),a6 530 pm —Mr M C ÜOrowleg-Milhng “The Application 
f Irradiation in Industry" 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
ropical Medicine, Keppel Street, Gower Street, London, W C 1), at 
30 p m —Prof Pontecorvo “Genetic Analysis via S$matic 
lg” (Seventh of fifteen lectures on “The Scientific Basis of Medi- 
ne” organized by the British Postgraduate Medical Federation 
urther lectures on November 10, 12, 17, 19, December 1, 3, 8, 10 )* 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint 
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Friday, November 6 


INSTITUTE OF PHYSIOS (at 47 Belgrave Square, London, S W 1), at 
6pm-—Mr R D Moore “The Role of Phyacs in the Investigation 
and Treatment of Heart Disease” 


SOCIETY OF DYERS AND COLOURISTS (at the Royal Society, Burling- 
ton House, Piccadilly, London, W 1), at 6 pm —Mr D F Anstead 
“The Use of Colour in Cosmetics” 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 
14 Belgrave Square, London, 8 W 1), at 630 pm——Dr B C L 
Weedon “Electrolytic Methods 1n Preparative Organic Chemistry” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 
9pm —Prof H Bondi, FRS “What Goes On Inside the Stars" 


Saturday, November 7 


LONDON CouNTY COUNCIL (at the Horniman Museum, London 
Road, Forest Hill, London, S E 23), at 3 30 —Mr B B Boycott 
“Devilfish—Octopuses, Squids and Cuttlefishes'' * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

DIRECTOR and an ASSISTANT DIRECTOR of the British Institute of 
Mistory and Archeology in Hast Africa (Headquarters at Dar es 
Salaam and Kampala)—The Secretary, The British Academy, Bur- 
Iington House, Piccadilly, London, W 1 (November 10) 

LECTURER (preferably with special experience in the field of organic 
chemistry) IN CHEMISTRY at Victoria University of Wellington, New 
Zealand—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, WC1 (New Zealand, 
November 15) 

IMPERIAL CHEMICAL INDUSTRIES FELLOW (preferably under 29 years 
of age) at Durham or Newcastle for research in Engineering, Chemistry, 
Physies and allied subjects, meluding the biological application of 
chemistry—The Registrar, University Office, 46 North Bailey, Durham 
(November 16) 

PLANT PHYSIOLOGIST (honours graduate in serence or agricultural 
science (or equivalent) with some years relevant postgraduate research 
experience) af the Irrigation Research Stafion, CSIRO , Griffith, 
New South Wales, Australia, to investigate effect of water stress mm 
plants in new laboratories containing controlled environment chambers 
—Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W C92, quoting Appointment 
No 500/115 (November 20) 

MULLARD RESEARCH FELLOW (preferably with a Ph D degree or 
equivalent research experience) IN PHYSICS for research im various 
branches of solid-state physics, with particular reference to defects, 
semiconductor or surface properties—The Registrar, University 
College of North Staffordshire, Keele, Staffs (November 30) 

PRINCIPAL (with high academic qualifications, wide experience in 
administration, and conversant with developments in technological 
education)—The Clerk to the Governing Body, Battersea College of 
Technology, London, S W 11 (November 30) 

SENIOR LECTURER IN PHYSICAL CHEMISTRY IN THE DEPARTMENT 
OF CHEMISTRY AND CHEMICAL ENGINSERING—Prof F Sebba, Professor 
of Physical Chemstry, University of che Witwatersrand, Milner Park, 
Johannesburg, South Africa (November 30) 

LECTURER IN THEORETICAL PHYSICS, and a LECTURER IN PHYSICS 


bar Registrar (Room 22, O R B ) The University, Reading (Decem- 
er 7 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and ireland 


Forestry Commission — Bulletin No 31 Code of Sample Plot 
Procedure By Dr F C Hummei, G M L Locke,J N R Jeffersand 
ar Otiritie Pp v+113 (London HM Stationery Office, e 

3 ne 

Commonwealth Bureau of Helminthology Supplement to the Nema- 
tode Parasıtes of Plants Catalogued Under Their Hosts, 1955-1958 
By Dr J Basi Goodey, Dr Mary T Franklin and David J Hooper 
Pp 11+66 (Farnham Royal Commonwealth Agricultural Bureaux, 
1959) 7s 6d [138 

Chelsea College of Science and Technology Prospectus, Session 


1959-60 Pp 35 (London Chelsea College of Science and Tech- 
nology, 1959 ) [188 
Library Association Special Subject List No 30 Handicapped 


Children in Britain—Their Problems and Education Compiled by 
Mrs W A Axford (Books and Articles published ın Great Britain 
from the 1944 Education Act to 1058 ) Pp 53 (London Library 
Association, 1959 ) 4s [188 
Current Medical Research a reprint of the articles in the Report 
of the Medical Research Council for the year 1957-1958 Pp 11+46 
(London HM Stationery Office, 1959 ) 3s 6d net 188 
World Power Conference Annual Report,1958 Pp 20 (London 
World Power Conference, 1959 ) [188 
Ministry of Agriculture, Fisheries and Food Fishery Investiga- 
tions, Seres 2, Vol 22, No 7 The Spawning of the Plaice 


eeting with the Agriculture Group, at 14 Belgrave Square, London, * (London HM Stationery Office, 1959 ) 37s 6d net 


Wi), at 615 pm —Dr M E Brown 
iero-Organisms" , Dr R M Jackson 
` the Rhizosphere” 


“Plant Roots and Soil 
“Fhe Ecological Significance 


(Pleuronectes platessa) yn the North Sea By A C Simpson Pp mt eB 


Report of Her Majeaty’s Civil Service Commissioners for the period 
1st April, 1958 to 31st March,1959 Pp 35 (London HM Stationery 
Office, 1959 ) 22 6d net [109 
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Planning, Vol 25, No 435 (24 August 1959) | The Work of News- 
paper Trusis Pp 133-100 (London Political and Economic Plan- 
ning, 1959 ) 3s 0d [109 

Annual Report of the Yorkshire Philosophical Society for the year 
1958 Pp 15 (York Yorkshire Philosophical Society, 1959 ) [109 

Department of Scientific and Industrial Research Hydraulics 
Research 1958 The Report of the Hydraulics Research Board with 
the Report of the Director of Hydraulics Research Pp vi+74+8 
plates (London HM Stationery Office, 1959) 5s 6d net [109 

Ministry of Agriculture, Fisheries and Food Domestic Food Con- 
sumption and Expenditure, 1957 _ Annual Report of the National 
Food Survey Committee Pp vi+137 HM Stationery 
Office, 19050 ) 8s 6d net [109 

Royal College of Science and Technology, Glasgow Prospectus 
of Full-time Courses for the One hundred and sixty-fourth Session, 
beginning 5th October, 1959 Pp 128 (Glasgow Royal College of 
Science and Technology, 1959 ) [109 


(London 


Other Countries 


Commonwealth of Aastrala Department of Supply AustraLan 
Defence Scientific Service Annual Report of qhe Defence Standards 
Laboratories for the year ended 30th June, 1958 Pp iv+56 (Mari- 
byrnong, Vic Defence Standards Laboratories, 1959 ) [78 

Indian Council of Agricultural Research Bulletin No 79 South 
Indian Cardamoms and Their Agricultural Value By P Abraham and 
a Thulasidas Pp vi--27 (Delhi Manager of Publications, 19922 

s 3, bs 

Research Facilities of the United States Fishery Laboratory, 
Beaufort, North Carolina Pp 12 (Washington, DC Government 
Printing Office, 1959 ) [108 

Metropolitan Life Insurance Company — Statistical Bulletin Vol 40 
(June 1959) Population Outlook for 1970 American Wives and 


Mothers Sex Difference in Cancer Mortality Decrease in Frequency 
of Drowning Pp 12 (New York Metropolitan Life Insurance 
Company, 1959 ) [10 


United States Department of Agriculture Leaflet No 450 Horse 
Bots Howto Control Them Pp 8 (Washington, D C Government 
Printing Office, 1959) 5 cents [108 

Sudan Government Ministry of Agricilture Annual Report of the 
Research Division, 1953/54 Pp ut+2385 (Khartoum Ministry of 
Agriculture, 1956 ) [108 

Report of the King Institute of Preventive Medicine, Guindy, for 
the period from 1st April 1955 to March 31st 1956 By Dr 8 Govin- 
darajan Report of the Government Analyst, Madras By 8n 8 
Narayana Ayyar Pp 96 (Madras Controller of Stationery and 
Printing, 1959 ) [108 

Commonwealth Scientific and Industrial Research Organization, 
Australia Division of Fisheries and Oceanography Technical Paper 
No 7 The Primary External Water Masses of the Tasman and Coral 
Seas By D J Rochford Pp 28 (Melbourne Commonwealth 
Scientific and Industrial Research Organization, 1959 ) [ 

United States Department of she Interior Fish and Wildlife 
Service Research Report No 51 Fluctuations in the Commercial 
Fisheries of Saginaw Bay, 1885-1956 By Ralph Hile and Howard J 
Buettner Pp iv+38 25cents Fishery Bulletin No 149 Grayling 
of Grebe Lake, Yellowstone National Park, Wyoming By Thomas E 
Kruse Pp 1v4-307-951 35 cents  Fishery Bulletin No 151  Fluc- 
tuations on the Population of Yellow Perch, Perca flavescenes (Mitchill), 
in Saginaw Bay, Lake Huron By Salal El-Din El-Zarka Pp 1v +365- 
415 40 cents Xishery Bulletin No 153 Life History of the Three- 
spine Stickleback Gasterosters aculeatus Linneaus 1n Larluk Lake and 
Bare Lake, Kodiak Island, Alaska By John Greenbank and Pnilip 
R Nelsun Pp 1v-+537-559 25 cents (Washington, DC Govern- 
ment Printing Office, 1959 ) (108 

Northern Rhodesia Water Development and Irrigation Depart- 
ment Annual Report for the year 1958 Pp 7 (Lusaka Government 
Piinter, 1959 ) 1s {108 

Institut pour l'Encouragement de la Recherche Scientifique dans 
l'Industrie et l'Agriculture Comptes Rendus de Recherches, No 23 
(Juillet, 1959) Travaux du Comité International des Recherches 
sur le Bas Fourneau Belgique—C E C A —France Pp 73 (Bruxelles 
Institut pour l'Encouragement de la Recherche Screntifique dans 
l'Industrie et l'Agriculture, 1959 ) 65 francs [ 

British Territories in Borneo Geological Survey Department 
Memoir No 6 The Geology and Mineral Resources of the Jesselton 
Kinabalu Area, North Borneo By P Oollenette Pp xvii 4-194 4- 
53 plates (Kuching Government Printer, 1958) 6 Malayan 
dollars (108 

Annual Report of the National Museum, Bloemfontein, for the year 
ended 31st March, 1959 Pp 18 (Bloemfontein National Ed 


59 ) 

Commonwealth Scientific and Industrial Research Organization, 
Australia Division of Land Research ard Regional Survey Katherine 
Research Station—Progress Report, 1946-56 Pp 60--5 plates 
(Melbourne Commonwealth Scientific and Industrial Research 
Organization, 1959 ) [108 

Western Australia Report of the Government Chemical Labora- 
tories for the year 1957 Pp 16 (Extract from the Repoit of the 
Department of Mines ) (Perth Government Printer, 1959) — [108 

United States Department of Commerce Weather Bureau_ Tech- 
nical Paper No 29  RainfallIntensity-Frequeney Regime Part 4 
Northeastern United States Pp iv+85 (Washington,DC Govern- 
ment Printing Office, 1059 ) 125 dollars [108 

Commonwealth Scientific and Industrial Research Organization, 
Australia Soil Publication No 14 Periodic Phenomena in Land- 
scapes as a Basis for Soil Studies By B E Butler Pp 20 (Mel- 
bourne Commonwealth Scientific and Industrial Research Organ- 
ization, 1959 ) [108 

Bhulabhai Memorial Institute The Heritage of Indian Art Series 
No 1 Tne Gupta Temple at Deogarh By Madhuri Desa: Pp 6+24 


plates No 2 The Temple of Virattanesvara at Tiruttani By Douglas , 


Barrett Pp 6+20 plates No 3  Hemavati By Douglas Barrett 
Pp 6+20 plates No 4 The Brahmapurisvara Temple at Pulla- 
mangai By James C Harle Pp 1+24plates (Bombay Bhulabhar 
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Memorial Instıtute, 1958 Distributed by N M Tripathi Private, Ltd 
Rs 10, 208 , 4 dollars, the set [108 
Bulletin of the American Museum of Natural History Vol 118, 
Article3 Oceanographic Observations in the Panama Bight, 'Askoy" 
Expedition, 1941 By Warren S Wooster Pp 113-152 75 cents 
Vol 118, Article 4 Relationships Among the Living Squirrels of the 
Sciurinae By Joseph Curtis Moore Pp 153-206 idollar (New York 
American Museum of Natural History, 1959 ) 108 
Deutscher Wetterdienst Deutsches Meteorologisches Jahrbuch, 


1957 Pp xxxvi+228+5 karten (Offenbach a M Deutscher 
Wetterdienst, 1950 ) 
Deutsche Akademie der Wissenschaften zu Berlin Veroffentlichun- 


gen des Geodatischen Institutsin Potsdam Nr 12 Zur Bestimmung 
der Geoidundulationen aus Freiluftanomalhen Sehwerewerte in 
Grossen Hohen uber der Erdoberflache Von Kurt Arnold Pp 08 
1750DM Nr 13 Strenge Theorie der Absoluten Lotabweichungen 
als Funktionen der Freiluftanomalien der Schwere Von Kurt Arnold 
Pp 46 (Berlin Akademie-Verlag, 1959 ^ [138 
Basterià Tijdschrift van Nederlandse Malacologische Vereniging 
Vol 23 (Supplement) The Netherlands as an Environment for 
Molluscan Life Pp 176 (Amsterdam Nederlandse Malacologische 
Vereniging, 1959 ) [188 
Annals of the New York Academy of Sciences, Vol 81, Article 1 
The Cytopathology of Virus Infection By Robert Love and 86 other 
authors Pp 1-214 (New York New York Academy of Sciences, 
1959 ) 4 50 dollars [188 
F.A O Picture Sheet No 9 Fishing Boats Pp 2 (Rome Food 
and Agriculture Organization of the United Nations, 1959 ) [188 
United States Atomic Energy Commission Thyroid Radioiodine 
Uptake Measurement a Standard System for Universal Inter- 
calibration (ORINS-19, Biology and Medicine) Pp 1x+323 (Wash- 
ington, DC — Office of Technical Services, Department of Commerce, 
1959 ) 3 50 dollars [188 
Research Council of Alberta Geological Division _ Preliminary 
Report 59-1 Coal Reserves for Strip-Mining, Wabamun Lake District, 
Alberta By G Raymond Pearson Pp 1v+55 (Edmonton, Alberta 
Research Council of Alberta, 1959 ) 50 cents [188 
World Health Organization Notification of Communicable Diseases 
a Survey of Existing Legislation Pp 51 (Originally published 1n the 
International Digest of Health Legislation, 1958, 9, 605-653 ) 3s 6d , 
070 dollars, 2 Swiss francs Technical Report Series, No 171 
Menta! Health Problems of Aging and the Aged—Sixth Report of the 
Expert Committee on Mental Health Pp 51 3s 64 , 0 60 dollars 
2 Swiss francs (Geneva World Health Organization, London 
H M Stationery Office, 1959 ) [208 
Canada Department of Minesand Technical Surveys Mines Branch 
Information Circular IC 105 The Story of the Early Days of the 
Extraction of Helium Gas from Natural Gas in Canada, 1915-1920 
By John Satterly Pp v+42 (Ottawa Queen's Printer, 1959 ) 
25 cents [208 
New Zealand Forest Service Forest Research Institute Forestry 
Research Notes No 15 The Distribution of Stand Merchantable 
Volume by Log-Diameter Classes By W G Warren Pp 18 (Welling- 
ton Government Printer, 1959 ) [109 
British Territories in Borneo Annual Report of the Geological 
Survey Department for 1958 By F W Roe Pp xu-F247-F50 plates 
(Kuching Geological Survey Department, British Territories in 
Borneo, 1959 ) 3 Malayan dollars 109 
Osservatorio Astrofisico di Arcetri Annuario per 111959 Pp 59 
(Firenze Osservatorio Astrofisico di Arcetri, 1959 [109 
Instituto de Fomento Algodonero, Bogota Boletin de Extension 
No 2  Qultivo del Algodon en Colombia By Ismael Collazos R 
Pp 52 Estudios Preliminares de Suelos Departamento del Magdalena 
yla Intendencia dela Guajira 1 Departamento del Magdalena By 
L Fernando Irusta e Emilio A Fortoul § Pp vin4-97--2 maps 
9 Intendencia de la Guajira By L Fernando Irusta e Emilio A 
Fortoul S Pp vin4-71--21 plates—2 maps (Bogota Instituto de 
Fomento Algodonero, 1957 ) 109 
Smithsonian Miscellaneous Collections, Vol 139, No 7 Xarly 
Tertiary Apheliscus and Phenacodaptes as Pantolestid Insectivores 
By GC LewisGazin Pp 7-+2 plates (Publication 4385 ) (Washington, 
DO Smithsonian Institution, 1959 ) {109 
World Health Organization Technical Report Series No 175 
Preventive Aspects in the Teaching of Pathology—Seventh Report of 
the Expert Committee on Professional and Technical Education of 
Medical Auxihary Personnel Pp 30 1 Swissfranc, 13 9d , 030 
dollars No 176 Role of Hospitals in Ambulatory and Domiciliary 
Medical Care Second Report of the Expert Committee on Organiza- 
tion of Medical Care Pp 32 1 Swissfranc, 1s 9d , 0 80 dollars 
No 177 Social Psychiatry and Community Attitudes—Seventh 
Report of the Expert Committee on Mental Health Pp 40 1 Swise 


franc, 1s 9d , 030 dollars No 182 Iron Deficiency Anaemia 
Report ofa Study Group Pp 15 1Swissfranc, 1s 9d , 0 30 dollars 
(Geneva World Health Organization, London H M Stationery 
Office, 1959 ) [109 
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CONFERENCES : BIG OR SMALL? 


Nee Science means more mformation, in the 
form of books, journals and conferences No 
scientist needs to be remmded of this It was 
estimated recently that to keep up with all the 
current work a physiologist would have to read 
nearly four hundred papers a day, Sir George 
Thomson has even gone so far as to suggest that 1t 
i$ the impossibihty of absorbmg the necessary 
information that will ultimately halt scientific pro- 
gress Communication 18 therefore a subject that we 
cannot afford to neglect The purposes of books and 
journals are, or should be, obvious , but the functions 
of conferences are more complicated 

Scientific conferences grew as an answer to the 
problem of assimilating m a reasonable time the vast 
quantities of mformation scattered throughout the 
journals They do provide an answer—the meetmg 
together of workers m simular fields and the collection 
of their ideas are the obvious advantages But ıs it 
the best answer? The basis of a conference is the 
presentation of papers, but why bother to read 
them ? The distribution of all the papers to all the 
members would serve the same purpose It would 
even have advantages it 1s much easier to read a 
foreign language than to follow ıt by ear, and ib is 
difficult to grasp a complicated argument at a single 
hearmg In fact, something of the sort often happens 
when preprints are issued or when the proceedings 
are published m book form afterwards 

The preprint was introduced to save time If all 
his audience are armed with his complete paper, there 
1s no need for a speaker to give more than a summary 
This frees time for discussion or, more frequently, 
more papers. But the possibility of discussion 1s the 
great advantage of conferences Questions can be 
asked and suggestions made ın print, but 1t js a very 
slow business and what takes months 1n the Journals 
may take only mmutes m the conference room 
Conferences have other advantages, of course 
Meeting other workers m one’s own field 1s an obvious 
one But this ıs really an extension of the mam 
advantage one meets in order to discuss 

Conferences are gettmg bigger Tho Fourth Inter- 
national Congress of Biochemistry held m Vienna 
last September was attended by nearly five thousand 
scientists and the published proceedings run to 
fifteen volumes Two thousand one hundred papers 
were submitted at the Second Geneva Conference on 
the Peaceful Uses of Atomic Energy, and there are 
thirty-three volumes of proceedings These two 
examples are exceptions, but they do represent a 
real trend, at least in international conferences 
Ihe question ıs whether this trend ıs a good thing 
Are bigger conferences necessarily better ? In par- 
ticular, are they better with regard to the advantages 
that conferences have over other methods of*com- 
munication ? The answer is, surely, no It has 
already been pointed out that the great asset of 
conferences 1s discussion, and the value of a discussion, 
ts usually mversely proportional to the size of the 


group There is such a press of papers that it is 
difficult to find trme to read them, let alone discuss 
them Furthermore, most big conferences have to 
split up mto sections which moet at the same time, 
and so ib 1s impossible for an active member of a 
section to get any idea of the conference as a whole 
“Interdiserplinary cross-fertilization’, as i$ is un- 
happily ealled, does not take place 

Fortunately, many people are aware of these 
pomts, in particular, some of the research founda- 
tions, such as the Ciba Foundation m Britam which 
recently celebrated its tenth anniversary, and the 
Josiah Macy Jr Foundation in the United States, 
deserve mention Both these organizations sponsor 
symposia Membership of a symposium 1s restricted 
to a small number of experts, so that profitable 
discussions are possible Afterwards, the complete 
proceedings are published It is a pity that there 
are so few mstitutions of this type interested m the 
physical sciences , most of them are biological, with 
a bias towards medicme 

The Gordon Research Conferences, many of which 
are held every year m the United States, illustrate 
yet another approach They cover both the physical 
and biological sciences, and the membership of any 
one conference 1s restricted to a hundred They are 
“mtended as & means of dissemunating information 
which otherwise would not be realized through the 
normal channels of pubhestion and scientific meet- 
mgs” They differ from other conferences ın that 
nothmg ıs published, and no information may be 
disclosed without the speaker’s consent At first this 
may seem odd in connexion with a conference 
"tended as a means of disseminating scientific 
information", but ıt enables those present to speculate 
freely without feeling that hundreds of errtical readers 
will later censure them for making suggestions not 
backed up by adequate evidence Speculation is a 
vital part of science, so i6 is desirable that there 
should be some means whereby people can do so 
together, as well as alone A series of meetings of 
the Gordon type has recently been established m 
Britain The first Miller conference*, on radiation 
chemistry, was held at Portmemion in North Wales 
during April 20-24 and was a success The con- 
ferences have been named after the late Dr N 
Miller, of the University of Edmburgh, who did 
much to help establish them 

Big conferences are obviously here to stay. Many 
important aspects of them have not been discussed 
here, such as their significance as social events which 
promote international understanding, though ıt 1s to 
be hoped that the tendency to compete for national 
prestige, evident at some recent conferences, will 
not have the opposite effect Nevertheless, the small 
mformal gathering, where ideas are exchanged as 
freely as facts, should not be neglected 


* Further information about the Miller conferences can be obtamed 
from the chairman of the next meeting, which 18 to be held in 1961— 
Prof F S Dainton, School of Chem'stry, The University, Leeds 2 


836 
HISTORY OF COSMOLOGY 


Le Systéme du Monde 

Histoire des Doctrines Cosmologiques de Platon à 
Copernic, Tome 10 Par Prof Pierre Duhem Pp 
528 (Paris Hermann, 1959) np 


HE ‘great work of the late French historian of 
science, Pierre Duhem, on the history of cos- 
mology from Plato to Copernicus, 1s now completed 
by the publication of Volumes 9 and 10 It will be 
remembered that only the first five volumes were 
published during the author's life ın the years 1914— 
17 At the time there was no possibility of publish- 
ing the extant material for the remammg volumes, 
and ıt seemed that the historians of science would have 
to become resigned to the valuable work remaining a 
torso for ever. However, after the Second World 
War circumstances were ameliorated and so the 
rather rare situation could arise of the missing volumes 
appearmg some forty years after the begmnmg of 
publication. On & previous occasion comment has 
been made upon the unavoidable drawback of the 
work becoming somewhat antiquated in the meantime 
This, however, 18 only a slight disadvantage m com- 
parison to the immense value to be attributed to 
Duhem’s pioneering work, which forms the beginning 
of the modern interest m medieval natural science 
Of the new volumes, Volume 9 brings to com- 
pletion the subject-matter of Volumes 7 and 8, 
mainly consisting of the Parisian physics of the 
fourteenth century First, the theory of the tides 
is dealt with from Wilham of Auvergne to Pierre 
d'Auly, then follows the equilibrium of the Earth 
and the oceans, with an mtroduction to the idea of 
their centre of gravity of Greek and Arab commen- 
tators of Aristotle, the origms of geology, includmg 
the theory of the small movements of the Earth. 
Hereafter the important question of the rotation of 
the Earth is tackled, the discussion of which was 
maugurated by Duhem in 1909 in his epoch-makmg 
article on Oresme as a precursor of Copernicus, m 
the Revue Générale des Sciences This article 1s sub- 
stantially reproduced here and 1s supplemented by 
a discussion of the views of that other great figure of 
medieval physics, Joan Buridan The author repeats 
his former conclusion that the daily rotation of the 
Earth was duly discussed ın the Parisian school of the 
fourteenth century and that m particular Oresme 
deserves credit for his anticipation of the ideas of 
Copernicus on the Earth's daily rotation In the 
final chapter of Volume 9 the problems of the plurality 
of worlds m connexion with the possibility of the 
vacuum and with the variability of gravity with the 
distance to the centre of the world are discussed 
In, Volume 10 ıt becomes quite clear that 1t 1s not 
offered to us as a complete work, but only as a com- 
pilation of fragments in greater or lesser degree of 
perfection The title of the whole of Volume 10 
was not chosen by Duhem himself but was added 
by the editors, who hoped to sum up by it the prm- 
cipal contents of the volume It announces a treat- 
ment of fifteenth-century cosmology and of the 
schools and unrversities in which i6 was developed 
The decline of the University of Paris in the first half 
of the fifteenth century 1s dealt with rather elabor- 
ately, but the treatment of the subsequent de- 
velopments leaves somethmg to be desred The 
German universities of that century receive full 
attention, but the English and Italian ones remain 
somewhat m the background, although Paul of 
Venice (Paolo Nicolett:) has an extensive chapter 
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devoted to hım This ıs also the case of Nicolaus 
of Cusa, the German cardinal, whose ideas are ex- 
pounded at length Finally, there are chapters on the 
Viennese astronomers Peurbach and Regiomontanus 
and on the fourteenth-century humanists Petrarca 
and L Bruni, which, however, are far from dealing 
exhaustively with the relation of humanism to 
medieval philosophy 

The treatment 18 everywhere extremely clear and 
interesting, one regrets that the work was not 
completed by 14s author E J DIJKSTERHUIS 


RUSSIAN VIEW OF SPACE FLIGHT 


Sputniks and After 

By Karl Giuzm Translated from the Russian by 
Paulie Rose. Pp. 285+25 photographs (London 
Macdonald and Co. (Publishers), Ltd , 1959 ) 21s net 


ARL GILZIN, a lecturer at the Moscow Aviatiot 
Institute, gives here a popular account of the past 

present and probable future of space flight Broodim; 
over the whole story 1s the spirit of Tsiolkovski, tht 
‘father of astronautics’, who foresaw m remarkabl 
detail the techniques likely to prove most efficaciou: 
in space fight Smee British and American author: 
have scarcely done justice to this Russian pioneer, the 
eulogy ın the present book will do no harm. It als 
serves to remind us how the Russians have created 
around the name of Tstolkovski as patron saint, t 
mystique of space flight which 1s unparalleled m the 
Western world it 18 no accident that expermmenti 
with animals, a necessary prelude to manned spaci 
travel, have figured so largely in the Soviet rocke 
and satellite programmes, or that Sputnik 1 wa: 
launched withm a month of the centenary of Tsiol 
kovski's birth 

The subject-matter of the book can be divided mt 
three sections, past, present and future The firs 
section expounds the principles of space flight anc 
traces the development of rockets and other powe 
units in fair detail, though with a pro-Russian bias 
Tsiolkovski figures ın the history of the gas-turbm 
engine, but not Whittle The second section, cover 
ing present developments, though it includes a goo: 
chapter on the atmosphere, 1s disappointing m detail 
there 1s no new information on the Sputniks, and th 
meagre report of the results obtamed from then 
(which appears to date from mid-1958) 1s, a littl 
surprisingly, based largely on British radio observa 
tions reported m Nature The last section is an excel 
lent preview of space flight, which ends with ai 
imaginary but realistic excursion to the Moon by : 
party of school-children 

The material ıs presented m an easy, expert manne 
and the book is well illustrated and technicall: 
reliable There are a number of lapses and incon 
sistencies, however for example, the rocket a 
Sputnik lis on p 117 said to have completed ıt 
900th circuit of the Earth on December 2, 1954 
when 1t really came down on the previous day, as 1 
imphed onp 131, onp 139 Jodrell Bank ıs describe: 
as an Insh radio observatory, a peccadillo startling t 
parochial ears, and the last paragraph on p 10 
does’ not follow from the one before 

The translation 1s competent, but too overloade 
with abstract nouns to be called graceful, and th 


. phraseology sometimes conflicts with establishe 


usage ‘thrust’ sometimes masquerades as ‘traction 
and ‘solid fuel’ as ‘dry fuel’ D G Kixc-HELE 
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VAPOUR-LIQUID EQUILIBRIUM 
TREATISE 


'apour-Liquid. Equilibrium 

y Eduard Hala, Jifí Pick, Vojtéch Fried and 
takar Vilim ‘Translated by G Standart (Czecho- 
ovak Academy of Sciences Monographs and Source 
[ateriàl Chemical Section) Pp xvu +402 (London 
ad New York Pergamon Press, 1958) 90s net 


I authors have made an etfort to produce a 
comprehensive treatise on all aspects of vapour— 
quid equilibrium, and certamly this is the most 
xmplete work yet to appear on the subject It is 
‘vided into three parts, covering respectively the 
1ermodynamic basis for correlation of data, experi- 
ental techniques of measurement, and an up-to-date 
irvey of the relevant hterature The theoretical 
asis of the subject 1s developed m four chapters, 
arting with general thermodynamic relations in the 
‘st chapter, mtroducing the concept of ideal solutions 
. the second, and finally dealing with real solutions 
. the third and fourth 

Although the content of Chapter 1 may be found m 
1y text-book on thermodynamics, and will be con- 
dered elementary by most readers, ıt 18 useful to 
ave such a summary of the relations to hand, and 1t 
so serves to introduce the symbols and nomen- 
ature—we learn, for example, that the Gibbs free 
ergy 18 to be referred to as the “free enthalpy”. 
:38 a pity that the chapter should be marred by the 
mamon student's error made in passing from expres- 
ons involving “number of moles" to those involving 
nole fraction” In spite of the warning at the foot 
‘page 10, the authors themselves fall mto the irap 
1 page 11 m obtaming equation I-47 The same 
Tor 1s made later m the first expression of equation 
-255 on page 70, while equation I-257 on the same 
ige 18 not deducible from equation 1-148, but 
ther follows directly from equation I-147 In a 
mar way, equation I-141 on page 28 1s m fact 
rrect, and is not obtamed, as stated, from the 
roneous equation I-47 In all these cases, con- 
sion would be avoided 1f the complete set of variables 
volved were given for each equation, rather than 
mply indicating the constancy of pressure and 
mperature In Chapter 2, the properties of ideal 
lutions are adequately dealt with, and Chapter 3 
troduces the concepts of activity and activity co- 
icient, and develops the relevant thermodynamic 
lations The major part of Chapter 4 1s concerned 
th integrations of the Gibbs-Duhem equation, and 
is 18 probably the most valuable section of the 
1ole book The treatment 1s systematized in the 
xy first presented by Wohl, and forms an excellent 
mmary of the many empirical relations now 
isting, mcludmg those due to Van Laar, Margules, 
atchard and Hamer, and Redlich and Kister It is 
pity that Wohl’s own contribution 1s represented 
ly by his earher work, and that no mention is 
ade of his 1953 paper The value of this section 1s 
hanced by the melusion of many worked numerical 
amples of the application of these equations, to- 
ther with comparisons of the results with direct 
perimental data, as well as a summarized presenta- 
m of all the relations m tabular form Thus, 
shough the authors have wisely reframed from 
tempting a general assessment of the relative 
lues of these relations, they have made ıb easy 
r the reader to make his own comparisons for any ° 
ecific case 
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The authors show good practical sense 1n following 
up this survey with a discussion of methods for 
deriving complete equilibrium data from imduirect 
measurements, again fully supported by numerical 
examples Here one could perhaps wish for a little 
more discussion on the relative suitability of the 
methods for numerical solution of these particular 
differential equations, smce two methods have been 
introduced somewhat arbitrarily in the examples. 
Some discussion of the magnitude of the errors 
involved in the different methods would also be 
welcome On reading this chapter, one is left with the 
impression that, since the Gibbs-Duhem equation is 
obeyed, all the correlations are at least thermo- 
dynamically consistent The lımıtatıon of the Gibbs— 
Duhem equation, as an expression of variation with 
composition of a single phase at constant pressure 
and temperature, is exphertly stated m the earlier 
chapters However, as 1s frequently done, it 1s later 
assumed in some applications to hold along the equi- 
librium lme, which for binary mixtures must mvolve 
variation of either temperature or pressure It 1s 
only fair to the authors to say that m each case this 
assumption 1s noted, but its significance and the 
approximation involved are rarely sufficiently 
stressed, and are more often glossed over, as imn the 
case of the derivation of the expressions for lmuiting 
relative volatilities on page 45 

In view of the detailed treatment accorded to these 
integrations of the Gibbs-Duhem equation, it 38 
disappomn&mg to find only a cursory treatment of 
alternative methods of correlating equilibrium data. 
The effect of non-idealiby of the vapour phase 1s 
disposed of in less than eight pages, which also con- 
tam the only reference to equilibrium-ratios, or 
K-values Surely the Benedict equation, and all 
that arises from it, 1s worth more than a passing 
reference? The law of corresponding states 1s 
illustrated by two numerical examples, but the treat- 
ment 1s wholly inadequate The reader will find no 
mention of the “convergence-pressure’ concept, nor 
mdeed is any mdication given of the difficulties 
arising im correlatmg equilibrium data when the 
temperature 1s above the critical temperature of one 
or more of the components Here the absence of 
vapour pressure makes rmpossible the application 
of the Gibbs-Duhem mtegrations, or even the ideal 
solution laws 

Part 21s concerned with laboratory techniques, and 
should be considered as a review of a wide range of 
techniques, rather than as & detailed discussion and 
assessment of the different methods The five chap- 
ters cover criteria of purity, temperature and pressure 
measurement, vapour pressure and vapour-liquid 
equilibrium determmations In each case a good 
variety of techniques 1s presented, and, although there 
is seldom an adequate assessment of precision and 
the treatment 1s sometimes superficial—for example, 
the dead-weight piston pressure-balance 1s dealt with 
m six Imes—there are usually sufficient references to 
the literature to enable one to obtain all the mforma- 
tion required 

The authors state imn their preface that they have 
deliberately avoided description of current laboratory 
equipment, and on these grounds have excluded 
thermostats This does not seem logical for a book 
which includes chapters on measurement of tempera- 
ture and pressure and discusses manostats m some 
detail One cannot deny the usefulness of these in 
directing attention to pomts which so many workers 
overlook, and m view of the authoritative treatment 
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of methods of determination of vapour pressure and 
equilibrium compositions one feels that the authors 
would have much to contribute on the special prob- 
lems eonnected with thermostats Many readers will 
be grateful for the extensive review of equilibrium 
stalls, particularly because of the systematic method 
of classification employed, and the summarized com- 
parison of them m a single table at the end of the 
chapter 

Part 3 consists of an alphabetical index to more 
than 1,200 references to origmal work on the experi- 
mental determination of equilibrium data This 
impressive list 1s all the more valuable as it gives 
world-wide coverage of technical publications up to 
February 1957 

Although the book falls short of a comprehensive 
treatise and in its present edition has a number of 
shortcomings, 16 1s nevertheless an outstanding con- 
tribution to the subject, and contains so much of 
solid worth that most workers m the field should 
learn something from its pages, and find 1t of con- 
stant value as a reference work R SARGENT 


TRANSISTOR ELECTRONICS 


Junction Transistor Electronics 

By Richard B Hurley Pp xvu+473 
John Wiley and Sons, Inc , London 
Hall, Ltd , 1958) 100s net 


Transistor Electronics 

By Arthur W Lo, Richard O Endres, Jakob Zawels, 
Fred D Waldhauer and Chung-Chih Cheng Pp 
xu+521 (London Macmulan and Co , Ltd , 1958) 
45s not 


N its own Hurley's book has a certain amount 
to commend ıt 18, however, difficult to under- 
stand the publishmg policy of Messrs John Wiley 
and Sons About a year ago they published an 
excellent work on junction transistors edited by 
R F Shea, a book which received very favourable 
reviews Hurley covers much the same ground as 
Shea, differing only m detail, and although I must 
admut his book 1s possibly designed more for use as 
a text-book, ıt cannot help bemg a competitor to 
Shea’s work 
Introductory chapters on semi-conductor principles 
lead on to the small signal equivalent circuit of the 
transistor and the use of this circuit in the analysis 
of the transistor audio-amphfier A chapter is 
devoted to bias stebihzation and another to the 
application of negative feedback Tho subject-matter 
of Chapter 6, “Theo Nature of Internal Noise Genera- 
tion and Its Outward Effects", recerves much better 
treatment than ın Shea’s book where 15 was dismussed, 
rather perfunctorily, ın. about a page 
The performance of a transistor under large signal] 
conditions 18 considered. and this leads to the problems 
of the design of power amphfiers ^ Direct-current 
amplifiers, video amplifiers, tuned amplifiers, auto- 
matic gain control, smusoidal oscillators, modulation 
circuits all receive attention by way of separate 
chapters Three more chapters deal with transistors 
m switching applications and m their use as relaxation 
oscillators 
Two rather special applications of the transistor, 
namely, m regulated power-supphes and saturable 
reactor-circuits, have mdividual chapters and receive e 
a more detailed treatment than ın Shea’s work 


(New York 
Chapman and 
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As a book for reference ıt suffers from the absen: 
of a list of symbols, and what is more serious, althou; 
the author himself admits ıt, ıs the use of the san 
symbol with entirely different, and different shad 
of, meaning 

The presentation and reproduction is, of cours 
up to John Wiley's usual high standard 

The work on ‘Transistor Electronics” by I 
et al is a reprint of a well-known book published 
1955 ın the United States by Prentice-Hall Ith 
now been published in Britain by Macmillan, but t 
printing was carried out (and very well, too) in tl 
Netherlands So far as I can see there are no alter 
tions to the original text It covers substantially tl 
same ground as Hurley’s book but of course Hurl 
has three extra years development to melude, a: 
in 8 field that ıs subject to continual metamorpho: 
this gives him a considerable advantage 

The authors, who were all with the Radio Corpor 
tion of America when the book was written, favo 
the four-terminal network approach to the transist 
equivalent eeu and deduce the performance 
the various crrcurts using this as the basis A ve 
useful table shows the many varied forms the fou 
termmal equivalent network can take and will | 
very useful for reference The book 1s mtended bo 
as a text-book for students of this subject and as 
reference work, but I feel that 1t 18 m the form 
application that 1t will be most useful 

J W R Grirriras 


PROGRESS IN PHYSIOLOGY 


Annual Review of Physiology 

Vol 21 Edited by Victor E Hall, m associatu 
with Frederick A Fuhrman and Arthur C Gies 
Pp vin+636 (Palo Alto, Calif - Annual Review 
Inc , and the American Physiological Society, 195 
On sale by Annual Reviews, Inc) 7 dollars 


ITH the pubheation of Vol 21, the ‘‘Annu 
Review of Physiology” comes of age, though ıt 
still a mere fledgling to its 28-year sister publicatio 
the "Annual Review of Biochemistry”. Its grow 
over the years might be considered unphysuologici 
for its size at birth (705 pages) was greater than 
is now (636 pages) The editorial committees ha 
prevented the volume from becommg unmanageab 
large, but the question they raised last year romar 
unanswered whether the present policy of “sku 
ming one volumeful of physiological cream” can ` 
continued indefinitely With the growing output 
research, ıt means that a progressively smaller pr 
portion of the total published work 1s reviewed ye 
by year A similar problem exists for annual revie 
im other subjects Those who write the reviews a 
faced with the difficulty of selection If they inclu 
too many papers 1n ther survey, they tend to produ 
little more than an annotated card index, useful f 
ieference but almost impossible to read through 
they select some of the more important recent wo 
in their subject and give themselves room to disc 
it, they produce a more interesting and stimulatu 
review but may leave out a good deal of significa 
research On the whole, the present reviewers ha 
managed to make their summaries interesting 
read and useful for reference 
The prefatory chapter ıs by A V Hull and dee 
with the heat production in muscle and nerve fro 
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348 (when Helmholtz made the first attempts at 
easurement) to the outbreak of the First World 
Tar The chapter 1s preceded by a portrait of its 
ithor at work, complete with umbrella installed as a 
*otection against floods from the laboratory above ! 
rof Hull discusses some of the earher work in the 
zht of present-day knowledge and he includes 
muniscences of research at Cambridge and of some 
‘the people there and elsewhere who influenced him 
/ 1s good to know that this chapter will be the 
ginning of a future monograph 
This year’s volume contains the usual chapters 
1 the basic subjects, heart, peripheral circulation, 
spiration, digestion, kidney, water and electrolyte 
etabolism, the nervous system (four reviews) and 
production There are chapters on blood clotting, 
me, transport through membranes, heat and cold, 
id chemical influences on cell division and develop- 
ent Endocrmology this time covers the adeno- 
rpophysis and adrenal cortex, and the pancreas 
isuln and glucagon) 
The chapter on Russian physiology deals with 
etabolism and endocrinology Thus 1s the last time 
‘at Soviet research will be treated separately In 
ture, reviewers will be encouraged to make use of 
ie translations of Russian papers which are becommg 
creasingly available, and to discuss these papers 
ong with the work from other countries The final 
i&pter, on comparative physiology, reviews work on 
e annual reproductive cycles of marme mverte- 
‘ates 
The editorial commuttee pays its usual tribute to 
e authors (who write from six different countries) 
r undertaking the heavy task of preparmg these 
rveys, all physiologists wil wish to associate 
emselves with this tribute, and will wish the 
\nnual Review of Physiology” many further years 
useful life D C Harrison 


RUMINATION 


etabolism in the Rumen 

y E F Annison and D Lewis (Methuen’s Mono- 
aphs on Biological Subjects ) Pp 184 (London 
»sthuen and Co, Ltd , New York John Wiley 
d Sons, Ine, 1959 ) 15s net 


HIS ıs an interesting, well-written and up-to- 

date account of the microbiology of digestion m 
e rumen and the resultant biochemical pathways 
metabolism In the rumen complex interactions 
ke place which account for the mmportance of the 
minant m agriculture Mammals do not secrete 
llulases m their digestive juices, and the degradation 
dietary cellulose ın the rumen, its major function, 
achieved by the cellulolytic activities of the miero- 
al population This releases potential substrates 
ym refractory plant materials and permits the 
rmation of metabolic end products in the rumen 
uch are afterwards the maim source of energy for 
e animal This enables ruminants to live on coarse 
rous foods which would otherwise not be available 
. other herbrvora, such as the horse, there 1s a 
nilar but more limited dependence on the activaties 
the micro-organisms of the cecum 
The production of certain essential amino-acids and 
tamins and the conversion of some dietary con- 
ituents mto microbial substance are other metabolic 
ansformations Symbiotic relationships of a remark- 
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able degree have thus been developed m the rumen 
The separate metabolic pathways can seldom be 
adequately examined or controlled m isolation The 
microbiol activities are delicately poised between 
catabolic and anabolic processes ‘Thus, for example, 
m protem metabolism the microbial contributions 
may range from a rapid breakdown of excess mgested 
protem to ammonia and volatile fatty acids, to the 
extreme synthetic phase whereby urea from the 
circulating blood may diffuse mto the rumen and be 
used for the growth of cellulose fermenting bacteria 
The techniques now becoming available to the bio- 
chemist, physiologist and microbiologist are en- 
hanemg their ability to study rumen function, one 
of the most fascinating and rewarding fields for their 
attention 

It is hoped that this book will help to dispel the 
considerable ignorance of many biochemuste, physio- 
logists and bacteriologists concernmg what happens 
imn the rummant The study of such animals should 
have its place m the normal curriculum of these sub- 
jects While some of the pioneer work was set m 
motion by Tappemer in Germany and by Schalk and 
Amadon ın North Dakota, workers m the United 
Kmgdom have made remarkable advances in this 
fascmating field, and the names of Baker, Barcroft, 
Phillipson, Elsden, Pearson, Smith, Oxford, McDonald, 
Synge and Chalmers are to be listed among the 
pioneers But Marston m Austraha, Hungate, Bryant, 
Doetsch, Gall and Huhtanen in the United States, 
Balch, Blaxter and Hobson in Great Britain 
have, among many others, made ther mark The 
authors, too, have justzfied their position to be know- 
ledgeable authorities in this field 

D P CUTHBERTSON 


DEVELOPMENTAL BIOLOGY 


The Developmental Biology Conference Series, 
1956 

Cytodifferentiation Edited by Dorothea Rudnick. 
Pp 14-148 28s net Environmental Influences on 
Prenatal Development. Edited by Beatrice Mintz 
Pp xm+87 22s 6d. net Regeneration m Verte- 
brates Edited by Charles S Thornton Pp x1+108 
52s 6d net Embryonic Nutrition Edited by 
Dorothea Rudnick Pp x1+-113 24s net Immuno- 
logy and Development Edited by M V Edds, Jr Pp 
x1+59 19s net Dynamics of Proliferatimg Tissues. 
Edited by Dorothy Price Pp xv+96 24s net 
Wound Heahng and Tissue Repar Edited by W. 
Bradford Patterson Pp x1+83 21s net (The De- 
velopmental Biology Conference Series, 1956, held 
under the auspices of the National Academy of 
Sciences—National Research Council) (Chicago: 
University of Chicago Press, London Cambridge 
University Press, 1959 ) 


LIVING organism has a present and two pasts, 
one evolutionary and the other ontogenetic <A 
study of any one of the three ıs ultimately compre- 
hensive and will embrace the other two; any 
knowledge of one must be relevant to the others, 
and yet to each there is a distmetive biological 
approach 
The developmental biology conference series, a 
marathon of discussion meetings held m the United 
States with mternational participation m 1956, can 
*be said to mark the end of a period during which 
the developmental approach to biology has been 
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establishing iis aims and staking rts frontiers Em- 
bryology, m the strict sense, 1s no longer granted 
automatic precedence, nor 1s morphogenesis the 
key  problen Events m any part of the 
ontogenetic cycle are seen in terms of the contri- 
bution they can make to an understandmg of the 
whole 

These meetings were thus. if anything, even less 
restricted in scope than might be suggested by the 
titles of the volumes m which they are reported 
Though there 1s remarkably little repetition of one 
ın another, between them they touch upon a sub- 
stantial fraction of all expermmental biology How- 
ever, ib was not intended that the series should be 
comprehensive and there are, mevitably, many gaps, 
some premeditated and others contingent upon the 
mformal nature of the discussions This ıs not a 
fault, but ıt does mean that some of the reports will 
be of most value to those already familar with the 
background to the themes discussed This 1s true, 
for example, of ‘“‘Cytodrfferentiation” and of “En- 
vironmental Influences on Prenatal Development", 
both of which contam stimulating presentations of 
recently discovered facts and recently developed 
ideas On the other hand, the more formal reviews 
m “Regeneration m Vertebrates” provide excellent 
and comprehensive surveys of a few selected experi- 
mental situations 

These seven volumes do mdeed vary greatly m 
character, partly because the meetings themselves 
took different forms and partly by editorial decision 
At the one extreme (for example, m ‘Embryonic 
Nutrition”) we are offered an orthodox sequence of 
papers and discussions of them, with a complete hst 
of the authorities referred to At the other (m 
"Immunology and Development”) the identities of 
discussion leaders, participants, and absent author- 
ities are not defined and ther work 1s merged into 
a sort of collective stream-of-consciousness report 
Both volumes are successful, but their usefulness 1s 
clearly of different kmds 

Formal considerations apart, 1t must be confessed 
that the series, viewed as a whole, lacks the mtel- 
lectual coherence that the ‘‘unity of subject matter" 
claimed for it by its organizer, Paul Weiss, might 
lead one to expect We have not yet a contmuous 
spectrum of problems m developmental biology 
But these meetings certamly reflected real progress 
towards a consciously unified approach to develop- 
mental processes, a progress that will be further 
stimulated by the publication of them proceedings. 

D R Newrs 


THE HETEROGENEITY OF HUMAN 
H/EMOGLOBIN 


Abnormal Hamoglobins 

A Symposium Organized by the Council for Inter- 
national Organizations of Medical Sciences Edited 
by J. H P Jonxis and J F Delafresnaye Pp 


1x+427. (Oxford: Blackwell Scientific Publica- 
tions, Springfield, Ill Charles C Thomas, 1959) 
45s net 


HIS volume contains the papers and discussions 
of a symposium on abnormal hemoglobins held 
in Istanbul im September 1957. Smece Pauling’s 
demonstration m 1949 of an eleetrophoretieally 
distinct hemoglobin in sickle-cell anemia, the dıs- 
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covery of new variants has proceeded with mereasing 
momentum so that, at present, 15 hamoglobins hav: 
been designated by letters of the alphabet Four sub 
fractions of normal adult human hemoglobins, 4, 
As As A, (A5), and one normal foetal hemoglobu 
are now known The complexity of the situatior 
is illustrated by reports of a further seven variant: 
which are given provisional names derived from thi 
place of discovery, in order to avoid confusion of thi 
nomenclature 

The mterest 1n abnormal hemoglobins 1s spreadin; 
throughout the world, and mvolves many scientifi 
disciphnes It 1s this widespread multidiseiplinary 
interest which has brought the subject withm th 
ambit of the Council for International Organization: 
of Medical Sciences Particrpants m the symposiun 
mcluded eminent workers of international repute, an 
others who have become recognized for their work n 
their own geographical localities The papers hav 
been grouped under two mam headings ‘‘Biologica 
Considerations” and the “Geography of Hæmo 
globms" Itano (United States) opens the symposiun 
with an introductory discourse on the ‘‘Genetic anc 
Physical Factors m the Heterogeneity of Heemo 
globin” The identification of human hemoglobin 
18 described by Huisman (Holland), though practica 
details of technique are not given This paper 1 
supplemented by Cabannes and Portier (Algiers 
with a description of ther electrophoretic experience 
of the newly discovered hemoglobins Two group 
of workers usmg two different techniques bring fort] 
evidence that the alkah-resistant hemoglobin o 
thalassemia is not foetal hemoglobm a view no 
held by the majority of authorities Derrien (France 
bases his evidence on solubility experiments, whi 
Dianoco and Castay (Tunis) describe mmunologica 
differences usmg a complement fixation test for th 
detection of hemoglobin antibodies Clmical an 
hematological aspects of the various hszmoglobr 
syndromes are described by Zuelzer (United States; 
Chapters on foetal and sickle cell hemoglobin ar 
provided by Jonxis (Holland) and Vandepitte (Belgia: 
Congo) respectively Fessas (Greece) described th 
alterations of the hemoglobin pattern 1n thalasssemue 
The first section ıs concluded by chapters on th 
genetic aspects by Neel (United States) and o 
tho hemoglobm types of animals by Huisma: 
(Holland) and his colleagues 

In the part on geography, the followmg author 
have dealt with the position of abnormal hæmc 
globms im ther region Aksoy (Turkey), Pouy 
(Iran), Silvestroni and Bianco (Italy), Fessas (Greece: 
Vandepitte (Belgian Congo), Portier, Cabannes an: 
Duzer (Algiers), Edington (Ghana), Chatterjea (India’ 
de Silva, Jonxis and Wickramasinghe (Ceylon), Na 
Nakorn (Thailand), and Lie-Injo Luan Eng (Indonesia; 
Prof Jonxis contributes some interesting comparison 
of the frequencies of the sickle-cell and haemoglobr 
C trarts ın the Dutch colonies of Curacao and Surmar 
Two chapters by Lehmann (United Kingdom) pu 
the subject of hemoglobm variants in their prope 
geographical perspective 

The nomenclature of the newer hemoglobr 
variants H-N ıs given m an appendix, togethe 
with the studies required before a new hemoglobr 
can ebe designated 

This volume will provide a useful account of th 
abnormal hemoglobin situation up to early 195€ 
whether the reader be a hematologist, physician 

* biochemist, geneticist or anthropologist 
J A M AGER 
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A Handbook of Lattice Spacings and Structures of 
Metals and Alloys 

By Dr W B Pearson (International Serres of 

Monographs on Metal Physics and Physical Metal- 

lurgy, Vol 4) Pp x--1044 (London and New 

York Pergamon Press, 1958) 262s 6d 


HIS is a formidable work of more than 1,000 
pages It is divided mto two parts Tho first 
part is an account of the methods used 1n the accurate 
determination of lattice spacings and crystal struc- 
tures, and of the significance of the results ın con- 
nexion with the location of phase boundaries, the 
application of electron theory to metals and alloys, 
and the effect of magnetic properties on lattice 
spacings A briefmention 1s also made of the role of lat- 
tice parameter measurements in miscellaneous fields 
such as thermal expansion and superconductivity 
The second part occupies most of the book, and 
consists of a collection of crystallographic data 
This meludes the lattice spacmgs and crystal struc- 
tures of the elements, of bmary, ternary and quater- 
nary alloys, and of borides, hydrides, carbides, 
nitrides and oxides The largest section ın this part 
is an alphabetical mdex of the work on metals and 
alloys For each alloy system a brief description of 
the equilibrium diagram is given, together with a 
critical assessment of the various lattice parameters 
obtained by different workers Sufficient practical 
information on the methods of obtammg the data 
is given to make ıt unnecessary ın most cases to 
refer to the original papers References are included 
up to 1957 
The labour involved ın produemg this work must 
have been considerable, and the author 1s to be 
congratulated on the result It will prove to be of 
great value to the research worker, and should be m 
the library of all people who are mterested m the 
physics of metals The book is unfortunately very 
expensive J A CATTERALL 


The Birds of Sydney (County of Cumberland), 
New South Wa'es 

By K A Hindwood and A R McGill Pp m+ 

128+19 plates (Sydney Royal Zoological Society 

of New South Wales, 1958) 12s. 6d 


HE Sydney Basın ıs essentially Triassic in 
origin and was formed by successive lake deposits 
overlying coal measures of Permian age Above the 
coal ıs red shale, and above this there les a tough 
sandstone surmounted by a final capping of grey 
shale Here and there erosion has bared the under- 
lying structures , in fact, the city of Sydney is built 
on and partly of Hawkesbury sandstone Hach 
geological type supports its own characteristic flora 
and, correspondingly, fauna The red shale of the 
deep valleys has attracted an Indo-Malayan vegeta- 
tion, as well as a fauna partly of northern affinity 
The flowering heaths of the sandstone support many 
honey-eating animals and others, and im the open 
forests of the surviving top-shale ıs found a fauna 
which ıs often closer allied to that of the dry interior 
than to the animals 1n the cool valleys nearby 
Messrs Hindwood and McGill have compiled a 
useful list of the 377 species of birds—both land and 
marme—native to this zoologically fascinating region 
Under each name are five or six hnes, mentioning 
salient pomts of description and the localities in 
which each species can be found The compilation, 
therefore, remains of strictly local mterest ; and this 
is a pity The area abounds with problems relating 
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to the wider aspects of avian zoogeography, ecology 
and dispersal and ıb 1s regrettable that no attempt 
has been made to get to grips with such matters 
The book 1s wlustrated with a map of the area and 
excellent photographs of about thirty species 

A J MARSHALL 


Food for Survival after a Disaster 

By Dr R C Hutchmson Pp i1x+90-+6 plates 
(Carlton, N 3 Melbourne University Press, Lon- 
don Cambridge University Press, 1959) 13s 6d 


HE disaster envisaged in the title is that of 

shipwreck, forced plane landmg, or vehicle 
breakdown in a desert area, rather than the large- 
scale disaster of modern war, and the information 
given 1s primarily that which would be of the greatest 
value to mdividuals or small groups of survivors 
trymg to keep alive under adverse conditions in 
strange surroundings In addition to this, however, the 
book also contams much pertinent detail on de-salting 
kits and on the selection and packaging of survival 
rations which would be of great use to those planning 
scientific expeditions and to commercial shippmg and 
air-lme companies who may not have access to 
pamphlets prepared for the Armed Forces. 

The author claims to speak from personal experi- 
ence as “ʻa survivor on both land and sea", and has 
certamly condensed a wealth of material into a very 
small space and presented 1t m a most readable form 
The chapter on ‘‘Possible Supplementary Sources of 
Food" ıs a whole lesson in ecology in itself and one 
that should stimulate the interesb of any school-boy. 
Decidedly a book to be recommended to all mveterate 
travellers the day might well come when they 
would owe their lives to what they had learnt from 
M W Grant 


From Microphone to Ear 

Modern Sound-Recordimg and Reproduction Tech- 
mque By G Slot Second, revised and enlarged 
edition Pp 1x+258 (Emdhoven Philips’ Technical 
Library, London Cleaver-Hume Press, Lid, 
1959 ) 21s 


HIS book might well be entitled ‘“Gramophones, 
from A to Z", for rb seems to contam every- 
thing, even (p 82) how to remove gm spots from 
your records! It ıs obviously written by an en- 
thusiast for enthusiasts, and its quality has been 
well preserved ın the excellent translation Many an 
amateur constructor, ‘hi-fi? or stereophony fan, or 
even the intelligent listener with a curiosity to learn 
more of what gets the music on to the records and 
out of the loudspeaker, will find plenty of readmg 
here Recording techniques, studio work, tracking 
theory, loudspeaker dynamics, cabmet design, motor 
construction, care of records, negative feedback, 
tape recorders, sound effects, automatic record 
changers, needles, hum—the lot 
With this enormous coverage the treatment of 
much of the material will seem shallow to profes- 
sionals and ıt would be easy to be critical, but pur- 
poseless The book ıs informative, practical, well 
written, and illustrated by many simple line diagrams 
and photographs It makes a welcome and timely 
appearance, ın these days of such increased demand 
for better musical recording and reproduction Many 
enthusiasts want to assess the merits of this tech- 
nique and that, or to judge the quality of their 
equipment, or to improve ib, this book will help 
them COLIN CHERRY 
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OF SWARMING IN BEES 


By E F WOODS* 


HE honey bee ıs one of man’s two domesticated 

msects (the other bemg the silkworm), and has 
been cultivated before the dawn of history, principally 
for the production of honey The primitive method 
of beekeeping revolved around the instinct of bees to 
swarm Each colony produced by swarmmg 6-15 
new colonies, usually in spring, and those colonies 
were hived and allowed to build up m the summer, 
gathermg and stormg honey In the autumn, all but 
one of the colonies resultmg from one mother colony 
were destroyed, and the honey and wax harvested 
The remaming colony repeated the cycle next year 
This system 18 still ın use m some countries, such as 
Abyssima, Palestme, and India, but 1s rapidly falling 
mto disuse. 

In 1851, Langstroth, m the United States of 
America, mtroduced the movable-frame hive and 
found that, if swarming could be prevented, the 
quantity and quality of the honey were enormously 
improved But the difficulty lay m preventing swarm- 
ing, the bees’ natural method of reproduction, and 
for a century the only method known has been meticul- 
ously to examine all colonies at regular mtervals, and 
take appropriate action with those showing visible 
signs of an impending swarm, namely, queen cells 
This exammation ıs made on each colony every 9 
or 10 days from about mid-April to mid-July—about 
eight operations ın a season—and takes 5-10 mm 
for a skilled operator, who must be physically robust, 
since he has to lift the components of a hive weighing 
up to 60 Ib each The repeated disturbance to the 
bees seriously reduces the honey crop Moreover, 
since only about 3 per cent of the colonies show signs 
of swarming, 97 per cent of this work 1s wasted 
When ıt 1s realized that this system ıs applied to 
more than 10,000,000 colonies of bees throughout 
the world—more than 5,000,000 1n the United States 
alone—the tremendous waste of labour and honey 
becomes obvious This system ıs costly m labour 
(about £3 per colony per annum), and the loss of 
honey due to disturbance ıs also considerable, quite 
comparable m value with the actual outlay in labour 

My work on the analysis of the sounds of activity 
m the hive indicated that small variants of the 
normal sound could be identified which were indicative 
of abnormahty Certaim characteristic sounds in 
particular were found to be adequate criteria for, 
among other possibilities, the prediction of swarming 
A technique was therefore developed, and an mstru- 
ment designed and produced for monitoring the 
condition and behaviour of a colony with no disturb- 
ance to the bees whatsoever 

An analysis of the sound spectrum of a large 
healthy colony of bees, m three conditions, 1s given 
in Fig 1, curves I, II and III. These curves were 
obtained by two methods by selecting the wanted 
sound by means of a filter circuit and relating ıt 
by ear to a simular pure tone, attenuated, and by 
the use of a standard wave-analyser The two 
methods gave simular results, and the second was 
adopted, being much simpler and quicker As no 
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Fig 1 Ap mellifica, same colony July 7-8, 1959 
L2pm,harvesting, 11,24 m ,no flight, III, deprived of fliers 
and dequeened 


absolute standard 1s available, all sounds were related 
to the loudest, the flight noise 

Fig 1, curve I, represents the normal day-time 
spectrum A 18 the basic sound produced by the 
action of the spiracular valves on the inspired and 
expired air, varying for an individual bee m syn. 
chronism with the breathmg movements, but amount- 
mg en masse to a steady hum at 1805c [s B shows 
the fhght sound, with a frequency of 250 + le [s 
C and D are harmonics of A and B, merging at high 
frequencies ‘There 18 no supersonic component 

Fig 1, curve II, refers to the same colony after 
dark The general sound is weaker, and the flight 
component ıs missmg Curve III is from the same 
colony, deprived of fliers, and with the queen removed, 
the recordmg having been taken 3 hr after her 
removal The umportant component at 225-285 c [s 
will be noted, varymg somewhat in frequency, but 
not more than + 3 db in volume, which has built up 
steadily to a maximum It ıs almost a true warble 
technically so defined 

This warble 1s a consequence of the removal of the 
queen, and the time at which 16 appears varies with 
several factors (a) the smaller the colony the shorter 
the time and vice versa, (b) the busier the colony, 
the longer 1t takes to appear, (c) the presence of 
numerous nurses at certam times of the year shortens 
the period, (d) the period varies with different 
breeds of bee, the more ‘phlegmatic’ dark bees tending 
to have slower reactions 

The warble not only 1nereases m volume, building 
up relatively steadily to a peak, but its nature alsc 
changes For a typical time of 5 hr from removal of 
the queen to maximum sound, the process would be 
as follows. 

0-10 mn A faint, steady rise and fall in the 
frequency-range 225-285 c [s , made by the nurse bees 
mmediately attendant on the queen, probably those 
obtaming queen substance from her 
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10 mn -3 hr. A bubbly, jerky sound, in the same 
frequency-range, somewhat plamtive Tho bees act 
as if distressed, and are very subdued m behaviour 

3-5 hr The warble, still m the range quoted 
becomes more jerky and fierce The bees become 
irritable 

b hr The sound becomes a twangmg sound, and 
at this point the bees tend to become mtractable and 
fierce Queen cells appear 

After 5hr The warble disappears m a few minutes 
and 1s replaced by the ‘roar’, a sound of frequency 
180 + 2 c/s, varymg in volume by +20db The 
bees are now usually mtractable and vicious 

At any time during the warbling, the queen can be 
replaced with httle msk of loss, and at the peak, 
her acceptance by the colony ıs almost certam 
After the cessation of the warble, mtroduction of & 
queen 1s almost 1mpossible 

A large number of experiments over several years 
showed that the warble was produced by nurse bees. 
aged 43-6 days, and that ıt could be related very 
accurately to their mability to dispose of the royal 
jelly, automatically produced at this age This 
general explanation covered every observation of 
the occurrence of the warble at any season and m all 
conditions 

Partial slowing down of oviposition occurs during 
the ‘finng down’ of the queen im the pre-swarm 
period, giving rise to a progressively mereasing 
warble as more and more nurse bees are thrown out 
of work, but 1t has not hitherto been noticed, because 
not only is 16 very weak, but also the fliers which 
comprise the swarm, no longer stimulated to fly for 
harvest, remain in the colony and increase the normal 
sound. 

It therefore appeared that an mcreasing warble 
should be detectable from the start of swarm- 
preparation, and that a means of detectmg 1t might 
afford a means of predicting the onset of swarming 

It will, however, be obvious from the curves that 
this sound, at its very loudest, and with fliers removed, 
is 10 db below the general noise-level, and 1s never 
clearly audible to the unaided ear until the swarm 
has left the hive 

A filter amplifier circuit was therefore constructed, 
reducing all frequencies outside the range 255 + 30 
2 [s , and providing considerable amplification to the 
residue, and ıt was found that the warble was dis- 
unguishable as much as 25 days before the issue 
of the swarm, and clear and unmistakable about 
L5 days before swarming Thus with a suitable 
nstrument, the onset of swarmimg can be predicted 
» week or more before the visible signs—namely, 
queen cells—are laid down, and a fortnight before the 
ssue of the swarm 

A complication arises m that many, probably 
nost, colonies supersede a failmg queen at least once, 
the daughter mating and ovipositing before the mother 
s destroyed (by the bees) There is thus only a 
small decrease in egg production, but the progressive 
‘ailure of the old queen, reducing the supply of queen 
substance, has an effect sumilar to egg reduction, 
ind the nurses warble, a sound weaker but in no way 
lifferent from the pre-swarm warble It 1s, however, 
quite easy to determme which process 18 1n prospect 
(f a colony be disturbed, 16 produces a characteristic 
uss, and if the colony 18 1n breeding-balance, that 1s 
i» say, the eggs and young larva are fairly well 
xquated to the nursing potential, this 1s a short 
neious sound, lasting only tenths of a second before. 
»easmg To get this ‘shape’ of sound, the stimulus 
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(bottom) the duration grows to 10 sec or more and the power 
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must be short and apply to all bees a jerk on the 
hive suffices Ifthe number of eggs 1s fallmg relatively 
to the nursmg potential, the sound has the same 
character, but 1s reduced m peak volume and length- 
ened m time With a httle practice it 1s easy to dis- 
tinguish an meipient swarm from supersedure 

To permit the rehable assessment of the hiss— 
a random spectrum of sound from about 3,000 c /s 
upwards—a second filter was constructed The hiss 
was then amplified and presented to the ear m 
unmistakable volume Fig 2 illustrates the hiss 
cycle It should be noted that Fig 1 represents 
actual measurements on a typical colony, whereas 
Fig 21s diagrammatic 

Fig 3 shows the progress of a pre-swarm cycle 
The build up of warble can be regarded as typical, 
but ıt should be understood that ıt vames both m 
frequency, that is, ıt warbles, and also from instant to 
instant in volume The frequency excursion 18 now 
quite definite, from 225 to 285 c Js, but the mstan- 
taneous variation m volume seems to be unpredict- 
able However, the average volume rises steadily as 
shown (Fig 3) 

The practical utilization of these sounds requires 
an instrument which not only selects and amplifies 
them, but 1s also simple to operate, robust, cheap and 
weatherproof It must also be battery driven The 
recent development of transistors and ‘Ferroxcube’ 
inductors bas enabled these stringent requirements 
to be fulfilled ın an instrument patented under the 
name 'Apidietor', of which a number have been 
constructed and are m regular use 

Early models were portable, with a microphone on à 
probe, to be inserted in the entrance to the hive at the 
bottom of the brood-box This caused some distur- 
bance, the stingmg reaction, and also the mstrument 
was necessarily close to the flight sound. Both 
these sounds are in the warble frequency-range, and 
considerable skill was needed to distinguish the 
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top, with an internal screen of per- 
forated zinc, and plugged with a 
rubber bung This bung ıs removed 
and the microphone, mounted in an 
identical bung, plugged m This 
third plan also removes a disadvan- 
tage of the second, namely, the 
variability of microphones, especi- 
ally after some weeks m the hive 

Headphones, of the familiar 
































Fig 8 Swarm cycle 


warble Furthermore, the warble ‘radiates’ from the 
queen, which 1s usually at the top of the brood-box, 
away from the entrance 

Disturbance was eliminated, and the relative 
volume of the warble increased by placing a micro- 
phone permanently inside the hive at the top, but 
the adverse conditions of heat and humidity destroyed 
the (crystal) microphone fairly quickly, and the 
running cost of one microphone per hive per season 
Was excessive 

A scheme which has proved successful and econom1- 
eal utilizes a hole m the back of the brood-box at the 
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a stethophone pattern, are used as 


& detector, but later development 
may permit the use of a visual 
indicator, at an mereased cost An 
automatic alarm system is also 
possible for use 1n large centralized 
apiaries 

The ‘Apidictor’ was primarily 
visualized as a swarm predictor, 
for which 16 has obvious economic 
advantages, but it has a great 
range of other uses It removes 
almost completely the uncertamty 
of queen mtroduction and queen 
cell acceptance, 1t detects abnorm- 
ahties such as queen failure, that 18, 
drone breeding, and 15 enables an accurate check to be 
made of the health of the colony in wmter, even 
during heavy frost. 

I wish to acknowledge the enthusiastic and skilled 
co-operation of many friends, but particularly of 
Mr E F Birch of Hereford, who has been working 
with me since 1951, and of Mr C B Dennis of Har- 
row, who has co-operated with me for the past three 








years I also wish to thank Messrs Wayne Kerr 
Laboratories of Surrey, for invaluable technical 
assistance 
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SEARCHING FOR INTERSTELLAR COMMUNICATIONS 
By GIUSEPPE COCCONI* and PHILIP MORRISON 


Cornell University, Ithaca, New York 


O theories yet exist which enable a reliable 

estimate of the probabilities of (1) planet 
formation , (2) origin of life , (3) evolution of societies 
possessing advanced scientific capabilities In the 
absence of such theories, our environment suggests 
that stars of the mam sequence with a lifetime of 
many billions of years can possess planets, that of a 
small set of such planets two (Earth and very prob- 
ably Mars) support life, that life on one such planet 
meludes a society recently capable of considerable 
scientific mvestigation The lifetime of such societies 
iS not known, but ıt seems unwarranted to deny 
that among such societies some might mantan 
themselves for times very long compared to the time 
of human history, perhaps for times comparable with 
geological time It follows, then, that near some star 
rather hke the Sun there are civilzations with 
scientific interests and with technical possibilities 
much greater than those now available to us 


* Now on leave at CERN, Geneva 


+ Now on leave at the Imperial College of Science and Technol 
London,S W 7 ene 


To the bemgs of such a society, our Sun must 
appear as a likely site for the evolution of a new 
society It 1s highly probable that for a long time 
they will have been expocting the development of 
science near the Sun We shall assume that long ago 
they established a channel of communication that 
would one day become known to us, and that they 
look forward patiently to the answering signals from 
the Sun which would make known to them that a new 
society has entered the community of intelligence 
What sort of a channel would 1t be ? 


The Optimum Channel 


Interstellar communication across the galactic 
plasma without dispersion in direction and flight-time 
is practical, so far as we know, only with electro- 
magnetic waves 

Since the object of those who operate the source 
is to find a newly evolved society, we may presume 
«hat the channel used will be one that places a 
minimum burden of frequency and angular discrim1- 
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nation on the detector Moreover, the channel must 
not be highly attenuated in space or m the Earth's 
atmosphere Radio frequencies below ~1 Mc js , and 
all frequencies higher than molecular absorption. hnes 
near 30,000 Mc/s, up to cosmic-ray aw 

$8 
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If at the source a mirror 1s used J; metres m dia- 
meter, then the power required for ıt to generate m 
our detector a signal as large as the galactic back- 
ground 1s 


dW, X 





gamma energies, are suspect of absorption 
in planetary atmospheres The band- 
widths which seem physically possible 
in the near-visible or gamma-ray domams demand 
either very great power at the source or very com- 
plicated techniques The wide radio-band from, say, 
1 Me to 104 Me [s , remams as the rational choice 

In the radio region, the source must compete with 
two backgrounds (1) the emission of its own local 
star (we assume that the detector’s angular resolution 
1s unable to separate source from star smce the source 
1s hkely to he withm a second of are of 1ts nearby 
star), (2) the galactic emission along the hne of 
sight 

Let us examme the frequency dependence of these 
backgrounds A star similar to the quiet Sun would 
emit a power which produces at a distance R (m 
metres) a flux of 

10-4 /2/R? Wm ~%(e /s yi 

If this flux 1s detected by a mirror of diameter Ig 
the received power is the above flux multipled by 
la? = 

The more or less isotropic part of the galactic 
background yields a recerved power equal to 


TT) 3) (la? W (ejs)! 


where the first factor arises from the spectrum of the 
galactic contmuum, the second from the angular 
resolution, and the third from the area of the detector 
Thus a minimum in spurious background 1s defined 
by equating these two terms The mmimum hes at 


04 
fan a~ 10 G) c [s 


With R=10 hght years—10!7 m and /4—10?m 
fuan œ 10% cjs 
The source 1s likely to emit m the region of this broad 
munmmum 

At what frequency shall we look ? A long spectrum 
search for a weak signal of unknown frequency is diffi- 
cult But, Just in the most favoured radio region there 
hes a unique, objective standard of frequency, which 
must be known to every observer m the unrverse 
the outstanding radio emission line at 1,420 Me [s 
(A = 21 em) of neutral hydrogen It is reasonable 
to expect that sensitive receivers for this frequency 
will be made at an early stage of the development of 
radio-astronomy That would be the expectation of 
the operators of the assumed source, and the present 
state of terrestiial instruments indeed justafies the 
expectation Therefore we think ıb most promising 
to search m the neighbourhood of 1,420 Me [s 


Power Demands of the Source 


The galactic background around the 21-em line 
amounts to 
dW» 

dS dQ df 


for about two-thirds of the directions m the sky In 
the directions near the plane of the galaxy there is 
a background up to forty tomes higher TIt ıs thus 
economical to examine first those nearby stars which 
are in directions far from the galactic plane 


fj 10-915 Wm -*? ster- (e /s )71 
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For source and receiver with mirrors lke those at 
Jodrell Bank (1—80m ), and for a distance R~ 10 
light years, the power at the source required is 10? ? 
W (e /[s)?, which would tax our present technical 
possibilities However, if the size of the two murrors 
18 that of the telescope already planned by the U S 
Naval Research Laboratory ([—200 m ), the power 
needed 1s a factor of 40 lower, which would fall 
within even our limited capabilities 

We have assumed that the source 18 beaming 
towards all the sun-like stars i its galactic neigh- 
bourhood The support of, say, 100 different beams 
of the kind we have described does not seem an 
impossible burden on a society more advanced than 
our own (Upon detecting one signal, even we would 
quickly establish many search beams ) We can then 
hope to seo a beam toward us from any suttable 
Star withm some tens of hght years 


Signal Location and Band-Width 


In all directions outside the plane of the galaxy 
the 21-oem emussion hne does not emerge from the 
general background For stars m directions far from 
the galactic plane search should then be made around 
that wave-length However, the unknown Doppler 
shifts which arise from the motion of unseen planets 
suggest that the observed emussion might be shifted 
up or down from the natural co-moving atomic 
frequency by +~300 ke /s (+100km g-1) Closer to 
the galactic plane, where the 21-em Ime 1s strong, the 
source frequency would presumably move off to the 
wing of the natural lne background as observed from 
the direction of the Sun 

So far as the duration of the scannmg is concerned, 
the recerver band-width appears to be unimportant 
The usual radiometer relation for fluctuations in the 
background applies here, that 1s 


T* Jas 
B Afar 


where Afa is the band-width of the detector and + 
the time constant of the post-detection recording 


equipment On the other hand, the background 
accepted by the receiver is 
aw, Afa 
Bm GA d peel A 
df fa and + œ (AB)? 


If we set AB equal to some fixed value, then the 
search time T' required to examme the band F 
within which we postulated the signal to he 1s given 
by 
Fr F 
= o Ea, 
Afa (AB} 


independent of recerver band-width Afa 

Of course, the smaller the band-width chosen, the 
weaker the signal which can be detected, provided 
Afa>-Afs It looks reasonable for a first effort to 
choose a band-width Afa normal m 21 em practice, 
but an integration time + longer than usual A few 
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settings should cover the frequency range F usmg 
animtegration time of mmutes or hours 


Nature of the Signal and Possible Sources 


No guesswork here ıs as good as finding the signal 
We expect that the signal will be pulse-modulated 
with a speed not very fast or very slow compared to 
a second, on grounds of band-width and of rotations 
A message 1s hkely to continue for a time measured 
1n years, since no answer can return in any event for 
some ten years It will then repeat, from the begin- 
ning. Possibly ıt will contain different types of signals 
alternating throughout the years For mdisputable 
identification as an artificial signal, one signal might 
contain, for example, a sequence of small prime 
numbers of pulses, or simple arithmetical sums 

The first effort should be devoted to exammmg the 
closest hkely stars Among the stars withm 15 hght 
years, seven have lummosity and lifetime similar to 
those of our Sun Four of these lie in the directions 
of low background They are + Ceti, 0, Emdani, 
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e Eridam, and e Indi All these happen to have 
southern declinations Three others, « Centauri, 
70 Ophiucus and 61 Cygni, lie near the galactic plane 
and therefore stand agamst higher backgrounds 
There are about a hundred stars of the appropriate 
lummosity among the stars of known spectral type 
within some fifty light years All maim-sequence 
dwarfs between perhaps G0 and K2 with visual 
magnitudes less than about +6 are candidates 

The reader may seek to consign these speculations 
wholly to the domain of science-fiction We submit, 
rather, that the foregomg line of argument demon- 
strates that the presence of interstellar signals is 
entirely consistent with all we now know, and that if 
signals are present the means of detecting them 18 
now at hand Few wil deny the profound import- 
ance, practical and philosophical, which the detec- 
tion of mterstellar communications would have We 
therefore feel that a diseriminating search for signals 
deserves a considerable effort The probability of 
success 1s difficult to estimate , but if we never search, 
the chance of success 1s zero 


METABOLIC CHANGES INDUCED IN MAMMALIAN ERYTHROCYTES 
BY WHOLE-BODY X-IRRADIATION 


By Pror D. A RAPPOPORT and B. W. SEWELL 


Department of Biochemistry, Baylor University College of Medicine, Houston, Texas 


PPLICATION of X-rays and radium in medicine, 
after them discovery durmg 1895-96, estab- 
lished their effectiveness ın diagnosis and treatment 
of disease Only somewhat later were the lethal and 
injurious properties of these penetrating rays recog- 
nized! Since then, large groups of men have become 
exposed more frequently to man-made radiation 
These additional exposures to penetrating radiation 
have magnified the need for a rehable indicator of 
radiation-mduced tissue damage What js precisely 
needed is a simple and accurate imdicator which 
would correlate biological damage with the radiation 
dose! 

The requirements of an ideal biological radiation 
indicator are that (a) a tissue or tissue component 
should show changes over extended periods follow- 
ing whole-body irradiation , (b) this change can be 
quantitatively measured It 1s also important that 
tissue samples should be available for mtermittent 
samplmg without injury to the subject and without 
alteration m, the system under examimation 


Choice of Erythrocytes 


Certain generalizations can be used m considermg 
this problem ım order to mitiate a working hypo- 
thesis Tentatively ıt can be assumed that any 
radiation absorbed by cells will cause changes m the 
cell enzymes?, but that the detection of these changes 
18 dependent on (a) the sensitivity to radiation of a 
particular enzyme system under evaluation and 
(b) the degree of sensitivity of the analytical methods 
employed 

Implheit ın the above specifications 1s the fact that 
the tissue must be meapable of extensive mternal 
repair if ıt 18 to reflect any post-irradiation changes 


This immediately eliminates tissues with large popula- 
tions of mitotic cells and suggests erythrocytes as the 
tissue component of choice In man the erythrocyte 
has a life-span of 110-120 days’, m the rat this span 
is 49-55 days‘, m other mammals erythrocyte lıfe- 
spans are between these values’ Since mammalian 
erythrocytes are enucleated, no resyntheses of pro- 
tems can occur, and any radiation damage meurred 
on the enzyme-protems, such as denaturation or 
rupture of peptide linkage, should be detectable by 
changes m enzymic reactions This rationale suggests 
the erythrocyte enzymes for exammation as a test 
system. 

If the hypothesis 1s held that any absorbed radia- 
tion will affect enzymes in all cells, how 1s 16 that no 
enzymuc changes have been observed m erythrocytes 
after moderate whole-body irradiation? This may 
be explained on the basis that up to the present time 
few erythrocyte enzymes have been tested after 
radiation treatment Erythrocyte enzymology has 
now been more thoroughly explored? With the 
complete elucidation of glycolysis, the hexosemono- 
phosphate shunt, the transketolase and transaldolase 
enzymes, and nucleoside phosphorylase ın erythrocyte 
extracts, re-examination of the radiation effect on 
these enzyme systems 1s 1n order 


Nucleoside Metabolism 


Investigators concerned with the preservation of 
blood, have found that when mosine or adenosine is 
added to blood the integrity of the erythrocytes is 
maintained durmg storage and their survival follow- 
ing transfusion is improved? This was attributed 
ġo the resynthesis of metabolites essential for ery- 
throcyte integrity 
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Fig 1 Diagrammatic representation of the metabolic reactions 
of purine nucleosides in erythrocytes The enzymes involved 
are (1) nucleoside phosphorylase, (2) phosphoribomutase , 
(3) paosphoriboisomerase, (4) phosphoketopentoepimerase , 
(5) transketolase, (6) triosephosphate isomerase , (7) aldolase , 
(8) fructose diphosphatase, (9) phosphoglucoisomerase, (10) 
phosphoglucomutase, (11) triosephosphate dehydrogenase, 
(12) phosphoglyceric mutase 


The enzymes responsible for nucleoside metabolism 
within the erythrocyte are in the soluble portion of 
the cell The reactions which they catalyse are dia- 
grammatically illustrated m Fig Il First, the 
nucleoside in presence of phosphate 1s converted to 
ribose-1-phosphate and a purme base by a nucleoside 
phosphorylase? ^ Later, the pentose phosphate ıs 
transformed to a variety of phosphate esters via the 
actions of transketolase, transaldolase and the glyco- 
lytic enzymes® 

When considermg nucleoside metabolism in ery- 
throcytes as a system for evaluation of X-ray effects, 
tt can be assumed that 1f any enzyme among the group 
of interdependent reactions ıs whibited there will be 
an accumulation of substrate and a change m the yield 
Xf phosphate esters Complex multiple enzyme 
iystems, such as are involved ın erythrocyte meta- 
»olism of nucleosides, have certam disadvantages as 
well as advantages in studies of radiation effects 
[he disadvantage in such systems is that ıt may be 
hifficult to determme which particular enzyme was 
fected by the radiation However, the advantage 
n using a multiple enzyme system is that this 
nereases the opportunity of finding one or more 
mzymes sensitive to absorbed radiation 


Erythrocyte Turnover 


In the studies on the enzymic changes at prolonged 
»ost-irradiation intervals, tıme of residence of the 
zreulatang erythrocyte is a major factor for con- 
ideration This requires that the maximum post- 
rradiation time-mterval used for evaluation must be 
vithin the period when the irradiated erythrocyte 
»)pulation is not markedly altered ‘This can be 
'aleulated from the erythrocyte life-span 

Inbred strains of rats are convenient for radiolo- 
neal studies The ‘mean life-span’ of rat erythrocytes 
iS well as the ‘half-clearance time’ can be used to 
stimate changes m erythrocyte population The 
mean life-span’ of an erythrocyte 1s the avprage 
oterval of time any erythrocytes wil remam m 
areulation , ‘half-clearance time’ ıs that tıme- 
nterval at which 50 per cent of the circulating 
rythrocytes will disappear from circulation Belchere 
nd Harriss‘ have recently reported the ‘mean I:fe- 
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span’ of the rat erythrocyte as 49-55 days ‘The 
‘half-clearance time’ was determmed as 20 7+ 
2 5 days 

Smee these observations are based on the mean 
hfe-span and half-clearance time of erythrocytes m 
the normal rats, ıt 18 1mportant to know how these 
figures are altered ın X-irradiated rats Total-body 
X-irradiation of rats ın excess of 300r causes com- 
plete mactivation of marrow and stops the extrusion 
of erythrocytes mto circulation?® However, the 
life-span and half-clearance time of the circulatmg 
erythrocytes remain relatively the same as m the 
unirradiated | animals There ıs evidence that 
random (non-senescent) destruction of erythrocytes, 
which im the normal rat is approximately 0 48 per 
cent per day5*, is mcreased m the irradiated animals 
but the magnitude of this change 1s unknown! 

Recognizing the prolonged inactivation of marrow 
after an X-ray dose of 300r or higher, we see that 
the erythrocyte population will consist only of 
irradiated cells up to and even beyond a two-week 
period, since no new cells are extruded by marrow 
during this time However, due to mternal hæmor- 
thages and other undefined factors, random non- 
senescent loss of erythrocytes will be increased' 
This will cause a drop in the number of red cells, 
however, loss of plasma into tissue and dehydration 
due to vomiting and diarrhcea will tend to decrease 
plasma volume, hence there may be no net change 
m hematocrit values. 

The above discussion can be summarized by the 
conclusion that following total-body radiation with 
doses at and above 300r the erythrocyte population 
remains relatively undiluted and the hfe-span and 
half-clearance time remain approximately the same 
as m the unirradiated rat, with the exception that 
there is an mcreased random loss of erythrocytes 
which cannot be quantitatively evaluated at present 

It ıs tentatively concluded that the erythrocyte 
18 a promising tissue component as an mternal mam- 
malan X-ray indicator, smece (a) 1t has a wide 
variety of enzymes among which some may be 
sensitive to radiation , (b) 16 cannot replace altered 
enzyme-protems, (c) 1t has a long life-span even in 
irradiated anımals, (d) it ıs accessible for repeated 
sampling 
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Fig 2  Radioautogram of phosphate esters separated by two- 
dimensional paper chromatography, (1) ascending with ethyl- 
acetate, acetic acid and water ($ 3 1) and (2) descending with 
methyl ethyl ketone, methyl cellosolve, ammonia and water 
(7 2 07 28) <P, imorganic phosphate,  3PG, 3-phos- 
phoglycerate, R5P, ribose-b-phosphate, G6P, glucose-6-phos- 
phate, DPG, 2,8-diphosphoglycerate, X, unidentified ester, 
FDP, fructose diphosphate 
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POSTIRRADIATION TIME, HOURS 


Fig 8 Comparative utilization of guanosine and formation of 
phosphate esters by rat erythrocyte extracts from rats irradiated 
with 1,000 and 500 r X-rays, respectively 


The concepts discussed above were tested by 
measuring the changes m nucleoside metabolism by 
erythrocyte extracts from irradiated and unirradiated 
rats Our results established that followmg 1,000 r 
whole-body X-irradiation the utilization of purine 
nucleosides was markedly depressed up to 144 hr 
after mradistion Whole-body irradiation of 500r 
also depressed purme nucleoside metabolism for a 
period of 96 hr, when the metabolism began to m- 
crease and by 240 hr reached the level of substrate 
utilization by erythrocyte extracts from unirradiated 
controls These results establish that erythrocyte 
enzymes are affected by moderate whole-body radia- 
tion and that these changes are detectable over a 
period from one to two weeks after irradiation 


Experimental Results 


Erythrocytes from irradiated and unirradiated 
Sprague-Dawley rats were separated from white 
cells and plasma, lysed mm water dialysed overnight , 
extracts were then prepared by centrifugation These 
extracts were incubated for 2 hr im ns buffer at 
pH 7 4 with either guanosine mosme, or adenosine 
in the presence of morganic phosphate labelled with 
phosphorus-32 and magnesium chloride The detailed 
procedures and techniques will be described else- 
where’ After mcubation, the remaming purime 
nucleoside was analysed, total organic phosphate was 
determined, and the nature of the mdividual phos- 
phate esters formed was established by means of 
paper chromatography** 

The reactions studied in these incubations are 
represented schematically m Fig 1 and the phosphate 
esters actually formed from guanosine and labelled 
inorganic phosphate are shown by the radioautogram 
m Fg 2 ‘The same phosphate esters were also 
obtamed from ineubations of mosine and adenosine 
Enzyme activity of erythrocyte extracts from rats 
irradiated with 1,000r or 500r to the whole body 
were compared with extracts from unirradiated 
controls A decrease in substrate utilization and 
phosphate ester formation was observed The results 
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of these experments are illustrated in Figs 3, 
4 and 5 

Erythrocyte extracts from rats treated with 1,000 r. 
showed enhanced utilization of guanosine up to 
94hr after irradiation (Fig 3), but afterwards both 
guanosine utilization and phosphate ester formation 
decreased and at 96 hr reached a minimum value and 
remained at this level until the death of the animals in 
7-8 days Extracts from the rats treated with 500 r. 
showed a decrease m guanosine utilization in 24 hr 
after irradiation and this reduced enzyme activity 
continued until the ninety-srxth hour (Fig 3, these 
are similar to the results with the 1,000 r extracts) 
Afterwards, the utilization of guanosine increased 
agam and in 240hr the level of substrate utilization 
was equal to that of the controls Almost identical 
results were obtamed with imosine, as shown m 
Fig 4 However, utilization of mosine by erythrocyte 
extracts from 500r treated rats did not reach the 
level of mosme utilization by the controls until 
336 hr after wradiation Experiments with adenosine 
utilization showed results similar to those of mosine 


Significance of Results 


These experiments establish thát erythrocyte 
enzymes are affected by lethal (1,000r) and sub- 
lethal (500 r) whole-body X-irradiation Also the 
inhibitory effect of radiation persists for seven days 
or longer depending on the X-ray dose Smee the 
same enzymes are involved m the metabolism of 
guanosine, mosme or adenosme, one would expect 
radiation to mfluence these reactions 1n a similar way, 
as they did (Figs 3, 4 and 5) 

Although nucleoside metabolism by the erythrocyte 
extracts from rats treated with 1,000 r was mhibited 
durmg therr survival (7-8 days), the extracts from the 
tats treated with 500r X-rays showed a marked 
inhibition for the mitial mterval up to 7 days after 
radiation This was followed by the recovery oí 
enzyme activity by 7-10 or 14 days post-1rradiation 
This recovery of activity suggests that with 500r 
whole-body radiation the mhibition was not due tc 

















INOSINE 
UTILIZED 
+20 
| 1000 r 
o off 
NI — 
o 
a 
r 
z 
8 -20r 
a 
ul — 
E mi 
8 agi 141 1 1 4s 
a 
C 440r 
z 
2 1000 r [ 500 r 
L4 P3? ESTERS 
T 420 
z 
Q 
e 
* o 
z —À 
<a 
> 
z 
ü -20 ; 
1i r. 

2 Ke : 

-40 Jt 





4 1 LLL LBÉÁÉ—L LÀ J 
3 24 48 77 96 144 32448 96 168 240 336 


POSTIRRADIATION TIME, HOURS 
. 
Fig 4 Comparative utilization of inogine by rat erythrocyte 


extracts 


No 4690 September 19, 1959 
ADENOSINE 


+20 UTILIZED 


1000 r 500 r 














S o 

o 

č 

z 

o 

oe We 

a 

g AL 

w 

G -40 

[4 

€ 440r "V 

z 1000 r P32 ESTERS 500r 

= 

= 

z 

& +20 

z 

o 

E 

a o 

a 

«x 

" p 

Z ui 

wi .20 H 

a 

w 

a 
- 4 
493 24 48 7T 96 168 240 336 











Wo 
144 32448 96 
POSTIRRADIATION TIME, HOURS 


Fig 5 Comparative utilization of adenosine by 1at erythrocyte 
extracts 


wreversible protem damage, but probably to the 
oxidation of some essential sulphydryl groups to 
disulphides Since the erythrocytes contam gluta- 
thione, ib is likely that the disulphide groups were 
gradually reduced by the glutathione during the 
period of recovery of enzyme activity 

Although the radiation does affect the erythrocyte 
metabolism, how useful 1s this mformation m evaluat- 
ing erythrocyte metabolism as a biological radiation 
indicator ? Data from Figs 3, 4 and 5 also show that 
the degree of inhibition, particularly for guanosme 
and inosine metabolism (Figs 3 and 4), 1s appreciably 


THE CHEMISTRY 


VEN though clothing 1s one of the essential needs 
of human beings, ıb ıs only some fifty years since 

chemists and physicists, m their professional capacity, 
first began to give any serious thought to the subject, 
or even to the textile fabrics from which most clothes 
are made Almost everyone 1s, of course, mterested 
n the zstheties of clothing, and the fashion and style 
of garments often reflect the sprit of the times In 
she past half-century, however, quite outstanding 
orogress has been made, not only m providing new 
naterials for garments, but also m understanding more 
srecisely what ıs required of clothing to be worn 
inder various climatic conditions It was fitting, 
therefore, that at the York meetmg of the British 
Association one session of Section B (Chemistry) was 
levoted to a symposium entitled “The Chemistry of 
Jlothing”’ 

* Based on the following four papers presented at the York meeting 
f the British Association for the Advancement of Science 

"Physical Aspects of Clothing for Comfort”, by Mr W H Rees 
British. Cotton Industry Research Association) . 

“The Chemical Treatment of Apparel] Fabrics", by Prof € S 
Vhewell (professor of textile technology, University of Leeds) 

“Recent Advances in the Application of Cellulosic Man-Made Fibres 
o Clothing”, by Dr H A Thomas (Messrs Courtaulds, Ltd ) 

“The Use of Synthetic Hydrophobic Fibres in Clothing”, by Mr 


t B Thompson (Messrs Imperial Chemical Industries, Ltd , Fibre? 
Division) 
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greater at 48 hr after 1,000 r irradiation than after 
500r treatment Adenosme metabolism decreased 
in 24hr to a greater extent in the rats treated with 
1,000 r than m those receiving 500r The variations 
in erythrocyte activity described above followmg 
1,000r and 500r irradiation are only the initial 
observations Additional data will be necessary to 
establish the relationship between whole-body radia- 
tion dose and degree of enzyme inhibition in ery- 
throcyte extracts The present results suggest that the 
metabolism of nucleosides following radiation can 
serve as a gross biological mdicator This information 
may encourage other investigators to examune the 
erythrocyte metabolism in other species, particularly 
cancer patients requiring total-body radiation treat- 
ment, m order to ascertain whether X-ray induced 
inhibition of rat erythrocyte metabolism also occurs 
in other animals, as well as 1n man 

This research was supported by Army Contract 
DA-49-007~M D-428(SGO) 

We gratefully acknowledge the discussions and 
suggestions on the preparation of this manuscript 
to Dr C T Teng, Department of Radiology, and Dr 
F B Moreland, Department of Biochemistry, Baylor 
University College of Medicine 
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OF CLOTHING* 


The scope of the symposrum was rather wider than 
its title implied, for much of the woik which has 
been carried out 1s more accurately described as 
appled physics The principles on which the comfort 
and usefulness of clothing are based were discussed 
by Mr W H Rees of the British Cotton Industry 
Research Association He pointed out that in cold 
chmates clothing acts as an msulator, thereby reduc- 
ing heat lost from the body to a level which can be 
counterbalanced by body metabolism Since textile 
fibres are better conductors than aur, the greater the 
amount of air entrapped by a fabric the more effective 
wil 1t be as an msulator Rees indicated that only 
about 6 per cent of the volume of a blanket 1s occupied 
by fibres, the remamder bemg aw In more compact 
structures this volume of ar 18 reduced, but in most 
apparel fabrics 16 18 of the order of two-thirds — It is 
important that the entrapped air should be undis- 
turbed and, consequently, apparel fabrics for use in 
windy weather should be constructed so that the 
wind 1s kept out Agam, if the ar in the fabric is 
replaced by water, as n heavy rain, the efficiency of 
the fabric as an insulator will fall According to 
Rees, therefore, clothmg to be worn m wet, windy 
conditions should comprise “a wmdproof, waterproof 
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and vapour permeable outer garment and an ample 
supply of mnor garments having a large air content” 

Body heat 1s also lost by radiation m the far infra- 
red region All textiles, whatever their colour, are 
virtually black bodies, with high emussivities, at least 
ten times as great as that of a metallic surface To 
minimize radiation losses garments have, therefore, 
been lmed with alumimum foil The heat loss is 
markedly reduced, but if the layer of foil is con- 
tinuous, the fabric becomes harsh and unsatisfactory 
and is impermeable to water vapour By an m- 
gemous method of perforating the film, however, ıt 
has been possible to produce in the laboratories of 
the British Cotton Industry Research Association a 
fabric which has the usual textilo properties but which 
is extremely effective in cuttmg down losses by 
radiation 

In hot climates clothing must ieflect away solar 
radiation and assist m keeping the body cool by the 
evaporation of sweat Reflexion of radiation 1s 
clearly determuned partly by the colour of the 
fabric, lighter coloured materials bemg the more 
effective A white fabric will 1eflect away two-thirds 
of the meident radiation and a black one only about 
one-tenth Mr Rees has also examined the reflecting 
power of cotton fabrics dyed the same colour but 
with different types of dyes, and has found consider- 
able differences ın the mfra-ied This indicates that 
although the reflecting power for radiations in the 
visible region. are the same for all the fabrics, those in 
the mfra-red are different The chemical constitution 
of the dye ıs, therefore, important in determmung 
the reflecting power of dyed fabrics As would be 
expected, fabries coated with alummium foil are 
excellent reflectors, and 1f they are produced by the 
British Cotton Industry Research Association tech- 
nique ther textile properties are not impaired In 
addition to bemg good reflectors, hot weather garments 
should also assist in the evaporation of sweat, and 
those worn next to the skim should, therefore, be 
absorbent and of open structure 

Modern clothmg must have many characteristics 
other than that of bemg comfortable to wear. It 
must be xsthetically satisfymg and must often have 
specific properties such as bemg fireproof, lustrous, 
mothproof or waterproof In addition it must 
retain ıts appearance and essential properties during 
wear and after bemg washed or diy-cleaned The 
necessity for garments to retam their essential 
properties throughout them life 1s becommg icreas- 
ingly important and was stressed several times durmg 
the symposium. 

Although some garments are made from skins, 
leather, felt and plastics, most are made from knitted, 
woven or bonded textiles Fabrics available to the 
clothmg manufacturer may contam both natural 
and man-made fibres Garment manufacturing has 
been, however, largely based on natural fibre fabrics, 
put with the advent of man-made fibres, the resources 
of the clothmg designer have been greatly increased, 
for there 18 an ever-growing production of new fibres 
and fabrics with interesting and novel characteristics 

z was clearly not possible to discuss m the symposrum 
new developments in all types of synthetic fibres 
and attention was concentrated upon specific fibre 
types It must be stressed, however, that progress 
m the production of other fibres, for example, the 
acrylics, the polyolefines, and those based on fully 
acetylated cellulose, has been equally rapid The 
development of man-made fibres has made possible 
the production of fabrics and garments with per- 
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formance characteristics formerly considered to be 
unattamable Of particular mportance has been the 
production of fabrics which are hght m weight but 
yet aie strong and durable, and of fabrics which are 
easily washed and do not 1equne ironing to restore 
ther attractive appearance These developments 
have, of course, stimulated research m the treatment 
and modification of fabrics made from natural fibres 
so that these materials also can be given some of the 
attractive characteristics of fabrics made from the 
newer fibres 

The man-made fibres can be divided into twe 
gioups—those which absorb considerable amounts ol 
moisture, for example, viscose rayon, and those 
which do not, such as "Terylene' and nylon 

Older forms of viscose rayon had several defect: 
but now a wide range of improved regenerated 
cellulose fibres can be obtained It ıs well known 
that fibres made by the viscose process have a 
‘skm and core’ structure The ratio between the 
amounts of skm and core may, however, be alterec 
by controllmg the conditions of xanthation anc 
coagulation, and other desirable properties can be 
given to the filaments by stretchmg them im. 
mediately after they have been formed Some o! 
tke newer produets obtamed by such technique: 
have extremely mteresting properties For example, 
fibies composed entirely of ‘skm’ are exceptionally 
tough and resistant to abrasion wet or dry, bemg 
stronger than cotton when wet Filaments which are 
all core are obtamed by spinning into a solution oi 
ammonium sulphate and stretching the filaments by 
50-100 per cent These filaments are characterizec 
by high strength and low extensibility when wet anc 
aie useful for makmg fabrics which do not shrink 
or stretch when they are washed Moreover, by 
adjusting the spmning condrtions so that one side 
of the fibre has a thick skin and the other a thin skm 
asymmetric fibres are obtamed Because of the 
different swellmg properties of the two sides, these 
fibres are crimped, and even if the crimp ıs pullec 
out durmg processing ib will reappear on after. 
wards wetting the fibre Provided that appropriate 
stable pigments can be ground sufficiently finely 
to prevent blocking the holes in the spmnerets 
‘spun dyed’ fibres can be produced by almost any 
spinning process by mcorporatmg the pigment 1n the 
dope before ıt ıs extruded The spun-dyed viscose 
rayons have been found to have some unexpectec 
properties, for not only are the colours very fast tc 
repeated washing and to exposure to bright sunlight, 
but the dispersed pigments also protect the fibre from 
photodegradation and deterioration ın mdustrial 
atmospheres 

The mtioduction of the hydrophobic apparel fibres 
was a great step forward in textile science and 
technology As Mr A B Thompson pointed out, 
a good textile fibre must be soft without bemg too 
extensible, that is to say, ıt must be intermediate 
between a glass and a rubber It must be elastic 
rather than plastic, although a plastic state 1s needed 
to ensure a satisfactory response to ironing and 
pressing which are essential in garment makmg, and 
often for the subsequent care of apparel fabrics 
Natural fibres meet the latter requirements because 
they gan be made plastic by application of heat and 
moisture The hydrophobic fibres are much less 
affected by moisture and consequently retam ther 
elasticity during use, and to achieve the plastic state 
cheat is necessary In general, therefore, the elastic 
State required in use and the plastie state needed for 
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ironing, etc, are quite distinct This separation of 
the semi-flexible elastic state required m use from the 
more flexible plastic state needed for shaping and 
pressing enables garments made from the hydro- 
phobie fibres to retain their smart appearance duimg 
wear and to be pressed or creased permanently when 
required 

Each natural or man-made fibre has its own charac- 
teristics Many apparel fabrics are therefoio made 
from blends of different fibres, the blend bemg selected 
so that advantage 1s taken of the desirable properties 
of each of the components Of particular significance 
1$ the blendmg of hydrophobic and hydrophilic 
fibres to produce fabrics which are light, durable, and 
easily cared-for, but yet comfortable to wear 

Almost all fabrics are rmproved by suitable chemical 
treatment The changes brought about must, 
however, be ‘permanent’ Processes of this type were 
discussed by Prof C S Whewell, emphasis being laid 
on developments in the production of crease-resistant, 
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‘drip-dry’ and ‘mmimum-caie’ fabrics, the permanent 
pleating of wool fabrics, methods for obtaming 
textile fabrics which do not shrmk or expand when 
they are washed, and the production of fabrics 
which are permanently mothproof, fireproof and 
waterproof 

The four papers presented at the symposium formed 
a useful mdication of some of the important trends 
m the production of better apparel fabries and gar- 
ments The craft of the tailor and the cloth designer 
1$ now being supplemented by the skill and resources 
of the scientist This combined approach to the 
problems associated with clothing is comparatively 
new, but the success which has so far been achieved 
1s ample proof of the value of the collaboration The 
opportunities for research and development in this 
field are mdeed exciting Perhaps a future meeting 
of the British Association will be the occasion. 
on which the results and achievements will be 
discussed C S WnuzkwELL 


RESEARCH IN THE ANTARCTIC DURING 1960 


British. Programme 


HE Falkland Islands Dependencies Survey 
maintains a number of permanent scientific 

stations withm the Falkland Islands Dependencies 
sector of the Antarctic Many of these have been in 
continuous occupation since 1944 Durmg the Inter- 
national Geophysical Year they played ther part 
with the stations of other nations m the general 
co-ordinated plan At the end of 1958, the Royal 
Society station at Halley Bay was handed over to 
the Survey and will continue to work hke that of 
the other stations of the Falkland Islands Depen- 
dencies Survey, mto the mdefinite future 

The main geophysical stations are at the Argontme 
Islands and Halley Bay, the two bemg separated by 
about 1,000 miles At both, daily upper-air soundings 
will continue, as will the surface meteorological work 
which 1s common to all bases except Port Lockroy 
Fluxplates and solarimeters will be in use for the 
study of radiation balance, and both stations will 
continue ozone observations usmg the Dobson 
spectrophotometer 

The ionospheric work at Port Lockroy, only 40 
miles from the Argentine Islands, will contmue in 
operation, as will the recording of whistlers which 
forms a part of the programme initiated from Dart- 
mouth College, New Hampshue 

At Halley Bay the 10nospherie equipment was not 
in use last year but ıs to be brought mto commission 
again for 1960 On the other hand, ıt has been 
decided to abandon the seismological work there, 
but to contmue using the Willmore short-period 
seismographs at the Argentine Islands 

Because of the geomagnetic latitudes of the 
stations of the Falkland Islands Dependencies 
Survey, very few auroral displays are observed 
except at Halley Bay There an all-sky camora will 
continue m operation, and other studies include a 
small glaciological piogramme, observations of sea 
ice growth and of the measurements of marme 
currents 

In the commg year an attempt will be made to 
recover cosmic spherules falling on the ice sheet, 


and also to obtain samples from deep within the 106 
Since there can be no dilution by other sedimentary 
materials, i5 may prove possible to determine a rate 
of deposition for this cosmic material 

The other bases extend from South Georgia, where 
there is a purely meteorological station, through the 
South Orkneys and the South Shetlands along the 
coast of Graham Land to about lat 68° S All are 
manned throughout the year, the number of men 
varying between five and eighteen Durmg the 
summer, work 1s to be carried out from the ships 
operating m the area These will be RRS John 
Biscoe, RRS Shackleton, HMS Protector and 
the Danish vessel Kzsta Dan, chartered for the 
season 

John Bwcoe will be committed almost entirely to 
relef and re-stormg the bases, but ıb 18 hoped to 
operate a wave-reeorder on board to investigate the 
damping effect of pack ice This ıs not only of 
academic mmterest, but will also be valuable when 
forecasting the break-up of the sea ice All bases 
maintain constant sea 1ce observations which already 
provide a background upon which seasonal prob- 
abihty charts are bemg built up If the protective 
effect of large areas of drifting pack can be assess- 
ed, ice forecasts for shippmg will be materially 
assisted 

Shackleton will be extending hydrographic surveys 
along the west coast of Graham Land and around 
the South Shetland Islands In addition, she has 
been fitted to tow a proton resonance magnetometer 
so that mvestigation of the Scotia Arc can be begun 
This work will te up with the magnetic traverses 
already in progress from Hope Bay m tho Trinity 
Peninsula area A Worden gravimeter will also be 
carried and put ashore for gravity observations at as 
many pomts as possible 

HMS Protector carries helicopters and these will 
be used to extend the tellurometer survey where 
the landing of men and instruments cannot be made 
in any other way 

The task of the Kista Dan is to re-establish the 
southernmost base on Stonington Island, which had 
to be evacuated last year because of bad ice con- 
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ditions She will be carrying two ancraft which can 
be used for the transport of men and material, but 
if the ship 1s held up by bad 1ce conditions their first 
task will be to re-supply the base Then reconnais- 
sance flights are to be made southward to select a 
site for a field hut which will be flown m at the ond 
of the season Both aircraft will winter at the base 
and can therefore support field parties makmg topo- 
graphical and geological surveys in the remoter 
regions durmg the early part of the 1960-61 season 
Tho Beaver aircraft is fitted with a Wilhamson 
vertical camera so that photographic cover can be 
obtamed over the more maccessible areas 

Geological and topographic surveys will also con- 
tinue from a number of other stations and, ın addition 
to the glaciological programme at Halley Bay, 
glaciologists will be working from Hope Bay, 
Admiralty Bay and King George Island 

In the coming year biological work will have less 
emphasis than m some years, but the marking and 
population counts of fur seals and elephant seals will 
continue A small project concerned with soil ecology 
ig to begin at Signy Island Also at Halley Bay, 
where there 1s a rookery of 10,000 emperor penguins, 
a biologist has been appointed to contmue the study 
of the species In particular, an exammation of the 
endoermology of the bird and a further collection of 
embryological material will be made 

In each southern summer, ice conditions are 
different, and it 1s this which often hmders the 
planned programme Last year was a bad year, 
this year we hope for better thmgs, but m any event 
1t 18 certam that the only way to succeed 1s to keep 
up the pressure and be ready to take advantage of 
any relaxation which Nature may afford 

Vivian Fucus 


NEWS an 


The Third Russian Space Rocket 


A MULTI-STAGE space rocket was launched in the 
USSR at about 02h ut on October 4 When the 
last stage, weighing 1,553 kgm (3,424 lb ) without 
fuel, had reached a speed slightly less than escape 
speed from the Earth, an instrumented vehicle 
weighing 278 5 kgm (614 lb) separated from it 
This vehicle entered an elongated elliptic orbit which 
took ıt into the viemuty of the Moon Its nearest 
approach to the Moon occurred at I4h 16m UT on 
October 6, when ıt was about 7,000 km (4,300 miles) 
from the surface of the Moon, at selenographie longi- 
tude 137° W and latitude 12? S After leaving the 
vicinty of the Moon, the vehicle entered a new 
elliptic orbit about the Earth, with an apogee distance 
of 470,000 km (292,000 mules) from the surface of 
the Earth, attamed at about 00h u'r on October 11, 
and a perigee distance of 40,000 km (25,000 mules), 
attained at about 17h vu T on October 18 The orbit 
is inclined at about 75° to the Earth's equator and 
the period of revolution is about 15 4 days The 
vehicle has been designated Harth-satellite 1959 0 
Tho orbit of the spent rocket is not known The 
mstrumented vehicle, which the Russians have 
referred to as an ‘automatic interplanetary station", 
carried apparatus to photograph the part of the 
Moon which 1s never seen from the Earth, and also 
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American Programme 


A srATEMENT released by the National Science 
Foundation gives details of grants for scientific 
mvestigations ether m or associated with Antarctic 
regions Logistic support will agam. be the 1espons- 
ibilty of a US Navy support force under Rear 
Admiral David M Tyree, who has recently taken 
over from Rear Admural George J Dufek The 
grants total 3,170,069 dollars, of which approximately 
one-third goes to support the meteorological pro- 
gramme and one-quarter to glaciological projects 
Greater emphasis than. formerly 1s placed on geology, 
cartography and biology, which 1s m accord with 
the recommendations of the Special Committee on 
Antarctic Research of the International Council of 
Scientific Unions 

Among new projects mentioned are a United 
States scientific expedition to the Belhnghausen Sea 
which will include specialists ın biology, geology, 
cartography and oceanography 

The International Geophysical Year pattern of 
over-snow traverse operations will be continued m 
Marie Byrd Land and Victoria Land Biological 
mvestigations on the ecology of the Ross Sea area 
and on land invertebrates of the McMurdo Sound 
and Hallett areas will be helped by the recently estab- 
lished US Antarctic Biological Research Laboratory 
at McMurdo 

The investigations wil be spread over seven 
Antarctic stations of which three are fully and one 
jomtly under the direction of the United States 
Co-operation with other countries m these mvesti- 
gations m both scientific and logistic spheres has 
been a notable feature of the US Antarctic effort, 
and this appears likely to continue 
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apparently performed other scientific experments, 
of which details have not yet been given The vehicle 
had radio transmitters operating on 39 986 Me /s 
and 183 6 Mc /s, the power bemg supplied partly by 
chemical and partly by solar batteries 


Research Association of British Paint, Colour and 
Varnish Manufacturers Dr L.A Jordan, CBE 


Dr Louris ARNOLD JORDAN, the founder-director 
of the Research Association of British Paint, Colour 
and Varnish Manufacturers, has relinquished his 
appomtment after thirty-three years The Pamt 
Reseaich Station at Teddington, at present bemg 
further extended, stands 1n testrmony to his achieve- 
ment Educated at Alderman Newton’s Greencoat 
Foundation School, Leicester, he proceeded as a Royal 
scholar ın 1910 to the Royal College of Science, where 
he was Tyndall prize-man in physics and Frank 
Hatton prize-man in chemistry He received the 
DSe (London) m 1921 Durmg the First World 
War he was concerned with explosives, and certam 
‘gas’ problems, thence to Boots Pure Drug Co, 
Ltd, and later to the British Xylomte Co , Ltd, to 
start an investigation which resulted in the estab- 
lishment of the British synthetic camphor mdustry 
From 1923 until the establishment of the Pamt 
Research Association m 1926 he was scientific adviser 
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to the State of Bhopal, Central India He returned 
to India m. 1955 at the mvitation of the Government 
of India to inquire into matters touchmg the develop- 
ment of the lac mdustries In fact, he is widely 
travelled (another recent journey havmg been to 
Brazil to advise on organized research in paint and 
related matters) and is well known internationally, 
for example, through his work for the Organic 
Coatings Division. of the Apphed Chemistry Section 
of the International Union of Pure and Apphed 
Chemistry 

Dr Jordan has given extensive service to the 
Oil and Colour Chemists Association (he was president 
durmg 1947-49) and to numerous other scientific 
and technical organizations He was chairman 
of the council of the Society of Chemical Industry 
durmg 1952-53 and medallist of the Society in 1953 
As one of the Jubilee Memorial lecturers of the 
Society (1944) he chose as his subject “Pamt, the 
Art and Science", reflecting his mterest ın the artistic 
as well as m the mdustrial and scientific aspects of 
paint and pamtmg, an mterest culminating in 1958 
m his appomtment as professor of chemistry at the 
Royal Academy of Arts His work for technical 
education stands high m achievement and personal 
satisfaction He has for long been chairman of the 
City and Guilds Advisory Committee on Paint Tech- 
nology, and his period as a Surrey county councillor 
(1946-58) provided opportunities for contributions m. 
a wider field of technical studies He 1s now chairman 
of the governors of the Kingston Technical College, a 
governor of the Brunel College of Technology, and a 
member of the Regional Advisory Council for Tech- 
nological Education for London and the Home 
Counties Region He has recently been appointed to 
the senate of the University of London 


Botany at Hull Prof R D'O Good 


Pror Ronatp Goop, who has retired from the 
chair of botany m the University of Hull, was head 
of the Department of Botany from the foundation 
of the University College ın 1928 After serving m 
the First World War, followed by a brilliant period at 
Downing College, Cambridge, he held an appomtment 
at the British Museum (Natural History) At Hull he 
had much to do with the orgamzation and equipment of 
his department, as well as teaching, but he has also 
been active as a researcher and writer His book on 
the “Geography of the Flowering Plants” has had a 
wide circulation and 18 regarded as one of the chief 
works on the subject, while his "Handbook of the 
Dorset Flora" ıs an outstandmg ecological study 


Prof N F Robertson 


Dr N F RosERTSON, who has succeeded Prof 
Good, has been on the staff of the Cambridge Botany 
School smce 1948 His interest ın mycology was 
first aroused by Dr Malcolm Wilson at the University 
of Edmburgh After graduating there in 1944, Dr 
Robertson was appointed a Colomal Offico proba- 
tioner and studied at the University of Cambridge, 
at Rothamsted Experimental Station and m the 
United States before proceeding to the West African 
Cacao Research Institute at Tafo late m 1946 He 
worked there, ın collaboration with Dr A F Posnette, 
on insect transmission of the swollen shoot Giseaso 
Dr Robertson’s first research problem at Cambridge 
was concerned with mycorrhizal infection of the Scots 
pme, and he made a notable contribution to the 
subject by showing that the behaviour of the mycor- 
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rhizal fungus was closely related to that of the 
specialized root disease fungi affectmg tree crops 
More recently, Dr Robertson has turned his attention 
to the physiology of fungal bianch systems in culture, 
and has made what may eventually prove to be the 
first experimental approach to the morphogenesis of 
asexual spore production With his research students, 
Dr Robertson has explored a much wider field, 
rangmg from the physiology and genetics of the 
Fusaria m laboratory experiments to the behaviow 
of Fusarium wilt diseases and potato blight in the 
field The University of Hull is doubly fortunate 
m securmg Dr Robertson as professor of botany, 
because he has distmguished himself at Cambridge 
not only by his research but also as a teacher, and 
by the full share he has taken in other duties m the 
Department of Botany, where he will be greatly 
missed 


The World Veterinary Association 
Prof W.| B Beveridge 


Ar the recent Inteinat:onal Veterinary Congress m. 
Madnd a World Veterinary Association was estab- 
lished The mam purposes of the Association are to 
umfy the vetermary profession throughout the world 
by providing a cential hnk for national veterinary 
associations, and the exchange of mformation on 
matters of vetermary interest The organs of the 
Association are the congress and the permanent 
commiuttee 

Piof W I B Beveridge, professor of animal 
pathology, University of Cambridge, has been elected 
president of the Permanent Committee of the newly 
founded World Vetermary Association He has had 
a distmguished career as a vetermanan who gave 
outstandmg service to his profession m Australia and. 
in the United Kingdom After graduating at the Un1- 
veisity of Sydney, he was a member of the research 
staff of the McMaster Animal Health Laboratory 
in Sydney during 1931-41 Durmg two years of 
that tune he was the holder of a Commonwealth 
Fund Fellowship at the Rockefeller Institute, Prmce- 
ton, and the Bureau of Anmal Industry, Washington 
From 1941 until his appomtment as professor of 
animal pathology m Cambridge he worked at the 
Walter and Ehza Hall Institute m Melbourne 
Together with Su Macfarlane Burnet he worked on 
viral diseases m man and published several out- 
standing papers concerning cultivation of viruses In 
Cambiidge, Prof Beveridge’s researches are mamly 
concerned with viral diseases of respiratory systems 
in ammals Unfortunately, his scientific work there 
was very much interrupted by administrative duties 
associated with the establishment of the new 
Vetermary School which was opened by HM the 
Queen and the Duke of Edinburgh m October 1955 
He ıs the author of the book, “The Art of Scientific 
Investigation’? Both on account of his outstandmg 
reputation and his interest in international co-opera- 
tion, he will be a most welcome president of the 
newly founded World Veterinary Association 


Amendments to the US Atomic Energy Act 

In a report by the United States Atomic Energy 
Commission (The Indemnification of Atomic Energy 
Activities and Operations of Advisory Commuttee on 
Reactor Safeguards, 1958-59 Report of the Jomt 
Commuttee on Atomic Energy on Operations under 
Section 170 of the Atomic Energy Act of 1954 as 
Amended Pp +74 Washington, DC United 
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States Atomic Energy Commussion, 1959), details are 
given of the proposed regulations approving the form 
of nuclear energy lability msurance policies and 
Commission 1ndemnity agreements Amendments to 
the mdemnity proposals of the Atomic Energy Act, 
1954, which 16 1s proposed to submit to Congress, 
exclude lability for damage to property located at 
the site of, or used m connexion with, the licensed 
activity, and would authorize the Commission. to fill 
a gap for a sufficient period of time in which to give 
the licensee reasonable opportumty to furnish the 
required protection The Commussion is also studying 
the possible gaps resulting fiom the ‘common occur- 
rence’ provision, and has entered into a contract for 
a study of criticality hazards as part of its con- 
tmumg study of the problem of oxtending indemnity 
to materials licensees As regards foreign hability 
problems, the efforts of the Commission have been 
directed primarily to encouragement and support of 
the efforts of other governments to enact their own 
legislation and effect mternational arrangemonts 


Scientific Staff in New Zealand 


DurRinc tho past twelve months, six officers of the 
Ruakura Animal Research Station m New Zealand 
have resigned to accept posts m Australia All have 
received an mcrease of salary of £4500 to £A1,000 on 
taking up ther new posts The maxima attached to 
ther new position m Austiala 1s, in all cases, about 
twice that offered for the positions they vacated m 
New Zealand Another 25 individuals have resigned 
from Government laboratories or science departments 
of New Zealand universities durmg the past three 
years to accept overseas posts, mainly in Austraha 
This figure does not include graduates 1n science who 
have gone overseas for advanced trammg 

Both Government departments and the universities 
experience great difficulty ın replacing the losses of 
scientific staff with persons of the desired quality 
The Soil Bureau of the Department of Scientific and 
Industrial Research has been seeking pedologists for 
some time without success, and advertisements for 
mycologists, entomologists, mathematicians and 
physiologists have failed to attract any applicants or 
appheants of the desired qualifications and calibre 
Whereas five years ago there were usually a number 
of highly qualified applicants for each vacancy from 
which selection could be made, the position has 
changed so that to-day only one or two such apph- 
cants and sometimes none at all apply for advertised 
positions 


Scientific Research in British Universities 


*"SorgwmcrEIC Research ım British Universities, 
1958-59”, based, as in previous years, on material 
collected by the British Council from heads of 
departments of the universities, who are alone 
responsible for the entries, now runs to 446 pages 
(pp xu--446 London HM Stationery Office, 
1959 25s net) These brief notes on scientific 
research im progress durmg the 1958-59 session 
indicate the nature of the projects m sufficient detail 
to show the scope of the research Entries are 
arranged in alphabetical order of university or 
university college, and under each institution the 
arrangement is alphabetically by subject The head 
of the department 1s named, with those permanent 
members of staff actually engaged in supervismg 
research There are alphabetical name and subject 
indexes 
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Registration of Scientific and Technical Persons, 1958 


Fresu and renewed registrations for all professional 
classes covered by the Technical and Scientific 
Register of the Mimstry of Labour, with the excep- 
tion of mathematicians and physicists, steadily in- 
creased durmg 1958, according to the Mimistry’s 
annual report At the end of December, registrations, 
including those seeking a change as well as those 
employed, were 29 per cent higher than m December 
1957, a significant part of the inorease comprising 
registrations of men m the middle age groups seekmg 
better positions before ago restricted ther prospects 
and from ox-regular members of the Forces who had 
retized or anticipated premature retuement At 
December 8, 1958, of 4,556 on the register, compared 
with 3,538 in 1957, 1,326 were unemployed Pre- 
mature rotnements from the Services reached a peak 
durmg the year, but the Regular Forces Resettlement 
Service, set up by the Mimstiy, received. encouraging 
support from industry and commerce, and there was 
no significant merease at the end of the year in the 
number of such applicants unemployed The report 
also directs attention to the establishment in July 
1958 by the British Employers’ Confederation, the 
Trades Union Congress and the boards of the nation- 
ahzed mdustries, of the Industrial Traming Council 
m accordance with the recommendation of the 
Carr Committee This Council has undertaken as 
its irst task the encouragement of industry generally 
to take advantage of the opportunities provided by 
the ‘bulge’ of school-leavers to expand apprentice- 
ship schemes and other forms of trammg Thirty-two 
appomtments were made to the general factory 
mspectorate, and with five applicants awaiting 
appointment, the number of vacancies at the end of 
the year was nine Five additional appomtments were 
made to the Engmeermg and Chemical Branches of 
the mspectorate On the advice of the National 
Advisory Committee on the Employment of Older 
Men and Women, the Ministry 1s discussmg with the 
Department of Scientific and Industrial Research and 
the Medical Research Council arrangements to ensure 
co-operation between the Ministry, mdustry and 
research organizations and to stumulate research into 
problems of employment of older workers 


Rudber Research 


Tur twenty-second “Annual Report on the Pro- 
gress of Rubber Technology” covers the progress of 
rubber technology durmg the year 1958 (edited by 
Dr T J Drakeley Pp x+125+xun Cambridge 
W Heffer and Sons, Ltd, 1950 Published for the 
Institution of the Rubber Industry) The report 
contams twenty-thiee sections, by different con- 
tributors, covering all aspects of the technology of 
rubber-hke materials, both natural and synthetic, 
rangmg from surgical goods to the use of rubber m 
roads The report also mcludes sections on historical 
and economic aspects, plantzmg and production of 
natural rubber, fibres and fabrics used ın conjunction 
with rubber, compoundmg ingredients and, for the 
first time, a separate section on the manufacture of 
synthetic rubbers The introduction of this latter 
section 1s timely since 1958 saw the opening in Italy, 
Germany and the United Kingdom of the first major 
European plants for the production of general-purpose 
synthetic rubber Synthetic elastomers are now 
firmly established as a large and important part of 
the rubber mdustry Already approximately 65 per 
cent of American new-rubber consumption consists 
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of synthetics , the correspondmg figure for the rest 
of the world (excludmg Communist countries) 1s 
25 per cent, but this 1s hkely to mcrease with the 
opening of the new plants The year does not appear 
to have produced any outstandmg new technical 
developments but rather a steady mmpiovement of 
materials and techniques The report contams more 
than one thousand references to scientific and tech- 
nical publications, although, as is inevitable in a 
work of this kind, there 1s some overlapping from 
section to section 


Aerial Photographic Exhibition of Quarries and 
Mines 


A SPECIAL exhibition of aerial photographs of 
quarries and mines opened at the Geological Museum, 
Exhibition Road, London, SW 7, on October 15 
Admussion ıs free The exhibition will remain. open 
for several months The photographs show past and 
present suiface aspects and effects of quarrymg and 
muning m the United Kingdom, and illustrate the 
great variety of useful rocks and mmerals found in 
Britam All the photographs are from the Cambridge 
University Collection, an extensive library of air 
photographs specially selected to meet needs of 
teachmg andiesearch They have been taken durmg 
recent years by Dr J K 8 St Joseph, curator in 
aerial photography at Cambridge, from aircraft of 
the Royal Am Force on traming flights 


Petroleum Industry in Great Britain 


Tux Petroleum Information Bureau has published 
under the title “U K Petroleum Industry Statistics 
relating to Consumption and Refinery Production, 
1957 and 1958" (Pp 10 London Petroleum 
Information Bureau, 1959) figures covermg all 
petroleum products, whether imported or from 
indigenous sources, as well as substitutes such as 
benzole and hydrogenated spirits Refinery produc- 
tion figures do not count further treatment of finished 
products for special grades The figures relate to 
1957 and 1958, m which deliveries and consumption 
of petroleum products totalled 24,784,586 tons and 
31,065,629 tons, respectively 


New Journal of Glass Technology 


Momm and more problems ın the physics and 
chemistry of glasses are bemg investigated m labora- 
tories all over the world At present the results are 
published ın many non-specialized journals and the 
irme has come to provide & vehicle for these papers 
The Society of Glass Technology has therefore decided 
that from February 1960 1ts Journal should be pub- 
hshed m two parts These will be called Glass Tech- 
nology and Physics and Chemistry of Glasses Both 
journals will contam papers, abstracts, communica- 
tions to the editor and book reviews Arrangements 
are bemg made with the Abstracting Board of the 
International Council of Scientific Unions to ensure 
that papers published in these new journals will be 
abstracted as widely as possible and also that the 
abstract sections will be comprehensive Glass 
Technology will contain reports of applied science in. 
the glass mdustry, and subjects considered suitable 
include control of batch compositions , corrosion 
of refractories, design, operation and performance 
of furnaces, methods of chemical and physical 
testing , meltmg processes, statistical analysis of 
industrial experrmentation In Physics and Chemastry 
of Glasses will be published reports of original studies 
of the physics and chemistry of glasses, both experi- 
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mental and theoretical Possible subjects include 

electrical properties , infra-red absorption, relaxa- 
tion processes , thermodynamics of the glassy state , 
viscosity , X-ray diffiaction Copies of the Society’s 
notes for authors are available fiom Prof R W 
Douglas, Society of Glass Technology, Thornton, 
Hallam Gate Road, Sheffield 10 


Plant Nematology 

It ıs now recognized that eelworm diseases are 
among the most mmportant problems m plant health 
and there has been a rapid merease in the study of 
plant parasitic nematodes in all countries where the 
growing of plants has become an organized industry 
Unfortunately, there 1s a shortage of trained specialists 
in nematology and of introductory hterature on the 
subject The Ministry of Agriculture’s new Technical 
Bulletm No 7 (Pp vwu+175+12 plates London 
HM Stationery Office, 1959 9s 6d net) pro- 
vides a general introduction and is based on the 
lectures given at a special traming course held at the 
National Agricultural Advisory Service regional 
headquarters, Bristol, m 1956 It also reviews the 
more important nematode problems m  Biitish 
agriculture and is in parv designed as a companion 
volume to Technical Bulletin No 2 (Laboratory 
Methods for Work with Plant and Soil Nematodes) 
Although primarily designed for nematologists ıb 
should also be of mterest to agricultural entomol- 
ogists, plant pathologists and others who have to 
advise on eelworm problems and also to students and 
teachers of zoology, aguiculture and parasitology It 
contains 21 articles by research and advisory workers, 
arranged in six main sections covering the general 
structure and classification of nematodes, the more 
nmnportant genera, several practical and research 
problems with cyst-formmg eelworms, control and 
cultural studies 


Sea Fisheries Research tn East Africa 


THe annual report for 1958 of the East African 
Marme Fisheries Research Organization (pp 20 
Nairobi Government Prmter, 1959 4s) ıs one 
that reflects great credit on the small staff at 
Zanzibar Research on the fish and fish-stocks of 
the Indian Ocean, first at Mauritius and now at 
Zanzibar, has been the post-war concern of the 
director, Dr R H Wheeler, and ıt 1s good to learn 
from him that the phase durmg which 16 has been of 
first necessity to identify species 1s passmg In spite 
of the need to do systematic work, Dr Wheeler, 
operating from Mauritius with a small converted 
fishing vessel had already discovered a large and 
potentially rewarding line fishery ın the neighbour- 
hood of Seychelles Banks The same vessel was 
transferred to Zanzibar, but durmg 1957 ıb was 
replaced by a large and more serviceable trawler, 
the Mamhne Among other tasks assigned to 
Mamhmne was floating long-hne fishing for yellow-fin 
tuna and striped marlin Using seven miles of Ime 
and two hundred and fifty hooks on or below the 
thermocline at 50-70 fathoms, heavy catches were 
made These results are most encouraging for all 
those who wish to see the Colonies, Dependencies 
and emerging Commonwealth countries of Africa 
break mto the oceanic resources of pelagic fish now 
so largely m the hands of the Japanese 


Translocation of Amino-Acids 


THe translocation of carbon-14-labelled ammo- 
acids and amides m the stems of young soyabean 
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plants has been investigated by C D Nelson and 
P R Gorham (Canadian J Bot, 37, 3, 431 (1959)) 
with the following results In all, the translocation 
of each of seven amimo-acids and three amides was 
measured for periods of 5 mmutes or less after mtro- 
duction through the cut petiole of a primary leaf 
The compounds used were asparagme, urea, glutamic 
acid, glutamme, glyeme, norleucine, arginine, serine, 
alanme and aspartic acid Durmg the short times 
of these experiments ıt was found that each com- 
pound was translocated downwards as such The 
amount of carbon-14 ın the stem decreased logarith- 
mucally from the point of mtroduction Each com- 
pound was translocated with unchanged velocity 
past a short section of stem killed with steam 
There was no translocation of aspartic acid through 
a stem that had an entire internode killed with steam 
Potassium cyanide (10—* M) did not inhibit the velo- 
eity of translocation of any of the compounds although 
the logarithmic pattern of distribution of argimine 
was altered The mmnimum velocity of translocation 
was different for each compound and varied between 
350 cm per hr for asparagine and 1400 cm per hr 
for aspartic acid The authors have also reported on 
the physiological control of the distribution of these 
substances (Canadian J Bot, 37, 3, 439 (1959)) 
From the pomt of introduction, translocation of each 
amuno-aeid or amide was mainly downward towards 
the root, very little was translocated upward 
Both excision of the roots and chillmg decreased 
the velocity of downward translocation of aspartic 
acid, mdicatmg that the roots exert a strong ‘demand’ 
which favours translocation m a downward direc- 
tion more than an upward direction m. the stem 


Volcanic Activity on the Moon 


In a brief article, N A Kozyrev (Piiroda, 3, 84, 
1959) deseribes his observations of the Moon since 
1955 and provides a critical exammation of the 
records of the Alphonse crater on November 3, 1958 
In his opinion the spectrographic evidence suggests 
strongly that an eruption of volcanic ash did take 
place on that date on the Moon This eruption was 
followed by the emussion of gases contaimmg OC, 
molecules 


Astronomische Gesellschaft Star Catalogues 


BETWEEN 1868 and 1908 the Astronomische Gesell- 
schaft organized the production of a catalogue of all 
the stars brighter than the nmth magnitude in the 
northern sky A dozen observatories shared in this 
work, the observations bemg made visually usmg 
meridian circles It was later decided to repeat the 
whole programme photographically, and new observa- 
tions were obtained during the years 1928-32 The 
Hamburg Observatory photographed the sky north 
of +20° declmation, the Bonn Observatory that from 
+20° to —2° Observations of 14,000 reference stars 
were made at several observatories The measure- 
ment of the photographs and the reduction of tho 
measures have been in progress since 1932, and pub- 
lication of the results began ın 19681 The results are 
contained in a fifteen-volume catalogue, and the last 
five volumes of this catalogue have recently been 
published The catalogue contams the positions of 
180,000 stars down to magnitude 115 No proper 
motions foi the stars were deduced because i6 was 
nnpossible to free the earlier catalogues from system- 
atic errors The homogeneity of the results of this 
large undertaking represents one of its most important 
features, and the catalogue 1s, and will remam, a 
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landmark mm positional astronomy The catalogue is 
known as the AGK2 

It has been decided to repeat the whole catalogue 
with a mean epoch of about 1960 18,000 secondary 
reference stars are bemg observed at various observa- 
tories, the photography 1s bemg performed at 
Hamburg and 1,939 plates will be required It 1s 
hoped to have positions and proper motions for all 
the 180,000 stars by 1965 This new catalogue, the 
AGKS3, will enable astronomers to determine the 
systematic errors of old catalogues, connect the 
proper motions of the bright stars with those of 
fainter stars measured relative to the extragalactic 
nebule, and provide much data for geodetic purposes 


Courses in Chemical Engineering 


A NEW pamphlet, “Scheme for a Full-time Course 
in Chemical Engmeermg" (pp 16 London Institu- 
tion of Chemical Engineers, 1959 28), 1s a revised 
version of the “Scheme for a Degree Course in 
Chemical Engmeermg", originally issued ın 1944, and 
takes account of current developments in teaching 
chemical engineermg at technical colleges The 
course covers three years, and although m the 
first two years most of the time ıs spent on physical, 
organic and inorganic chemistry, the physics of 
solids, electricity, and mathematics, fluid mechanics, 
heat and mass transfer, the design and construction 
of process plant, power thermodynamics and engm- 
eermg drawing aie introduced at this stage and not 
left until the final year In this year the course 
comprises fluid and particle mechanics, heat and 
mass transfer, separation processes, applied chemical 
thermodynamics and kinetics, fuels and combustion 
and design problems Practical experience in works 
1s regarded as an essential adjunct to the course, and 
the economic aspect should be introduced mto lec- 
tures on chemical process principles in the first year 
The course should not be so rigid as to preclude 
transfer to chemical engineering in the earlier years 
by students who have commenced studies in a 
cognate faculty 


Talanta Medal 


THE board of editors of Talanta announces a new 
award to be known as the Talanta Medal The pub- 
lishers, Pergamon Press, are providing the funds for 
thus Medal, whieh will have & value of 100 gumeas 
and which will be awaided for outstandmg con- 
tributions to analytical chemistry The Medal will 
not normally be awarded moie frequently than once 
a year, but no attempt will be made to award it at 
any stated intervals This award will be either to 
analytical chemists who are 1esponsible for major 
developments in the subject or to scientists whose 
work ıs judged to have contributed in a substantial 
way to the developments in the field of analytical 
chemustry Applications should be sent to the editors 
of Talanta, c/o Pergamon Press, 4-5 Fitzroy Square, 
London, W 1 


Perkin Centenary Trust 


THE programme of awards for the year 1960-61 
will include one Perkm Centenary Fellowship, valued 
at not less than £600 a year, which 18 available to a 
graduate for advanced studies, and two Perkm 
Centenary Scholarships at £300 a year, which are 
intended to give young persons employed in the 
industries concerned with the manufacture or the 
application of colouring matters the opportunity of 
full-time education at a university or technical 
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college Applications are mvited for the Perkin 
Trust Travel Grants from teachers concerned m the 
study of any aspects of the manufacture or applica- 
tions of colourmg matters at a university or technical 
college or other institute The purpose of the grants 
1s to enable teachers to make short visits to com- 
parable institutions overseas to widen them experi- 
ence ‘The secretaiy to the trustees is Dr J R 
Ruck Keene, to whom inquimes relating to awards 
should be addressed, at the Chemical Society, 
Buihngton House, London, W 1 


Harkness Fellowships of the Commonwealth Fund 


Tue awards bearmg since 1925 the title Common- 
wealth Fund Fellowships were renamed m 1959 tho 
Harkness Fellowships of the Commonwealth Fund 
All Fellowshrps are tenable in the United States and 
are offered, 1n separate series, to candidates from the 
United Kingdom, Austraha and New Zealand, and 
Western Europe The Fund, an American philan- 
thropic foundation, believes that ternational under- 
standing may be promoted by opportunities for 
education and travel m the United States Thirty 
Fellowships are offered m 1960 to candidates from 
the United Kmgdom who are British subjects and 
are either graduates or have experience in govern- 
ment service, the professions, the creative arts, 
journalism, branches of business or industry Forms 
of application, which must be returned before 
December 1, can be obtamed from the Warden, 
Harkness House, 38 Upper Brook Street, London, 
W 1, from whom further details can be obtamed 


British Institution of Radio Engineers Awards 


THe Council of the Birtish Institution of Radio 
Engineers has announced the award of a number of 
premiums for outstanding papers published in the 
Institution's Journal durmg 1958 the senor award, 
the Clerk Maxwell Premrum, goes to Mr C Powell 
and Mr D A Hendley (Decca Navigator Co , Ltd ) 
for the paper, “Dectra A Long Range Radio 
Navigation Aid" , Hemrich Hertz Premium to Mr 
K Foster (Cossor Radar and Electronics, Ltd) for 
the paper, “The Characteristic Impedance and Phase 
Velocity of High-Q Trplate Line", for the third 
successive year the Sm Louis Sterling Premium to 
Dr A van Weel (Philips, Emdhoven) for his paper, 
‘Design of Detector Stages for Signals with Sym- 
netrical or Asymmetrical Side-bands”, Sr J C 
Jose Premium to Dr B Ramachandra Rao, Dr M 
3uama Rao and Mr C Abhirama Reddy, from 
Andhra University, South India, for them paper 
mtitled ‘“Magneto-ionic Fadmg m Pulsed Radio 
Waves reflected at Vertical Incidence from the 
onosphere", Brabazon Premium to Prof D Q 
Cucker, Dr V G Welsby, Mr R Kendall and Mr 
2 E N Davies for their associated papers entitled 
‘Electronic Sector Scanning" and “Radar Systems 
vith Electrome Sector Seannmg", and Marconi 
nemum to Dr Morton B Prince and Mr M Wolf, 
f Hoffman Electromes, Inc, Evanston, Ilhnois, 
JSA, for ther paper “New Developments in 
ulheon Photo-voltaie Devices’ 


'olume Fifty of the “Large Soviet Encyclopedia" 

(‘‘Bolshaya Sovietskaya Enziclopediya’’) 

Tuis volume, part of a set of fifty, could rot be 
ald separately when ıt was originally issued In 
957, however, a special edition of 300,000 copies 
ras printed, which could be sold separately Thus 
us finely printed and bound volume of 764 pages 
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can be purchased m Bram fo. the sum of £2 
It contams summary articles or reviews of all 
aspects of the Soviet Union and thus it 1s an in- 
valuable reference book for anyone interested in 
this subject It ıs illustrated by a large number 
of folding and text maps, plates, text figures and 
tables Scientific workers will be interested in the 
followmg chapters 8, geography, geology, climate, 
sous, vegetable and animal worlds of the Soviet 
Union, 4, population, 5, history , 9, economics , 
12, education, 15, science Chapters which follow 
deal with literature, arts and other subjects Chrono- 
logical tables and a name index are placed at the end 


Announcements 


Dre A J P Marrm, of Elstree, Herts, Dr R L M 
Synge, of the Rowett Research Institute, Bucksburn, 
Aberdeenshire, and Dr A T J. ames, of the National 
Institute for Medical Research, Mill Hil, have been 
awarded John Price Wetherill medals of the Fiankln 
Institute for ther development of gas-liquid (par- 
tition) chromatography 


At the sixth annual general meeting of the Associa- 
tion of Climical Biochemists, held at the Royal 
College of Surgeons, London, on October 3, the 
followmg officers were elected President, Tn C P 
Stewart, Chaeman, Dr A L  Latner , Hon 
Treasurer, Dr J H Wilkmson, Hon Secretary, Dr 
A L Tárnoky, Royal Berkshire Hospital, Readmg 


A REGIONAL traming course for laboratory tech- 
micans sponsored jomtly by the University Institute 
of Chemistry, Lahore, and the Unesco South Asia 
Science Co-operation Office will be held at the 
University Institute of Chemisti y, Lahore, Pakistan, 
during November 23-December 19 Inquiries should 
be addressed to the Unesco South Asia Science 
Co-operation Office, 21 Cwzon Road, New Delhi, 
India 


IN a written answer in the House of Commons on 
July 30, the Chancellor of the Exchequer stated that, 
to assist the Government m making a review of the 
control of public expenditure, he was appointing a 
small group to make a full examination of the whole 
problem, m consultation with all major departments, 
and to formulate proposals Lord Plowden would 
take general charge of this work, and besides senior 
officials from dopartments, mcluding the Treasury, 
the group would melude two or three persons from 
outside the Government service 


THe Chemical Society has announced that appl- 
cations for Research Fund grants should be submitted 
not later than November 14 Further mformation 
can be obtamed from the General Secretary, Chemical 
Society, Burlmgton House, London, W 1 


THE Instituto of Physics 1s organizing a conference 
during November 13-14 on “Structure Analysis and 
Experrmental Techniques" The conference 1s to be 
held at the Institution of Civil Engineers, Cheat 
George St1eet, London, SW 1 Further mformation 
can be obtamed from Dr P T Dawes, “Shell” 
Research, Ltd, "Thornton Research Centre, PO 
Box 1, Chester 


Erratum In the communication entitled **Pie- 
vention of the Onset of Seed Dormancy by Gibberellic 
Acad”, by Dr M Black and J M Naylor, m Nature 
of August 8, p 468, ın the legend to Fig 1, for “2 
replicates each comprising 50 embryos" read “ 2 
repheates each comprising 50 caryopses” 
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SCIENTISTS IN THE PUBLIC SERVICE IN BRITAIN 
SPECIAL PROMOTIONS 


I posts have been created in the Crvil 
Service as in previous years under provisions 
included ın the White Paper on the Scientific Cıvıl 
Service (Cmd 6679, 1945) to provide for the pro- 
motion of mdividual research workeis of exceptional 
merit The promotions were effective fiom July 1, 
and include the followmg 


Deputy Chief Scientific Officer 


Dr J S Hey jomed the Army Operational 
Research Group in 1940, becoming its head in 1949 
In 1952 he formed a research section of what is now 
the Royal Radar Establishment Both before and 
smce gomg to Malvern, he made exceptionally 
distinguished pioneering contributions to radio 
astronomy which were the basis for his D Se His 
work for the Mimistiy of Supply has also included 
important contributions on the mechanism of electro- 
magnetic scattermg and the ionization associated 
with discontinuities in hypersonic gas flows, all 
marked by originality and simple elegance in experi- 
mental technique He ıs a Fellow of the Physical 
Society and the Royal Astronomical Society, has 
served on the Council of the latter and was this year 
awarded the Eddington Medal He serves on Com- 
mussions of the International Astı onomical Union 


Dr H G Horxms was at the Royal Aircraft 
Establishment durmg the war years, working 
primarily on the theory of elastic stabihty and of 
stress distribution in arrciaft structure In 1946 he 
returned to academic teaching andiesearch He jomed 
the Armaments Research Development Establish- 
ment m 1954 and has been concerned with damage 
to structures, camouflet and crater formation in soils 
and dynamic studies m metal plasticity 


Mr D H SaprzER 1s supermtendent of HM. 
Nautical Almanac Office, the work of which 1s divided 
between the highest theoretical and numerical re- 
quirements of fundamental astronomy and celestial 
mechanics and the practical requirements of 
astronomical navigation It was largely due to him 
that the Royal Air Force had such excellent almanacs 
and tables durmg the Second World War Since then 
the provision for astronomical navigation, both at 
sea and in the air, has been much expanded and 1s 
now completely unified with that m the United 
States Mr Sadler has contributed much to the 
theoretical side of navigation and has been awarded 
the premier awards of both the British (Gold Medal, 
1957) and the American (Thurlow Award, 1948) 
Institutes of Navigation, he was president of the 
British Institute durmg the period 1955-56 He is 
at present general secretary of the International 
Astronomical Union, and he was secietary of the 
Royal Astronomical Society during 1939-47 Durmg 
the Second World War he also directed the com- 
putational side of the highly successful Admuralty 
Computing Service 


Senior Principal Scientific Officer 


Mr J M Crappoocxk is serving in the assistant 
directorate of Dynamical Research in the Meteoro- 


logical Office of the Air Mimustiy and 1s engaged on 
research into the problem of long-range weather 
forecasting P 


Mr F J BnapsHaAW, of the Metallurgy Depart- 
ment, Royal Arrcraft Establishment, is a fertile 
research worker on the physics of metals 


Mr A G Eanr, of the Guided Weapons Depart- 
ment, Royal Aircraft Establishment, is a research 
engineer who has studied the fuel system and control 
systems of guided missiles 


Dr H Korsxvr, of the Armament Research and 
Development Establishment, after a distinguished 
outside career devoted mamly to the mechanics of 
solids, has iecently jomed Dr Hopkins at Fort 
Halstead 


Dr E H Mawnsrrexp, of the Structures Depart- 
ment, Royal Ancraft Establishment, has studied 
mathematical aspects of aircraft structural research, 
most recently m connexion with the effects of kmetic 
heating 


Dr A H Coox (National Physical Laboratory, 
Standards Division) is primarily engaged in the 
accurate measurement in absolute terms of certain 
physical quantrties and constants 


Mr C G Grues (Road Research Laboratory) has 
conducted research aimed. at finding ways of reducing 
the number of road accidents due to skidding 


Dr A C Hurme (Ditton Laboratory of the Food 
Investigation Board, now of the Agricultural Research 
Council) works on various aspects of the biochemistry 
and physiology of apples and other fruits, especially 
on biochemical changes in respiration during storage 


Mr A Srtvertear (National Physical Laboratory, 
Ship Division) 1s in. charge of the group responsible 
for research and design m the fields of ship propulsion, 
cavitation. and vibration 


Dr E H RmuopznICK jomed the Services Elec- 
tronies Research Laboratory m 1955 and is working 
at present on very fast switching for computers 
using superconductors 


Mr S B KENDRICK, of the Naval Construction 
Research Establishment, 1s an authority on the 
design of submazine pressure hulls 


Similar promotions have been made by 


(I) UK Atomic Energy Authority 
Deputy Chief Scientific Officer 


Dr G E Bacon spent the war years at the 
Telecommunications Research Establishment on the 
development of ground radar equipment, particularly 
aerial systems In 1946 he jomed the Atomic Energy 
Reseaich Establishment at Harwell, where he has 
worked on the appheation of X-ray and neutron 
diffraction to the study of the solid state He ıs 
known especially for his work on the structural 
crystallography of graphite and for neutron studies 
of hydrogen bonds and thermal motion in hydrated 
and organic substances 


No 4690 September 19, 1959 


Dg W B Tuowrsow took up a Harwell Senior 
Fellowship m 1950 and 1s now the senior theoretical 
physicist working on the problems of fusion 1eactors 
His section of the Theoretical Physics Division 
cariies out mathematical investigation mto the 
stability of high-current gas discharges, on the rates 
of loss of heat from gases at temperatures of more than 
a million degrees centigrade, and on tho effects of 
magnetic fields on the bulk and particle motions af 
highly 1omzed plasmas The work cludes mter- 
pretation of the many fundamental expermments in 
this field carried on in all parts of the world and 
assessment of its significance to the buldmg of a 
theory good enough to allow final success in the 
fusion reactor field ^ 


Mn W WALKINSHAW is one of Britain’s leading 
particle accelerator theoreticians, jommg the Tele- 
communications Research Establishment m 1940 
where he carried out theoretical research on radar 
and on high-energy particle accelerators He has 
worked at the Atomic Energy Research Establish- 
ment, Haz well, since 1951 His section of the Theoret- 
ical Physics Division is very closely associated with 
the Rutherford Laboratory of the new National 
Institute for Nuclear Research, and has been engaged 
principally on the large 7,000 MeV proton synchro- 
tron which is still under construction In addition 
to this econtinumg task, the group is charged with 
the duty of conceiving new types of accelerating 
machmes and specifymg designs for other machmes 
of tested types 


Senior Principal Scientific Officer 


De K W BAGNALL 1 at Harwell in charge of a 
section of the Radiochemistry Branch of the Chem- 
istry Division which ıs concerned with research mto 
the chemistry of the actimde and other heavy 
elements At present, the mam interest is ın prot- 
actinium 

Dn A M LANE 1s part of the team of theoret- 
icans whose task it 1s to ensure that the Atomic 
Energy Authority 1s fully armed with the most up-to- 
date and reliable knowledge of nuclear physics 


(2) Agricultural Research Council 
Deputy Chief Scientific Officer 


De R L Mrrcneut jomed the staff of the Macaulay 
Institute for Soil Research, Aberdeen, m 1937 He 
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is deputy director of the Institute and head of the 
Department of Spectrochemistry Dr Mitchell has 
been responsible fo. the development of spectro- 
chemical methods applicable to the analysis of soils, 
plants and related materials, mvolving the evolution 
of techniques and equipment for aro, Spark and 
flame emission methods The chemical concentration 
technique 1s now quite widely used throughout the 
world and many overseas workers have visited the 
Macaulay Institute to study the spectrochemical 
methods developed by Di Mitchell and his co- 
workers More than sixty publications descirbo 
methods employed and the valuable results obtamed 
in the study of trace element 1elationships in soils 
and plants and of the geochemucal background to 
them occurrence The work of his department also 
includes the use of infra-red and ultra-violot absorp- 
tion methods fo. the exammation of organe and 
inorganic soi constituents 


Senior Principal Scientific Officers 


Dr N J BERRIDGE is a membe: of the staff of the 
National Institute for Research m Dairymg and ıs 
well known as an authority on rennn 


Dr ATAN ROBERTSON, of the Agricultural Research 
Unit of Animal Genetics, Edmburgh, ıs widely 
recognized as one of the most successful students of 
the rapidly expandmg subject of population genetics 

Dr V P WnurrrAKER, of the Agricultural Research 
Institute of Animal Physiology, Babraham, Cam- 
bridge, has done outstanding research m the cholm- 
esteiase field 


(3) Development Commission 
Senior Principal Scientific Officer 


Dr J W G Lux is in charge of the Freshwater 
Biological Association and has made important con- 
tributions to the understanding of the factors which, 
by controling the annual phytoplankton cycle, 
determine the fertihty of lakes and reservons 


(4) Nature Conservancy - 
Senior Principal Scientific Officer 


Mr J GQ SkELLAM is head of the Biometiies 
Branch of the Nature Conservancy, contributing 
to mathematical biology, and m particula to 
theoretical study of population dynamics and 
statistical ecology 


CONCEPTION OF EVOLUTION 
MEETING IN PARIS 


HE Muséum National d'Histome Naturelle 

celebrated on June 5 the anniversaries of the 
“Precurseurs et Fondateurs de l'évolutionnisme— 
Buffon, Lamarck, Darwin” the 250th anniversary 
of Buffon’s birth, the 150th anniversary of the 
publication of Lamarck’s “Philosophie zoologique’ , 
and the centenary of Darwin's ‘“‘O1igin of Species’. 
The meeting was held in the famous Grand Amphi- 
theatre, planned during Buffon’s administration, and 
which, reconditioned about four years ago, is again 
used for its original purpose A large and distinguished 
audience including many famous scientists, somp 
of whom have long been retired, was present 


Prof Roger Heim, director of the Museum, gave 
an opening discourse, first summarizmg tho pre- 
Buffon period with his customary clar ity and grasp 
of essentials If m this he appeared to stress the 
views of naturalists of the old Jardin du Roi ıt was 
inevitable, for naturalist-philosophers were almost 
confined to France at the t1me—and to the Garden 
There were clear statements about transformism 
before Buffon, and equally there was a belief i the 
fixity of species after hm An upholder of this was 
Bosc, one of the founders of the Linnean Society 
of Paris m 1788, the same year as that of London 
was started One of the first acts of the society 
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was to petition for the erection of monuments m the 
Garden to the memory of famous scientists, beginning 
with that of Lannzeus, later destroyed by sans-culottes 

Prof Jean Piveteau, of the Sorbonne, a well-known 
authority on Buffon, gave en account of his personality 
with particular reference to his ideas on evolution, 
how they developed and how, at times, they seemed 
mcompatible A valuable commentary gave the 
reasons for this, both psychological and diplomatic 
Few men are so misjudged in Great Britam as Buffon 
He had an enormous influence on the thought of 
his tıme He was a man of wide scientific attam- 
ments and m every way a man of the world His 
Discourse on Style, delivered on his admittance to 
the Academy of Sciences in August 1753, has given 
him his place m literature This celebrated discourse 
was read at the meeting by M. Ton Taffin of the 
Comédie-Frangaise The audience was obviously 
thrilled to hear the sonorous phrases which probably 
all had read—there were at least sixty editions of ıt 
in the nineteenth century 

Dr J Ramsbottom followed with an account of 
the lives and work of Jean Lamarck and Charles 
Darwm Lamarck first postulated progressive evolu- 
tion, Darwin put the doctrine of evolution on so 
sound a basis that ıt became generally accepted 
Tt was a pleasmg acknowledgment of Darwm's 
epoch-making “Ongin of Species” that he should be 
given a promment place m what was essentially a 
celebration of French achievements moreover, ib 
was logical m realizing that 1t was the book and not 
the prehminary announcement of natural selection 
which was important So Lamarck and Darwin 
could be spoken of as searchers after truth without 
some of the nonsense which has been allowed to 
belttle the former Comparmg the basic ideas of 
the two—Lamarck held that an organism in a 
changing environment 1s stimulated to vary , Darwin 
that variation 1s independent of the environment 
For both the environment—adaphic, physical and 
biotic factors, the last including competition, para- 
sitism, ete —4s allamportant Natural selection 1s 
not active hke artificial selection, but passive an 
organism can live under certam conditions, or ib 
cannot Lamarck suggested that the srmpler animals 
and plants would provide instructive facts Evidence 
accumulated since the introduction of pure culture 
methods suggests that environmental conditions can 
produce definite inheritable changes, though not 
necessarily of the kind Lamarck propounded The 
boosting up of penicillin production ın PemwWllhum 
chrysogenum has much m common with what Darwin 
considered to be the effects of domestication 

Mme. G Duprat, librarian to the Museum, then 
gave an account of the career of P J Redouté, 
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born m 1759, who was artist to the Garden and 
painted many of the famous véhms She showed a 
series of projections of portraits of Redouté and a 
large number of his paintings, several of which were 
of specimens from the Royal Botanic Garden at Kew 
An exhibition was arranged m the corridor adjom- 
mg the amphitheatre showing many of Redouté’s 
orginal pamtmgs and a number of his published 
plates, also an announcement of his lectures The 
Muséum d'Histoire Naturelle, as one of its mam 
functions, acts as a teachmg university There 
are at present 24 professors who give courses of 
lectures covermg a very wide field, but there are 
no degrees awarded as the result of exammations 
The system 1s sur generis 

Prof H V Vallois, director of the Musée de 
lHomme-—attached to the Natural History Museum 
—gave a history of tho Société d’Anthropologie, 
founded m 1857 In spite of the date the Society’s 
begmnmmg was m no way connected with the publica- 
tion of the “Origm of Species" , indeed, 1$ preceded 
ib by six months Social and physical anthropology 
in the widest sense have been the scope of the Society, 
and its activities, as outlined, make an impressive 
history It is noteworthy how Darwin’s name became 
increasingly prominent after the publication of his 
“Descent of Man" 1n 1871 Cuvier, the great exponent 
of catastrophism, died m 1832, but though there 
was no successor to stamp out heresies his mfluence 
was such that Lamarck’s beliefs were still discredited 
and ıt was not until Darwin amassed and arranged the 
evidence that mquimies about the status of fossi] man 
became scientifically respectable 

The last paper, by M Franck Bourdier, assistant 
chief of the Service de Muséologie, dealt with the 
French forerunners of evolution They make an 
imposing lst far outnumbermg the combined total 
from all other countries The notion of permanent 
change in organisms and that of evolutionary 
sequence stood out clearly It would be useful to 
distinguish between them, possibly by speaking of 
the first as transformism and the second as evolution 

In an adjomung corridor an exhibit was arranged 
where the matter of this lecture could be studied 
at leisure and ın greater detail Here agam Darwin 
was included as the end of the old period or as the 
beginning of the new 

In addition to this mtellectual feast and as part of 
the anniversaries, an excellent exhibition was staged 
m the gallery of the Botanical Museum, dealmg with 
the history of the doctrine of evolution and illustrating 
development up to and mecludmg man Specimens, 
easts, models, photographs and all the modern 
methods of display provided a most structive and 
convineing story J Ramssorrom 


X-RAY MICROSCOPY AND X-RAY MICROANALYSIS 


HE second International Symposium on X-ray 

Microscopy and X-ray Microanalysis was an 
independent meeting held in Stockholm in 1959, and 
sponsored by the same thiee laboratoires as were 
responsible for arranging the first Symposium, held 
m Cambridge in 1956 the Department of Medical 
Physics, Karohnska Institutet, Stockholm, the 
Departments of Physics and Biophysics Stanford 
University, California, and the Electron Microscope 


Section of the Cavendish Laboratory, Cambridge 
The attendance of 180 was 50 per cent greater than 
that at the previous meeting, although the number 
of papers presented (74) was not appreciably greater 
than before (66) The participants were drawn from 
seventeen different countries and from 120 different 
laboratories 

«lhe programme was divided according to the 
nature of the physical techniques employed X-ray 
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absorption microradiography, X-ray emission micro- 
analysis, and X-ray microdrffraction analysis Each 
division was sub-divided into sections on methodo- 
logical aspects and equipment, technical applications 
and biological appheations The number of com- 
munications under these three cross-divisions was 43, 
10 and 21, respectively, showing that the develop- 
ment of techniques is stil enjoymg most attention 
and that ther application m biology and medicine is 
ahead of that ın mineralogy and metallurgy 

In absorption mucroradiography, imterest was 
mainly in the relative merits of the contact and 
projection techniques, only two contributions being 
concerned with the reflexion method, m which the 
correction of aberrations is still the main problem 
For qualitative microscopy, all three methods at 
present have about the same limit of resolving power, 
at about 0 25u H H Pattee (Stanford University) 
has investigated a number of alternatives to the 
photographic emulsion for recording the X-ray image 
m contact microradiography, meludmg radiosensitive 
dyes and plastics, some of which give images which 
ean be enlarged in the electron microscope J H 
Auld and J F McNeil (Aeronautical Research and 
Defence Standards Laboratories, Australia) showed 
that xerography with liquid developers allows a 
resolution comparable with that given by ultra-fine 
grained X-ray films and at exposure times simular to 
those of the fastest X-ray films In the projection 
method, improvements are bemg made m the tech- 
nique of focusmg at very high resolution (W C 
Nixon, Cavendish Laboratory) and ın obtaming 
improved contrast (S P Ong and J B Le Poole, 
Delft) The mam emphasis, however, was on the 
perfection of the absorption procedure for miero- 
analysis, whether of particular elements (sulphur, 
phosphorus, caleium) or simply of the dry weight of 
biological tissues The contact method has been 
developed for this purpose, especially m Swedish 
laboratories, and improvements in the technique 
were described by Howling and Fitzgerald (New 
York), Hydén and Larsson (Gothenburg), Lindstrom 
and Hoh (Stockholm) and Muller and Sandritter 
(Frankfurt-on-Main) The accuracy of analysis 
varies between 5 and 10 per cent, depending on the 
nature of the specimen A detailed study of all the 
factors involved 1s bemg made by Henke (Pomona 
College, California), usmg red blood-cells as standard 
specimen In the projection method direct measure- 
ments can be made with a counter on the enlarged 
X-ray mnage, thus elimunating the stages of photo- 
graphy and mierophotometry, so that the accuracy 
of analysis 1s better In determinations of caleium 
in bone, Long (Cavendish Laboratory, Cambridge) 
obtamed 2-3 per cent accuracy The smallest area 
which can be analysed is a few microns in diameter 
in either method, the limit being set by the light spot 
in microphotometry and by the counter aperture in 
projection recordmg The ultimate mass sensitivity 
is of order 10-11-10? gm, since sections thinner 
than 10u cannot be used 

The applications of absorption microradiography, 
by one or the other experimental technique, covered 
a wide range of subjects In the morganic sciences, 
papers were concerned with mineral dressing, petro- 
graphy and mineralogy, in biology and mgdieme, 
with bone (six papers), vascular systems (five papers), 
other animal tissues (four papers, cluding a wide 
survey by Saunders, of Dalhousie University), plant 
tissues (two papers) and forammufera (one paper 
Most of this work was qualitative, only Lindstrom 
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(Stockholm) and Sissons (Institute of Orthopedics, 
London) describing quantitative applications 

X-ray emission microanalysis 1s more definitely a 
quantitative method, and rapid progress is bemg 
made with its development now that is value in 
metallurgy and muneralogy has been demonstrated 
In biological research, where compounds rather than 
elements are of interest, 1ts scope 18 much more 
restricted The mechanism of emission 1s more com- 
pheated than that of absorption and m practice 
results are subject to a variety of corrections The 
efficiency of X-ray production by direct electron 
excitation was discussed by Archard (Associated 
Electrical Industries Research Laboratory, Alder- 
maston) and by Cosslett (Cavendish Laboratory, 
Cambridge), and the corrections for absorption and 
fluorescence by Philibert (Institut de Recherches de 
la Sidérurgie, Paris) and by Austin, Richard and 
Schwartz (Battelle Institute, Columbus) The factors 
limiting the spatial resolution (or ‘localization’) of 
the method were discussed by Duncumb (Cavendish 
Laboratory, Cambridge), the main factor bemg the 
very rapid decrease m electron-beam current as the 
focal spot 1s reduced to less than lp ın diameter At 
present the practical limit ıs about 0 25u, and further 
improvement must wait upon developments of the 
electron source, electron lenses and recording system 
A great gain 1s attamable 1f a proportional counter 
can be used for wave-length diserimmation, instead 
of a crystal spectrometer, and Dolby and Cosslett 
reported promising results with a counter of wide 
collection angle coupled to an electrical network 
which can separate the pulses produced by neigh- 
bourmg elements in the periodic table 

Improvements im the design of mucroanalysers 
were reported from the laboratories of Associated 
Electrical Industries (Aldermaston) and Tube Invest- 
ments (Hinxton) and from the Cavendish Laboratory 
The Associated Electrical Industries instrument is 
now being manufactured by Metropolitan-Vickers 
and the first model was on view during the meeting 
The production of the scannmg mueroanalyser 
developed m the Cavendish and Tube Investments 
laboratories, which displays images of the distribu- 
tion of selected elements m the specimen, was 
announced by the Cambridge Instrument Company 
The original static spot instrument of Castamg 1s 1n 
production m France, and two similar mstruments 
are now being commercially made in the United 
States This activity has been stimulated by the 
great interest now shown in the method by metal- 
lurgists and mineralogists, which was reflected in the 
papers on applications by Austin, Long, Melford 
(Tube Investments) and Philibert All elements with 
atomic number greater than 11 (sodium) can already 
be analysed, with an accuracy in favourable cases of 
better than 01 per cent Since the localization of 
the analysis can be smaller than lu, ın depth as well 
as ın diameter, this corresponds to a minimum 
detectable mass of about 10-4 gm As the range of 
applications 1s extended, however, ib ıs becoming 
clear that the lunits of accuracy must be more 
closely investigated ın each special type of alloy or 
mineral The work of Philibert on light alloys showed 
that very careful correction needs to be made for 
fluorescence effects as well as for absorption of X-rays 
from one constituent by the others present To 
reduce such corrections to a mmimum, i6 will be 
desirable to build up a collection of reference stan- 
dards so that one may be selected which 1s as close 
as possible in composition to the specimen under 
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investigation Comparison of the 1esults obtained in 
three different laboratories, on the variation. of nickel 
content acioss tenite inelusions in the same type 
of meteonte, indicated that standard methods of 
preparing the specimen must also be worked out It 
was unfortunate that only an extended abstract was 
available of what would have been a most interesting 
paper by Borovsk: (Institute of Metallurgy, Moscow), 
who has independently developed the X-ray muero- 
analyser for metallurgical research It appears that 
he has made great progress not only with standard- 
izing the procedures, but also m the automatic 
recording of concentration curves His main interest 
is m diffusion problems and im transfer processes 
between solid and liquid media 

In summary, ıt can be said that the emission 
mucroanalyser 1s leaving the stage of being an mter- 
esting piece of gadgetry and 1s now having to prove 
itself as a routme research tool, m the course of 
which its capabilities and limitations will become 
more clearly defined In particular, 16 1emams to be 
seen how far ıt can help m some of the main problems 
of ferrous metallurgy exploratory determmations 
of carbon have already been made by Dolby, but 
what the lmuts of accuracy may be and whether 
carbon and nitrogen can be distinguished from each 
other are problems still to be solved 

The Symposium ended with two sessions on m1c10- 
diffraction, which becomes mereasingly related tech- 
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nically to X-ray mucroscopical methods as the 
advantages of using micro-focus tubes are more widely 
appreciated Further developments were described 
in the tubes themselves and in the spectrometers and 
miucro-beam cameras used with them The value of 
the method, especially in reducing exposure time to 
more practical lumits when only very small crystals 
aie available, emerged strongly from the work of 
Fournier (Centre National pour la Recherche Scien- 
tifique, Paris) on crystals from tumours, Mrs Kennard 
(National Institute for Medical Research, London) on 
a number of clmical problems, Skertchly (Textile 
Physics Laboratory, Leeds) on keratimization of hair, 
and Wyle (Royal College of Technology, Glasgow) 
on the growth of crystals ın balsa wood Quite 
different techniques have been developed for investi- 
gating dislocations and other sub-structures m 
metals, by combining Bragg diffraction with X-ray 
microscopy Extensions and applications of this 
‘Berg—Barrett’ method were described by Newkirk 
(General Electric Laboratories, Schenectady) and 
Weissmann (Rutgers University, New Jersey) 
Shinoda and colleagues (Osaka University) had used 
a transmission variant of the method to imvestigate 
the recrystallization of zirconium and its alloys on 
the micro-scale 

A third symposium 1s planned for 1962, and will 
probably be held at Stanford University, Califorma 

V E COSSLETT 


THE BRITISH GELATINE AND GLUE RESEARCH ASSOCIATION 


HE seventeenth meeting of the Research Panel 

of the British Gelatme and Glue Research 
Association was held on June 25, with Mr S G 
Hudson (Richard Hodgson and Sons, Ltd) m the 
char In the morning a ieview of certain aspects 
of the research of the Association was grven by Mr 
A Q Ward, for whom ıt was the last meeting as 
director of research, and in the afternoon a dis- 
cussion on gelation took place, with the main con- 
tribution from Mr J W Janus (Kodak, Ltd ) 

The review by Mr Ward was entitled '"The Present 
Position in Gelatine and Glue Research" The paper 
opened with a reference to a previous review given by 
the author to the second Research Panel meeting 
nine years earlier, m which considerable attention 
was given to those methods of polymer physics and 
chemistry which were applicable to the study of 
gelatin The expansion of research on gelatin now 
made ıt necessary to limit the paper to the central 
problem of the structure of the molecules of the 
many different types of gelatzn This largely left 
on one side research on the collagen-gelatin con- 
version and also on gelation, except where these 
subjects threw light on the molecular structure of 
gelatin 

The chemical composition of gelatine, and animal 
glue, were shown to depend on the ammo-acid com- 
position of the gelatin itself, that 1s to say, of the 
collagen breakdown products, and on the occurrence 
and composition of rather small amounts of non- 
gelatin constituents Separation procedures such as 
adsorption on activated charcoal, or 'IEC50' resin, 
enabled small quantities of gelatin-free impurities to be 
obtained and analysed, and examination of fractions 
prepared with «sopropyl alcohol showed that about 1 


per cent of degraded protem, other than gelatin, might 
also be present in the residue from fractionation Using 
hydroxyprolme content as a measure of purity, 1b 
was suggested that a total of 3 per cent of organic 
impurities might be present. although the variation 
ın hydroxyproline content could equally be the 
result of small differences m composition between 
gelatin molecules 

Revision of figures for the amide content of gela- 
tines enabled very good agreement to be obtamed 
between the analytical figures for the ionizable 
groups m gelatin and the results of titration curve 
determinations This shows that, withm experimental 
error, all the carboxyl, amino and guanidino groups 
are free to ionize and are not cross-hnked The 
accuracy attained did not make 16 possible to exclude 
the occurrence of a small number of cross-links 
involving these groups 

The properties of preparations of well-characterized 
soluble collagen extracted from calfskin, caip-swim 
bladder tunic and codskin, by Doty and co-workers, 
and their conversion of the soluble collagens to gelatin, 
could be explained in terms of dissociation of the 
triple-helix collagen structure The gelatins obtained 
would, on this view, be single chains, free of cross- 
links In contrast, first extract alkali process gelatins 
have been shown by Courts and Stamsby, usmg 
end-groups and light-scattermg determmations of 
molecular weight, to be multicham, at least for 
the higher molecular weights The relation between 
these 1ésults was discussed 

The problem of explaimmg the reduction in gel. 
forming ability in gelatme caused by neutral and 
alkaline degradation, although not by acid degrada- 
tion, as distinct from any effect due to the reduction 
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in molecular weight, still remained to be solved 
Suggested explanations were put forward in terms 
of internal re-arrangements of the protem chains 
which upset the ordered arrangement required for a 
gel bond, or alternatively, that intra-molecular cross- 
linkmg occurs progressively on heating under neutral 
or alkaline conditions, and interferes with subsequent 
gel formation 

After a brief discussion Dr A Courts (British 
Gelatme and Glue Research Association) in moving 
a vote of thanks, expressed the appreciation of the 
staff of the help given to them by Mr Ward in his 
term of office Mr C F C Siumeons (British Gelatine 
Works, Ltd ), 1n seconding, added the thanks of the 
gelatine and glue industry 

Mr Janus, ın opening the discussion on gelation, 
gave a short paper on ‘The Formation and Structure 
of Gelatm Gels" He deseribed the measured pro- 
perties of gels, the rigidity of the matured gel, the 
melting-pomt and the setting time from the sol state, 
and showed how these depended on solution pH 
He emphasized that setting might occur m a short 
time even at room temperature, whereas the gel 
rigidity increased over long periods at 0°C The 
melting-pomt was, however, much less influenced by 
low-temperature matunng 

The mfluence of guanidino content on setting time 
and melting-pomt was made clear, but not that on low- 
temperature rigidity Interference with setting can 
also be secured by alkaline copper solutions which 
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are presumed to interact with the co groups of 


the backbone An mteraction between guanidimrum 
groups and the backbone was therefore postulated 
as the mechanism of the early stage of setting To 
explain the contmued giowth of rigidity at low 
temperatures, reversion to the helical structure was 
suggested, and support was drawn from the optical 
rotation changes 

Dr R Collison (British Baking Industries Research 
Association) presented a short paper by Dr G A H 
Elton and himself on “The Swellmg of Starch” In 
this he described the swelnng of the granules in water 
as the temperature 1s raised, and effects on the mech- 
anical properties He also mentioned the action of 
surface active agents 1n controlling swelling, probably 
by forming a hydrophobic layer on the granules 

Mr D D Carruthers (University of Durham) 
described measurements on gelatm gels at high 
frequency, and discussed the dependence on tempera- 
ture of the mechanical properties 

The general discussion was opened by Dr G 
Stamsby (British  Gelaune and Glue Research 
Association), who emphasized the difficulty of estab- 
lishing precisely the mechanism of gelation The vote 
of thanks to Mr Janus and the other speakers was 
moved by Mr E Bradbury (British Cotton Industry 
Research Association) and seconded by Dr A 
Jobling (British Glues and Chemicals, Ltd ) 

ALAN G WARD 


THE TORRY RESEARCH STATION, ABERDEEN 


HE Torry Research Station m Aberdeen of 
the Department of Scientific and Industrial 
Research, which was set up m 1929, together with its 
sub-station m Hull, the Humber Laboratory (opened 
in 1952), carries out research into the problems of 
fish preservation The occasion of the open days 
during June 15-17, when the Station was on show to 
scientists, equipment manufacturers, the fish industry 
and the general public, provided an opportunity both 
of seemg the range of practically the whole of the 
research m the United Kingdom mto fish technology 
and also of assessing how the treatment of the fish 
we eat ıs hkely to change ın years to come 
Although the fish mdustry has changed m numerous 
ways ın the thirty years since Torry was opened, it 
nevertheless remains largely ‘traditional’, there 
are many small firms, mechanization to any substan- 
tial degree 1s found only ın a few factories and, with 
the exception of deep freezmg, the methods of pre- 
servation used were familiar to our grandparents 
Torry, which has been closely concerned m many of 
the changes which have occurred, 1s becoming more 
and more closely occupied with the technical develop- 
ment of the industry of the future Changes are 
occurring at an increasing tempo and the next decade 
is likely to see a much greater alteration m both 
techniques and organization than the previous 30 
years have done 
One of the major problems concerning our supply 
of white fish ıs that about half of ıt comes from Arctic 
waters The fishing grounds are anything from three 
days to one week's steaming from the Humber ports, 
on which almost all the long-distance trawlers gre 
based, and this consequently sets a limit to the age 


of the freshest fish that can be landed Voyages aie 
on an average of nearly three weeks duration and 
the fish caught first may therefore be 16-17 days 
old when 1t ıs landed Cod and haddock, even when 
properly stored im crushed ice, remain in reasonably 
good edible condition for only 14-15 days About 
$ per cent per annum of the Arctic catch is in fact 
condemned at landing as unfit for human consump- 
tion After landing, the vicissitudes of the distribu- 
tion chain may render passable fish unpleasant and 
good fish only passable 

Since the Second World War, considerable attention 
has been paid at Torry to the problem of how to get 
fresher fish to the consumer A piomusing solution 1s 
to build a trawler capable of freezing the first third 
of the catch That the idea is practicable was shown 
in a full-scale trial carried out m 1955-56 under 
Torry’s technical supervision. and financed Jointly by 
the Distant Water Vessel Owners’ Development 
Commuttee, the White Fish Authority and HM 
Government A Grimsby trawler was fitted with 
vertical plate freezers developed at Torry and capable 
of operating satisfactorily in the exacting conditions 
of Arctic fishing, and with a —30°C cold store 
The frozen fish was distributed to consumers through- 
out the country whose reactions were almost univer- 
sally favourable The latest development 15 the design 
of a vessel of normal size and cost which would show 
attractive economic advantages over existing high- 
speed trawlers Such a vessel would be a trifle slower 
than the latter, the extra 1-2 knots of which are 
disproportionately expensive to obtain It could 
spend rather longer on the fishmg grounds and there- 
fore land a greater weight of fish The frozen part of 
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the catch could be used to even out the supply from 
the summer glut to winter dearth 

Another possible way of slowmg down the 1ate of 
spoilage of fish 1s to use antibiotics such as chlortetra- 
cycle and oxytetracyclme Much of the pioneer 
work has been carried out 1n Canada, where their use 
18 now permitted, but they may not yet be used m the 
United Kingdom One of the major tasks m hand 1s 
to determme the quantities of these substances likely 
to get into and remam ın the flesh after various types 
of storage, processing and cooking Even those anti- 
bioties most effective ın fish preservation have lmita- 
tions, there ıs little difference in the flavour of fish 
stored ın plam water ice and in antibiotic 1ce up to 
about the tenth day, so that no more could be done 
than to keep fish that would otherwise become poor 
or very poor in a passable, but not really fresh, 
state 

A recent survey carried out by staff of the Humber 
Laboratory and workers seconded by the White Fish 
Authority of the temperatures of fish durmg distribu- 
tion from unloadmg from the trawler to sale from the 
fishmonger’s slab has stimulated considerable interest 
within the trade and is already bringing about im- 
provements ın practice It represents another 
approach to the same problem of how the qualıty of 
fish reachmg the consumer can be raised This 
survey ıs probably the first large-scale attempt m 
any country to obtam first-hand field data of this 
lid It 1s typical of much of the work carried out 
at Torry, smce it was made possible only by the 
co-operation of the mdustry and was mitiated by 
discussion with representatives of the fish trade 

The Station necessarily supplements such practical 
applied mvestigations and development work with a 
considerable volume of basic research Thus, a greater 
understanding ıs bemg sought of the detailed struc- 
ture and composition of fish tissues, and of their 
behaviour durmg processing such as freezing and 
cold storage, smokmg and drying Knowledge 1s also 
bemg acquired of the composition of the bacterial 
flora of fish and the nature of the species mainly 
responsible for spoilage Studies since the War have 
contributed to improvements m the taxonomy of the 
marine bacteria mainly concerned and in the building 
up of a type culture collection now of mternational 
reputation 

Solid progress 1n recent years in the characteriza- 
tion and estimation of the so-called ‘extractives’ of 
fish muscle 1s providing a clearer insight into the 
autolytic changes that take place immediately after 
death and durmg bacterial spoilage This work ıs of 
particular importance in understanding the various 
physico-chemical changes that occur durmg dehydra- 
tion, freezing and subsequent storage of fish, as well 
as the factors which give rise to different types of 
spoilage flora under various conditions Recent years 
have also seen the accumulation of new knowledge of 
the main proteins of fish muscle which 1s serving n 
particular to explam the causes of textural change 
durmg freezing, cold storage and dehydration Men- 
tion should be made of the work on the Maillard 
‘browning’ reactions which occur m dehydrated fish 
muscle 

Considerable attention has been given to the pre- 
vention of oxidative rancidity in cold-stored fatty 
fish Fish fats are highly unsaturated, and frozen 
fatty fish such as herrmg remam in really edible 
condition for a shorter period than white fish The 
rate of oxidation of fish fat can be slowed down by 
‘glazing’; this consists of dippmg the frozen fish m 
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water so that a layer of ice is formed around the 
outside Drymg of fish ın cold store hastens the 
development of rancidity , even more important, 
therefore, 1s to store fatty fish under conditions where 
drying is at à minimum Current work on the oxida- 
tion process may eventually lead to economic 1mprove- 
ments It has been found that fat oxidation is 
catalysed by hematm pigments m the red lateral 
muscle which 1s present m a well-defined form only 
in fatty fish 

Nevertheless, there are lmuts to the cold-storage 
period even of species like cod which contain con- 
siderably less than 1 per cent fat m the muscle , the 
fat becomes oxidized and there are progressive 
changes m the protem structure common to all fish 
Recently, a new method has been devised for assess- 
ing the development of toughness im. cold-stored fish 
This depends upon the fact that although fresh 
unfrozen muscle can be macerated in dilute formalin 
solution to give a thick opaque suspension, there 18 a 
tendency for the fibres of frozen fish to resist macera- 
tion and this resistance increases as a function both of 
storage time and of storage temperature By determ- 
ming the amount of light transmitted by the ‘soup’ 
of fish fibres produced under standard conditions 1t 
has been found possible to relate samples to a stan- 
dard time/temperature curve This test, the validity 
of which requires further checking to cover a number 
of variables, 1s so simple that ıt could easily be 
adopted by the fish-freezing firms which, with one 
or two notable exceptions, do not employ scienti- 
fically trained staff and do not possess quality control 
or development laboratories 

Fish freezes more rapidly than it thaws, due to the 
difference of thermal conductivity through frozen 
and unfrozen tissue For example, a block of fillets 
4 in thick may freeze m 4 hr or so but may take 
20 hr to thaw out m air at ambient temperatures 
A number of firms use large quantities of frozen 
fish for ther products, for example, there is a 
vaniety of ready-cooked fish products prepared 
initially from frozen fish and sold m frozen consumer 
packs, and the kippering industry uses large amounts 
of frozen herring when fresh herrmg 1s not available 
At present, fish 1s thawed on a large scale, either by 
merely leaving the frozen blocks in ai or by spraying 
with cold water The latter method, if 16 1s carelessly 
carried out, may adversely affect the quality of the 
product, and both methods are time- and laboui- 
consuming Attempts by workers m other countries 
to apply dielectric heating have not been successful, 
mainly due to ‘runaway’ heating This 1s tbe condi- 
tion in which there 1s progiessively increasmg absorp- 
tion of the available power m warm spots m the 
blocks, which become cooked , this 1s at the expense 
of the cooler portions, which remam frozen Recently 
this difficulty has been overcome and commercially 
available equipment has been slightly modified, 
a pilot plant has been runnmg at Torry without 
trouble for the past sıx months or so Blocks of 
frozen fish can be evenly thawed m about 15 min 
The technological implications of this work are 
very wide indeed 

The commercial smoking of fish is still largely 
carried out m the traditional smoking kiln which 
was developed during the early Middle Ages This 
1s merel¥ a chimney m which brined fish ıs hung and 
a sawdust and wood-chip fire hghted on the floor 
The operation takes anythmg up to 12 hr or more to 
complete The irregularity of natural convection, and 
the effect of warm humid weather on the functioning 
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of the kiln, render fish-smokmg an art which 1s diffi- 
cult to practise In 1939 a mechanical kiln was 
developed at Torry which simplified the process and 
made 1t much easier to control Although the mdus- 
try was at first slow to adopt the new kins, an 
mereasing number of firms are now domg so In- 
triguing possibilities are, however, now being sug- 
gested as a result of basic physical and chemical work 
on the composition of wood smoke It has been 
shown that virtually all the smoke constituents on 
smoked fish are derived from the mvisible vapour 
phase and not the visible particulate phase The 
practicability of smoking fish with ‘smokeless’ smoke 
and further developments as well are envisaged 
There 1s a continuous programme of work at Torry 
on the improvement of the efficiency of conventional 
fish-meal plant Emphasis 1s put upon methods of 
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increasing production, plant efficiency and nutritive 
value of the product 

It is important to stress that the high standing of 
the Torry Research Station within the fish industry 
itself is very largely due to the considerable amount 
of consultation and discussion which takes place with 
the mdustry and, not less important, the very good 
relationship built up between mdrvidual scientists 
and various people ‘m the trade’ Much of the 
development and survey work carried out within the 
past ten years would have been quite impossible 
without the close and friendly co-operation of the 
industry , on this personal contact between govern- 
ment research workers and the mdustry the future 
development of this relatively undeveloped and 
traditional mdustry, without any research organiza- 
tion of its own, depends G H O BURGESS 


FISHERY RESEARCH 


R BREDER has piepaied a valuable review of 
work on social grouping in fish* , ıt also con- 
tams new data, though ıt 1s sometimes a little difficult 
to pick these out He discusses in detail the various 
types of groups the aggregation, where the indi- 
viduals are not ‘polarized’, the school, where thoy 
are, and the pod, where the fish are m physical 
contact These types of groups are illustrated by 
outstandingly good photographs, those of pods and 
fish m ‘orderly files’ bemg the most interesting 
Descriptions of new work are mainly of the effect of 
light intensity and colour on a number of species and 
the analysis of the internal structure of schools In 
the experments on the effect of the wave-length of 
hght the fish were given a choice between different 
colours, the mtensity of the different colours being 
equated photometiically No attempt was made, by 
determining the spectral sensitivity of the fish, to 
equate the subjective mtensity, or mtensity as ıb 
appeared to the fish Of particular mterest are Dr 
Breder’s discussions on the leadership of schools, tne 
school as & super-organism and the evolution of 
schoolmg behaviour ‘There ıs also a section on 
schoolmg m terms of cybernetics, where the point 1s 
made that the survival of a species which has grouping 
tendencies should perhaps be considered from the 


* Bulletin of the American Museum of Natural History Vol 117, 
Article 6 Studies on Social Groupings ın Fishes By © M Breder 
Jr Pp 393—482 -+plates 70-80 (New York American Museum of 
Natural History, 1959 ) 1 50 dollars 


pomt of view of how they have got over the danger 
involved, rather than that such tendencies auto- 
matically have survival value 

Dr Loukashkm’s and Dr Grant’s work on Sar- 
dinops caerulea*, a species of great commercial m- 
portance, has much ın common with Dr Breder’s 
but 1s moie lmıted in extent It ıs again well illus- 
tiated with photogiaphs Like other clupeoids, 
Sardanops is not an easy subject for experiment, but 
results have been obtamed which show tbe import- 
ance of light fo. the mamtenance of school formation 
and that fright reactions are elicited by red lights 
and by flashing white hghts When given the choice 
between red, green, blue and white light, the fish 
avoided red and preferred blue and green to white 
As m Dr Bieder’s work, this technique has a 
limitation in that the mtensities of the different 
colours were not equated subjectively but only 
photometrically 

This type of behaviour work, which may be con- 
sidered important as an aspect of fisheries research, 
1s now being produced m much greater quantity than 
before the War, and ıt 1s particularly welcome to the 
fisheries research worker when it 1s concerned with 
species of commercial importance 

J. H S BrAXTER 


* Proceedings of the Cahfornià Academy of Sciences Vol 29, 
No 15 Behavior and Reactions of the Pacific Sardine Sardinops 
caerulea (Girard) Under the Influence of White and Colored Lights and 
Darkness By A S Loukashkin and N Grant Pp 509-548 (San 
Francisco California Academy of Sciences, 1959 ) 


THE ONTARIO RESEARCH FOUNDATION 


HE annual report of the Ontario Research 

Foundation for 1958 (pp 36 Toronto Ontario 
Research Foundation, 1959) imeludes, besides the 
report of the director, Dr H. B Speakman, a sum- 
mary of the work of the various sections, a list of 
papers published dung the year, the financial state- 
ment and details of the Board of Governors and 
professional and technical staff There 1s algo a list 
of grants for postgraduate studies ın science for the 
period 1958-59, for which grants in 1958 totalled 
145,204 dollars In biochemistry three major projects, 
dealing with the development of an all-temperatyre 
biseuxp spread for the Defence Research Medical 


Laboratories, tea, and the recovery of pure mdividual 
amuino-acids from wheat gluten afte: hydrolysis, were 
completed, and two major studies are in progress 
unde: the Rice Mills Fellowship In chemistry, activity 
was maintained at a high level The three-year survey 
of air pollution of the Hamilton area was completed, 
while the development of gas chromatography pro- 
ceeds apace In a study of factors controlhng the 
crystallinity of polymers, techniques developed for 
preparmg polymers of butane with 50 per cent of 
crystallmity are bemg used to study the relation 
between the type of catalyst and polymer structure 
A novel 10n-exchange process for recovering ammonia 
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from ammonia-base waste sulphite-liquor has been 
developed and a pilot plant constructed A compre- 
hensive study has been contmued of various sulphite- 
liquors and their fractions and has led to a patent 
app.cation , there have been utilization studies on by- 
product hgnin from the manufacture of vanillin, while 
research on phosphate glasses has been contmued m 
the Na,O—P.O;—H.0 system centred largely on the 
constitution of sodium acid glasses of mte:mediate 
composition, using filter paper chromatogiaphy 

In engimeering and metallurgy basic research was 
directed at the concentration of hematite by a 
combination of magnetic and mechanical methods 
or by roastmg methods followed by magnetic 
separation In work on dry magnetic separators the 
‘Fast Eccentric Drum Separator’ has been developed 
to the pomt of commercial production In basic 
research on the fatigue of metals three stages have 
been distinguished (a) the first four thousand 
cycles, (b) a slow steady decline in cyclograph 
(magnetic test), and (c) the last 15,000—20,000 
cycles in which the final crack is developmg A 
precision camera was designed and built for stress 
determination m X-ray work 

In the Department of Parasitology most of the 
work was a continuation of earher projects, and 
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persistent effort has provided an understanding of 
the prevalence and mode of transmission of some of 
the many parasites of Ontario's wild animals Similar 
studies on wild birds are in progress, and during 1958 
the blood parasite of ducks, Leucocytozoon swmondh, 
was successfully grown on tissue culture in test-tubes 
Continued studies of two types of blood parasites of 
birds have shown that certain types of black flies 
transmit them to ducks, while others transmit them 
to ruffed grouse In physics some fundamental work 
dealing with beams of electrons has been planned, 
while other projects mcluded development of an 
atmospheric X-ray spectrometer, design procedures 
for dynamic pressure stages, determmation of gas 
density by electron beams and high-energy appli- 
cations of election beams The Department of 
Physiography completed an extensive study of the 
fine sand fraction of representative souls and a five- 
year environmental study of soya bean is nearmg 
completion Research on the chemical modification 
of wool continued in the Department of Textiles as 
well as a study of the colour fastness of spun-dyed 
viseose yarn Good progress is reported m the 
standardization of women’s and children’s garment 
sizes fo. the Canadian Government Specifications 
Board 


INSTRUCTIONAL FILM RESEARCH IN PENNSYLVANIA 


HE Pennsylvania Instructional Film Research 
Program was established in 1947 and ter- 
minated in 1955 Jomtly sponsored by the US 
Army and Navy, ıt represents the largest piece of 
co-ordinated research yet carried out on the teaching 
film Accounts of the early part of the research 
have appeared m Nature! It 1s the purpose of this 
article to complete the outline record by reviewmg 
the last reports—now gathered into one volume? 
The later work follows directly on the earher, 
confirming it, filing m details and dealing with 
specific problems But some new and mteresting 
notions of a general sort arise m this process The 
very last studies, 100—104, deal with tramung aids 
such as models and other apparatus that are not films 
Two of the studies, 46 and 50, are related to the use 
of films m psychotherapy These two studies, as 
well as study 60, are concerned with films which 
influence attitude The mam classes of films dealt 
with m the research have been those which impart 
information and those which teach perceptual-motor 
skills 
A number of the studies yield information of general 
practical use For example, study 37 by Philip Ash 
and Nathan Jaspen—see report SDC 269-7-37— 
examines optimum viewing conditions Usmg a small 
rear projection daylight screen in teaching a per- 
formance skill—the assembly of a gun breech block— 
the optimum viewing area was found to be a sector 
60° wide and 12 sereen-widths deep Increasmg 
distance from the screen beyond 12 screen widths 
led to much sharper loss of teachmg effectiveness 
than moereasmg angle of view beyond that of the 60° 
boundary Outside the optimum viewmg area loss 
was greater under daylight than under dark viewing 
conditions These results may be compared with 
those found for a standard size screen and projector 
by J J Gibson? he found that within a sector up 


to 90° wide and 7 screen-widths deep there was no 
loss m teaching effectiveness 

The Pennsylvania film research organization has 
always stressed that teachmg films should be tested 
“with adequate samples of appropriate target 
audiences using reliable and valid tests", rather than 
by viewing panels Nevertheless, assessmg teaching 
effectiveness by a viewing panel remams often the 
only practical alternative Study 57 by L P Green- 
hill investigates such assessmg, and recommends a 
particular type of film analysis form (or question- 
naire), this panel testmg procedure bemg used to 
select the best of several films, or to improve the 
teaching effectiveness of a film still under production 
Study 59 by A L Edwards provides a statistical 
methodology which might be used when assessmg 
films by the panel method ‘The report on study 48 
about making simple demonstration films with 
untrained personnel includes—as an appendix—a 
‘manual for mmmum film production’ 

Infra-red photography offers an excellent means of 
recording audience reactions—of children and others 
—under conditions of little or no visibility But 
infra-red motion photography 1s expensive Study 56, 
by L P Greenhill, mvestigates the less costly use of 
infra-red memo-motion photography ‘This is essen- 
tially time-lapse photography The photographs were 
taken on 16-mm infra-red film at the rate of one a 
second, a rate which appears sufficiently frequent to 
show most types of human activity The record was 
synchronized with the events on the screen, by the 
synchronous drive of camera and projector, and more 
satisfacjorily by the use of a mirror reflecting a small 
image of the screen mto the camera—so as to appear 
at one corner of each memo record frame 

In one of the earher Pennsylvania studies‘ 16 was 
found that a rating profile for a film, showing peaks 
for an audience reaction of ‘I am learnmg? and 
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valleys for a reaction ‘I am not learning’, provided 
a vahd index of learnmg The subjectively based 
graph was found to be highly correlated with one 
based on the results of an objective learning test 
This findmg—although ıt has yet to be fully estab- 
lished—has considerable importance in connexion 
with film research, because ıt justifies a simple pro- 
cedure in place of the present elaborate one of 
objective testmg In some measure it ıs further 
confirmed by study 55 In this study, by Richard M 
Fletcher, ıt was found that a team of competent 
assessors could shorten film commentaries without 
reducing teachmg effectiveness considerably more 
when aided by a learning profile than when not so 
aided—ain one case 26 as against ll per cent How- 
ever, Richard M Fletcher says that the results of 
this study should be interpreted carefully In an 
interesting discussion of results he considers the 
mnplications of the reactions ‘I am learnmg’ and ‘I am 
not learning’ 

The notion of ‘realism’ as a factor mfluenomg the 
teaching effectiveness of films has received attention 
in early Pennsylvania studies, in relation to viewing 
angle’, stereoscopy* and colour? It emerges as a 
more conscious notion m the later work In study 49 
on the validity of pictorial tests and study 47 on the 
use of films m a Thematic Apperception Test, ‘icon- 
icity’ 1s considered This term derives from C. Morris’s 
work “A sign 1s iconic to the extent to which 16 itself 
has the properties of 1ts denotata! ” The study of the 
features and combmations of features that lead to 
hfe-hkeness m films has been called by the present 
reviewer 'sunulaeries' In hstmg eight hypotheses 
of film research it 1s possibly significant that the 
director of the Pennsylvania research should have 
given the sign similarity hypothesis first ‘That 
films whose signals. signs, and symbols have high 
degrees of smmilarity (‘1conicity‘) to the objects and 
situations which they represent will be more effective 
for most instructional purposes than films whose 
signals, signs, and symbols have low degrees of 
“‘iconicity’ 10, 

Report 40 provides a valuable bibliography of 
production, utilization and research on instructional 
films It contams about 600 references dating up to 
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the early part of 1952, arranged alphabetically by 
author 

One or two of the early Pennsylvania studies have 
been criticized on the grounds that they are directed 
towards findings that are obvious in the first place 
Perhaps more justifiably one or two other of the 
Pennsylvania studies have been criticized because 
they have been concerned with teaching m general 
rather than teaching with films m particular The 
Pennsylvania research includes relatively little basic 
research on the film medium itself In general the 
method has been to carry out experiments using the 
prevailing current picture-cum-commentary type of 
instructional film, and consequently to improve that 
type 

But such comment on isolated studies and minor 
aspects of the Pennsylvania research seems almost 
out of place m view of the enlightened way 1t has 
been directed and all 1t has accomplished In 1947 
there was no body of experimentally attested prm- 
erples about teaching films and no proved techniques 
of film research, which thanks to the Pennsylvania 
work exist now This work—which might so easily 
have been restricted to fulfilling hmuited trammg 
needs—has yielded results of value to teachers 
generally and to psychologists Credit is due to the 
associate directors C R Carpenter and L P Green- 
hill, who with some of their staff now form an organ- 
ization at Pennsylvania State University that has 
already mvestigated the use of closed-circuit television 
in university teachmg C Denis PEGGE 
"Peri D , Nature, 168, 775 (1951), 170, 962 (1952), 178, 937 
? Technical Reports SDC 269~7-37 -59 and SDC 269—7—-100 —304 i 


obtainable singly or ın one volume (SDC 269—7—61), from Special 
Devices Center, Port Washinzton 
? Gibson, J J , Report No 7, Army Air Forces Aviation Psychology 
Program (Washington, D C , Government Printing Office, 1947) 
“Twyford, L , Technical Report SDC 269—;-23 (Special Devices 
Center, Port Washington, 1951) 


ë Roshal, S_M, Technical Report SDC 269-7-5 (Special Devices 
Center, Port Washington, 1949) 

5 Cogswell, J P , Technical Report SDC 269-7-32 (Special Devices 
Center, Port Washington, 1952) 


* Vandermeer, A. W , Technical Report SDC 269-7-28 (Special 
Devices Center, Port Washington, 1952) 


° Morris, C , “Signs, Language and Behaviour", 349 (New York, 1946) 
° Pegge, © D, Audio-Visual Conmunication Review (in the press) 
Carpenter, © R., Audio-Visual Commumeation Reivew, 1, 1 (1953) 


BLOOD GROUPING OF THE REMAINS OF SWEDENBORG 


By MADELEINE SMITH 
Anthropology Section, British Museum (Natural History), London, S.W.7 


MANUEL SWEDENBORG was born on January 
E 29, 1688, and died ın London on March 29, 1772 
He was interred in the vault of the Swedish church 
in London His remams were disturbed on several 
occasions, an account of these was given by Hult- 
krantz! The coffin was first opened in 1790, and 
there ıs little doubt that this unauthorized action 
made the removal of the skull possible The vault 
was opened at least nine times between ths date 
and 1816 It has been suggested that a skull was 
stolen from the coffin on two occasions between 1816 
and 1817 In consideration of the vogue enjoyed 
by phrenology at this time, this 1s not a remarkable 
fact On the first occasion the mstigator was prob- 


ably the famous phrenologist Captam Holm, whose 
collection already included the skulls of Alexander 
Pope and Casimur Périer The presence of a Sweden- 
borg skull in his collection was disclosed to his niece 
m 1845, but regarded as a family secret There is 
some evidence that Holm introduced a substitute 
into the coffin In a letter to The Times of April 4, 
1823, Hawkins states thai the skull was removed in 
1817, by Captam Granholm, a Swedish sailor, for 
financial gam. On his death this skull passed into 
the possession of Wahln, pastor of the Swedish 
church ın London A skull claimed to be that of 
Swedenborg was m the collection of Charles Tulk, 
MP, in the years prior to 1823, and ıt is thought 
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possible that Wahlm gave 16 to him for safe keeping 
Tulk had casts made of this skull just before ıt was 
replaced in the coffin on March 25, 1823, ın the 
presence of Wahlin This ıs the skull now present 
in the coffin There ıs no conclusive evidence as to 
its authenticity im the documents available In 1908 
a letter was received at the Swedish Legation m 
London, from an individual claimmg to have seen 
Swedenborg’s skull in the collection of an antiquary 
m the 1870’s It would seem probable that this is 
the skull from Holm’s collection, but the evidence 
obtamed to date 1s not conclusive This skull was 
traced, and 1s now m. the possession of Dı Charlotte 
Brandt ‘Distinction between the two skulls would 
appear to be possible only by means of objective 
scientific tests These have now been undertaken 
by Prof Folko Henschen and his colleagues m 
Stockholm, and at his request blood group analysis 
has been carried out at the British Museum (Natural 
History) 

The material available from Uppsala consisted of 
portions of the parietal and mastoid bones of the 
skull (treated as one specimen in the blood grouping 
tests), a metacarpal bone, part of the right femur, 
fragments of a cervical vertebra and soft tissue from 
two regions of the right aim The last two samples 
meluded portions of cloth The Enghsh’ skull, which 
has been described elsewhere’, was entrusted to us 
by the present owner, Dr Charlotte Biandt Measure- 
ments of this skull are available in the records of the 
British Museum (Natural History) and a full de- 
seription will be published with the complete account 
of studies on the remains of Swedenborg in the Acta 
Regiae Socetatis Scientiarum, Upsahensis From this 
skull a section of the left parietal bone was cut out 
with a high-speed circular slittmg saw, and diploic 
tissue removed with a dental drill This method has 
allowed replacement of the section without visible 
evidence of the action of the saw or drill Tho removal 
of sufficient material for testing would not have been 
possible from a skull by other methods without visible 
damage Bone from the skeleton was also prepared 
by drilling o1 by pulverizmg in a mortar The flesh 
samples were separated as nearly as possible from the 
accompanying cloth with forceps 

The technique of blood groupmg employed is 
essentially similar to that discussed by Boyd and 
Boyd! and modified by Candela‘ for application to 
bone This technique 18 one m which evidence of the 
presence of a group specific antigen may be presumed 
if antiserum of suitable strength 1s inhibited in its 
activity with red cells of the appropriate group, after 
it has been in prolonged contact with the tissue 
sample Four naturally occurrmg human anti-A sera 
and four anti-B sera were used on each specimen, 
where the quantity of material available permitted 
this These were diluted to bring the resulting titres 
of absorbed and unabsorbed sera to a convenient 
level for titration purposes It was found that for 
any one serum these titres always fell within a range 
of three tubes Titrations were carried out with a 
fresh 2 per cent suspension of A, and B cells? In 
all cases these antisera were known to give satis- 
factory results with control material of known blood 
group (that js, typed during life) 

Candela’s technique has been slightly modified, as 
follows 02 gm of prepared tissue was placed in a 
75 x 10 mm tube and 0 4 ml antiserum added to 
each sample After careful mixmg the tubes were 
placed in the refrigerator for 24 hours, and at the 
end of that time centrifuged at moderate speed for 
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2-3 mm The supernatant was removed to a clean 
tube, using a Pasteur pipette with a small cotton- 
wool wad around the tip? If bone particles had not 
been completely removed, the tubes were re-spun 
Titration was carried out as described by Boorman 
and Dodd? Buffered saline contammg l per cent 
sodium azide as proservative was used throughout 
No result has been accepted as positive unless a 
consistent inhibition was observed with any one 
serum over the entire series of tests Results in all 
cases are based on a series of at least four tests on 
the same sample, usmg a technique of replacement 
of the same antiserum Table 1 shows the inhibition 
values for the femur fiom Uppsala, on one anti-A 
and one anti-B serum from the series Tt illustrates 
the standard of mhibition on which the determination 
of the blood group has been based 
































Table 1 
Serum 
Anti-A Anti-B 
Test No 
1 16 | 1 32 | 1 64 | 1 64 | 1 128 | 1 256 

1 + = x ++ t (+) 
Contiol | +++ + + ++ + w 

2 + s E ++ Té t 
Control ++ + w | ++ Ll ER 

3 (+) = = ttt} ++ w 
Contiol | +++ | ++ ss Ttt) tt w 

4 ++ (+) = ++ + vw 
Control ++ + W ++ + w 

















In at least one othe: laboratory anti-A seia aie 
reversed with anti-B sera on each sample (Gray, 
personal communication) This method could be 
umelable because of the presence of aleohol-soluble 
group substances in all sera’, and it has not been 
found to give clear results m this laboratory In 
using a replacement technique over a series of tests 
ib has been found possible to confirm or reject 
results which on first testng appear doubtful, and 
this method is therefore preferred 

The Uppsala remams were tested together, but the 
‘Enghsh’ skull was not obtamed at the same time, 
and was therefore tested in conjunetion with & 
further sample of the Uppsala skull at a shghtly 
later date All this material had a very fresh appear- 
ance, giving a strong smell on drilng The diploic 
tissue of the ‘English’ skull, m particular, appeared 
to contam a large quantity of organe matter, but 
when allowance had been made for the different 
environmental conditions im which each had been 
preserved, no difference of sufficient significance could 
be observed which would allow of any distinction 
in the historical age of the two specrmens (Table 2) 
Fluorescence under ultra-violet lamp showed no dis- 
tinction between the two skulls in comparison with 
the long bones 


Table 2 


Nitrogen content of the material 
Coffin skull 4 5-4 8mgm nitrogen per 100 mgm bone 
‘English’ skull 8 9-4 1 mgm nitrogen per 100 mgm bone 
Cofüinfemur 44- mgm mtrogen per 100 mgm bone 


In discussing the results obtained on these bones, 
ib js rglevant first to consider the present-day dis. 
tribution of the ABO groups in Sweden Jesper 
Swedberg, father of Emanuel, came from Dalekarha 
although his mother was of German origin Figures 
for this area of Sweden are available from the papei 
by Beckman!’ (Table 3) 
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Table 3 
| No. | 0 A B AB p q r Diea | 
Beckman (Kopparberg) (conscripts) | 7,952 39-04 44-05 11:54 4:46 38-98 8:36 63-36 + 1-33 
London* 37,216 4043 4157 0-16 285 2553 623 68-97 0-70 | 





* Means of six series quoted in ref. 9 (the small series of Dyke being omitted). 


lt will be seen from these figures that a high 
frequency of group A is characteristic of the popula- 
tion. Assuming the possibility that the Uppsala 
skull, if a substitute, may have been English, we 
must also consider the distribution of the ABO 
groups in London (Table 3). 

Inhibitions obtained from this material, although 
not strong, were consistent, with the exception of 
the flesh samples. In these, while a clear inhibition 
for group A was obtained, some inconsistent absorp- 
tion was seen with anti-B sera. Conclusions as to 
the blood group of the skeleton have been based, 
therefore, on the results obtained from the femur, the 
cervical vertebra, and the metacarpal bone. These 
give inhibition of all anti-A sera, and none with anti-B 
sera. The Uppsala skull shows the same result. The 
‘English’ skull failed to show any inhibition with 
any anti-B serum and with one of the four anti-A 
sera, and had ceased to inhibit the three remaining 
anti-A sera at the fourth test. In view of the very 
clear evidence offered with anti-B sera it is felt that 
the interpretation of these results may be made with 
confidence, and the presence of group A-specific 
substances postulated in all the samples. As has 
already been noted, the distribution of this blood 
group in the postulated areas of origin of the material 
made this result probable. It has not proved possible, 
therefore, to distinguish between the two skulls on 
the evidence afforded by blood grouping. 

In considering the possibility that these results 
may be due to the presence of contaminants, it must 
be borne in mind that in consideration of the known 
history of the bones, it might reasonably be inferred 
that they had not been buried in soil. The evidence 
offered by Thieme, Otten and Wheeler!’ on the action 
on group-specifie substances of certain anaerobic 
saccharolytic bacteria present in soil might therefore 
be considered irrelevant to the present study. It has 
been suggested that substances present in the soil, 
such as the Forssman antigen, may give results 
ascribable to group A substances", but no evidence 





Fig. |. The ‘English’ skull attributed to Emanuel Swedenborge 
(Norma lateralis) 


has been brought forward. Other sources of bacterial 
activity remain possible, however, and it was thought 
to be of interest to submit unlabelled samples of 
both skulls and of the femur from the coffin to 
Drs. Allison and Perkins, of the National Institute 
for Medical Research, for the detection of bacterial 
contamination. Acid hydrolysates of this material 
were submitted to paper chromatography, for the 
detection of muramic acid and diaminopimoelie acid. 
These are known to be constituents of bacterial cell- 
walls, but have not been detected in human tissues. 
These substances could not be shown to be present 
in the Swedenborg material. This result excludes 
gross bacterial contamination, but it remains to be 
shown whether the presence of bacteria in amounts 
sufficient to absorb blood group antibodies can be 
detected by the chromatographic technique. Should 
this prove to be so, the use of this technique in con- 
junetion with the blood grouping of tissues should 
prove a valuable tool to the palo-serologist. 

As it was reported (Henschen, personal com- 
munication) that large quantities of lead salts were 
present in the bones, & study was made on control 
material of known blood group to determine whether 
increased quantities of lead salts would affect the 
results of blood testing. The normal quantity of 
lead present in the long bones is 1:88 mgm. per 
100 gm. In a series of tests this quantity was in- 
creased until it reached twice the normal value. No 
effects on the results of blood grouping were noted. 

While the use of palwo-serological technique has 
proved its value in the identification of human re- 
mains, it has not contributed to any decision in the 
case discussed here. However, it has been established 
that on the basis of blood grouping the ‘English’ 
skull has an equal claim with the Uppsala skull to be 
that of Swedenborg, and that it should be included 
in further investigations. Tests being carried out 
in Sweden, under the direction of Prof. Henschen, 
may prove of greater assistance in distinguishing 
between the two skulls. It is expected that results of 
their examination will be published in the Acta 
Regiae Societatis Scientiarum Upsaliensis. 

Iam indebted to Mr. G. C. Ross for the estimations 
of nitrogen content of the bones quoted in this 
communication. 
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ABNORMAL HUMAN H/EMOGLOBINS 


Human Hemoglobin E: the Chemical 
Effect of Gene Mutation 


HREE of the many abnormal variants of human 

adult hemoglobin (A) oecur in high frequency 
in certain areas of the world. They are sickle cell 
hemoglobin (S), hemoglobin C and hemoglobin E 
(ref. 1). All these are thought to be caused by 
mutant genes inherited in a Mendelian manner. 
Such evidence as is available suggests that the genes 
for hemoglobins S and C are allelic or closely linked?. 
The only family so far known in which hemoglobin E 
oceurred with another abnormal hemoglobin (S) was 
one studied in Turkey by Aksoy and Lehmann?. The 
evidence for allelism, or close linkage, of the two 
genes was conflicting, but the authors felt that it 
was more in favour of allelism than against. 

Comparisons of the chemical structure of hemo- 
globins S and C with that of normal hæmoglobin (4) 
have not only confirmed the allelie nature of the 
hemoglobin S and C genes, but have also shown the 
effects of these mutations on the primary chemical 
structure of haemoglobin‘. We now wish to report 
similar studies on hæmoglobin E which we undertook 
in order to investigate the chemical effect of this 
mutation and the chemical and genetic relationship 
between hemoglobin Æ and the other abnormal 
hemoglobins. 

Hemoglobin E was discovered in 1954 by Itano, 
Bergren and Sturgeon? in an American patient of 
Guatemalan, Spanish and Hindu origin —and in his 
family—by its abnormal electrophoretic mobility. 
The gene for hæmoglobin Æ has since been found with 
high incidences among Burmese and Siamese and 
some Indonesian, Ceylonese and Malaysian popula- 
tions’. Single instances have been found in India, 
Persia, the Philippines*, and among the Eti-Turks? 
(who have a high incidence of the sickle cell gene). 
It is interesting to note that the hemoglobin E gene 
is found with high frequency in south-east Asia, where- 
as the hemoglobin S and C genes are found in 
highest incidence among the Negroes of Africa’, In 
other words, they are geographically widely separated, 
but all three forms resemble one another in occurring 
very much more frequently than the other abnormal 
hemoglobins. The chemical relationship between 
hemoglobins A, S and C was reported by us‘ to be 
very close indeed, since it involved a replacement of 
the same glutamyl residue in hemoglobin A by a 
valyl residue in hæmoglobin S and a lysyl residue in 
hemoglobin C. Since the countries in which the 
hemoglobin S and C genes occur are close together, 
and since the gene for hemoglobin Æ occurs mostly 
in a separate region, it seemed. possible that hemo- 
globin E is not so closely related to 5 and C. This 
was found to be the caso; a different part of the 
hemoglobin molecule is affected by the mutational 
change. 

On moving-boundary or paper electrophoresis at 
pH. 8-6 (ref. 7) hemoglobin E moves close to hemo- 
globin C but slightly faster ; on the other hand, at 
pH 6:5 its position is close to hemoglobin S, though 
just behind it. This contrasts with the behaviour of 
hemoglobins A, S and C, which migrate in the same 


relative order at pH 8:6 and at pH 6-5, hæmoglobin: 
A being the fastest and hæmoglobin C the slowest, 

The intervals between them are almost equal. Hence, 
the effective net charge difference between haemo- . 
globins A and E at pH 6-5 cannot be the same as that 
between hemoglobins A and C. The amino-acid 
compositions of hemoglobins A and E are not 
significantly different’. The number of sulphydryl: 
groups found by amperometric titration are the same. 
in both hemoglobins A and E (ref. 7) : the solubility : 
of hemoglobin E is about the same as hemoglobin 4 
(ref. 5). Hence the difference between the hsemo-. 
globins A and E is likely to be small and probably: 
involves charged groups. us 

In the present work, hemoglobin Æ from individuals : 
known to be homozygous for the hemoglobin E gene. 
was denatured by heat at pH 8. It was then digested . 
with trypsin at pH 8, following the course of the- 
breakdown by alkali uptake in a pH.stat*, At the: 
end of the reaction a core resistant to trypsin was. 
precipitated at pH. 6-5. Treatment with hydrochloric 
acid—acetone removed the hem group from the core, 
which could then be completely solubilized by 
digestion with chymotrypsin‘. 

Such tryptic and chymotryptie digests of hemos: 
globin E yielded mixtures of peptides which. were 
compared with those of hemoglobin A in two ways. 
First, they were separated by fingerprinting’, and | 
secondly, by paper electrophoresis in the pyridine— 
acetic acid buffer at pH. 6-4 (ref. 8) and examination 
of the peptide bands so formed by descending chrom- 
atography with n-butyl alcohol/acetic acid/water 
(4:1:5)*. : 

When fingerprints of the chymotryptie and tryptic | 
digests of hemoglobin E were compared with. those - 
of hemoglobin A, all the peptides occupied the same | 
positions except peptide 26, which had been replaced 
by a new peptide, called 26a, in the hæmoglobin E 
tryptic digest (Fig. 1). Separation of the peptides. 
by the second method revealed another new peptide, . 
called 26b, in the tryptic digest of hemoglobin E. 
It therefore appears that one peptide present in the 
tryptic digest of hemoglobin A is replaced by two 
new ones in hemoglobin E. No other changes have 
so far been found. Within the limits of our experi 
mental method‘, the amino-acid compositions of the 
unchanged peptides in the tryptic and chymotryptic | 
digests were found to be the same in hemoglobins A 
and E. : 

The hemoglobin peptides 4-26, E-26a and E-20b. 
were isolated by eluting the appropriate peptide. 
bands obtained by paper electrophoresis of the tryptic. 
digests at pH 6-4. The hemoglobin A peptide 26 
required no further purification. The hemoglobin E : 
peptide 26a was purified by repeating the electro- 
phoresis at pH. 6-4, and the hemoglobin E peptide 
26b by descending chromatography with n-butyl 
aleohol/acetic acid/water (4:1:5). ; 

The amino-acid sequences of the differing peptides 
were dètermined by the techniques of Sanger!? and. 
of Edman". Quantitative amino-acid analysis by | 
two-dimensional paper chromatography" showed. the 
composition of the hemoglobin A peptide 26 and. 
those of the hemoglobin E peptides 26a and 26b to 
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corresponds exactly to that of the 
hemoglobm A 26 peptide seg- 
ment except that the C-terminal 
lysme replaces the glutamic acid 
m hemoglobin A 26 peptide 

The occurrence of amide 
groups in these peptides has yet 
to be mvestigated, but the 
electrophoretic behaviour of the 
parent hemoglobins A and E 
suggests that the glutamic acid 
which is replaced has a free 
carboxyl group 

It is assumed that hemoglobin 
E contaims two equal half-mole- 
cules, as do hemoglobins A and 
S (ref 16) Fig 2 shows that the 
change in hemoglobm Æ resides 
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Haemoglobin A 
Fig 1 


be as shown in Table 1 The composition of the 
hemoglobin A peptide has been confirmed by analysis 
on the ‘Spmco’ Model 110 Moore and Stem automatic 
analyser When the compositions of the two hæmo- 
globin E peptides are added, they account for all the 
amino-acids present in the normal peptide with the 
addition of a single lysine residue in place of a 
glutamic acid 

Table 1 COMPOSITION OF HÆMOGLOBIN 4 PEPTIDE 20 AND OF 


HÆMOGLOBIN E PEPTIDES 264 and 26b (EXPRESSED AS RESIDUES 
OF AMINO-ACID PER MOLE OF PEPTIDE) 


Hemoglobin A Hemoglobin E 

peptide 26 peptide 26a 20b 
Aspartic acid 2 — 2 
Glutamic acid 2 — H 
Alanine 1 1 — 
Glyeme 3 1 a 
Leucine 1 1 — 
Vahne 3 — 3 
Arginine 1 1 — 
Lysine — — 1 


Partial amino-acid sequences of the peptides were 
obtamed from the results of partial acid hydrolysis, 
and end-group determunations of the fragments by 
Sanger's 1-fluoro-2,4-dinitrobenzene method? The 
N-termmal sequences of the hemoglobin A peptide 
26 and the hemoglobm E peptide 26b were found by 
examming the dinitrophenol-peptides obtamed by 
partial acid hydrolysis of the dimitrophenol-derrva- 
tives of the two peptides, and also by three steps of 
the Edman degradation" using the modification of 
Sjoquist?® The remammg portion of the sequence 
of the hemoglobin A peptide 26 was finally determined 
by digestion with elastase!^ and quantitative ammo- 
acid analysis? of the resultmg fragments When 
the peptide was heated in dilute acetic acid'^, 1t was 
found that nearly two molecules each of aspartic acid 
and valme had been split from the peptide, leaving 
the rest ntact As shown m Fig 2, rb 1s still not yet 
possible to give a complete sequence for the hamo- 
globin H 266 peptide, although peptides of structure 
glu(valgly) and val-gly must be fitted ito the 
undetermined region m some way It 1s highly likely 
that the sequence in the hemoglobm E 26b peptide 


. 
Hamoglobin 426  val-asp-val- asp-glu-val-gly -gly - glu - ala-leu-gly-arg 


Hemoglobin E 26b val-asp-val-(asp-glu-val-gly)-gly - lys 


26a ala-leu-gly-arg 


2 
Pg peptides 202 and 26b 


Haemoglobin E 
Tracings of fingerprints of the trypsin digests from hemoglobin A and E 


Amino-acid sequences of hemoglobin A peptide 26 an of hemoglobin E 


m a replacement of a glutamyl 
residue of hemoglobin A by a 
lysyl residue mm hemoglobin Æ 
This 1s the only difference so 
far detected among nearly 300 
amino-acids of the hemoglobin half-molecule The 
amuno-acid substitution is like that found m hemo- 
globin C (ref 4), involving a change of two charges, 
and the two protems have a simular electrophoretic 
mobility at pH 8 6, but in this case ıt occurs in a 
different tryptic peptide and hence m a different 
part of the protem molecule 

It 1s interesting to note that, just as m the case 
of hemoglobins S and C, the genetic mutation which 
1s responsible for produemg hemoglobm E expresses 
itself as a replacement of a single amuno-acid by 
another We can only guess that this alteration is 
somehow functionally important, and confers a 
selective advantage on its bearer which 1s sufficiently 
high to account for its frequent occurrence!! The 
chemical mechanism underlying the effect 1s as yet 
obscure The ammo-acid chango which we find 
explams the electrophoretic mobility of hemoglobin 
E at pH 8 6, but not 1ts behaviour at pH65 While 
1t cannot be stated with complete assurance that 
there ıs no other amimo-acid alteration m the hemo- 
globm Æ molecule, no other charge difference has so 
far been detected among the peptides, nor have any 
differences m ther amuno-acid compositions been 
found 

Aksoy and Lehmann? have suggested that the gene 
for hemoglobm Æ 1s an allele of, or closely linked to, 
the gene for hemoglobm S (and hence to that for 
hemoglobin C) In these last two proteins the change 
m the identical amino-acid suggests that the mutations 
occupy identical loci m the deoxyribonucleic acid 
chain forming the hemoglobm gene The locus of the 
hemoglobm Æ mutation ıs likely to be some distance 
away from the S and C loo, but may, nevertheless, 
be closely lmked ın the usually accepted genetic 
senso The finding that peptide 4 (hemoglobin S 
and C mutations) and peptide 26 (hemoglobn E 
mutation) are found to be m the same B-peptide 
chain of hemoglobin!? supports the idea of close 
hnkage 

We wish to thank Drs H Lehmann and E R 
Huehns (London) for generously supplymg the 
samples of hemoglobm # used in this 
investagation, Dr G Braunitzer (Munich) 
for his gift of a large quantity of hæmo- 
globm A peptide 26, and Drs M F 
Perutz and F H C Cnck (Cambridge) 
and Dr H Lehmann for then helpful 
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Hamoglobin ‘Bart’s’: a Foetal Hemoglobin 
without «-Chains 


Iw a previous communication. one of us reported! 
that normal foetal hemoglobin (F) consists of two 
kinds of polypeptide chains One of these (a) is 
identical with the «-chain of adult hamoglobm, while 
the other (y) 1s different from 10s adult counterpart (B) 
and seems to be characteristic of the foetal form 
(To avoid confusion ın nomencla- 
ture of the hemoglobin chams, 1% 
has been decided to call the chams 
of hæmoglobin F, « and y and not 
« and ®-foetal as m ref 1) A foetal 
hemoglobin with an abnormally 
high anodie electrophoretic mobility 
was discovered at St Bartholomew’s 
Hospital ın an mfant whose red-cell 
morphology 1esembled that seen in 
thalassemia? It was called hemo- 
globin ‘Bart’s’ We have now found 
that this consists of y-chams only 

Fresh blood from an infant with 
hemoglobm ‘Bart’s’ was made 
available by the courtesy of Dr Hf 
Kohler, of Birmingham A purified 
solution, contaming about 4 mgm 
of hæmoglobin ‘Bart’s’ m 15 ml, 
was obtamed by elution from paper 
electrophoretograms ‘This solution 


was adjusted to pH 6 9 and heated Bes 
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in a boiling water-bath for 20 mun to precipitate 
the hemoglobin This was dissolved i 01N 
hydiochloric acid and the hem extracted with acid 
acetone? The dried globin was suspended in 0 6 ml 
of 2 per cent anxnonium bicarbonate buffer at pH 
7 9, and digested by addition of 0 05 mgm of trypsm 
at 38°C After 2 hr the solution was evaporated 
and re-evaporated from acetic acid to sublime the 
ammonium carbamate formed A solution of chrom- 
atographically purified hemoglobin F (ref 1) of the 
same concentration was treated in exactly the same 
way m a parallel experiment The digests were 
compared with a normal tryptic digest? of hæmo- 
globm F by both one-dimensional paper electro- 
phoresis at pH 6 4 and by fingerprinting* 

The ‘fingerprint’ of hz:emoglobm ‘Bart’s’ 18 shown in 
Fig 1 m comparison with those of hemoglobin F 
and the «- and y-chains of hemoglobin F' (ref 1) It 
1s apparent that all the «-cham peptides are missing 
from hemoglobin ‘Bart’s’ and that ıt consists solely 
of y-chains Its sedimentation constant is indis- 
tinguishable from that of A (R A Kekwick), which 
suggests that its molecular weight is about 68,000 
and the globin a tetramer 

Jones, Schroeder, Balog and Vinograd* have found 
that hemoglobin H consists solely of B-chains of adult 
hemoglobin associated in a tetramer Hemoglobin 
‘Bart’s’, therefore, is the exact counterpart in the 
foetal system of hemoglobm H im the adult system 
Hemoglobin H ıs only found in the presence of the 
gene for thalassemia The blood picture of infants 
with hemoglobin ‘Bart’s’ ıs like that m thalassemia, 
but this does not persist mto later life, nor do the 
children develop an abnormal hemoglobm There 
aie then two possible explanations for the production 
of an all y-cham hemoglobm There may be an 
over-production of the y-chains However, from oux 
present data we cannot be certam that there does 
not exist a small chemical difference between the 
y-chains m hemoglobm ‘Bart’s’ and those m hemo- 
globin P Alternatively, the production of «-chains 
may be mhibited, m which case, since the children 
with hemoglobin ‘Bart’s’ do not develop hemoglobin 
H, the «-chains of hæmoglobin A and F, although 
chemically identical, do not appear to bo controlled 
by the same gene Thus in a Greek boy with thalas- 
sæma in whom, as is typical for this condition, 
hemoglobin F had persisted beyond the age of 
infancy, a small amount of haemoglobin *Bart's' was 
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Several infants with hemo- 
globin ‘Barts’ have now been 
seon, always associated with nor- 
mal hemoglobin F, and it 1s ınter- 
esting that m these mfants the 
) Y-chaimns of foetal hemoglobm 
should be capable of a separate 
existence, even though «-chains 
are bemg produced for both hemo- 
globins A and F No reports of 
hemoglobin consisting entnely of 
«-chains have yet appeared, but it 
would not be surprismg if such 
chains could also exist on their own 

One of us (J A H) 1s grateful 
to the Medical Research Council 
for a scholarship 
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Fig 2  Traeings of fingerprints of the tryptic digestions of the chains of hemoglobin F 


also found but no hemoglobm H° This could be 
interpreted as demonstrating the mdependence of vhe 
production of the «-chains for hemoglobins A and F 
On the other hand, in an adult woman fiom Israel 
with a thalassemia-lke blood picture, more than 80 
per cent of hemoglobm A and only traces of hamo- 
globm F were found, but 8 per cent of hemoglobin 
‘Bart’s’ and 5 per cent of hemoglobm H” Of her 
four children one also possessed hemoglobms A, 
‘Bart’s’ and H, but only a trace of F This represents 
a strong inhibition of the fcetal «-cham formation 
with only a weak inhibition of that of the a-chams 
for hemoglobin A 
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MECHANISM OF IMMUNOLOGICAL UNRESPONSIVENESS 
By Pror. CHARLES F CRAMPTON*, FRED R FRANKEL and Mrs J. L RODEHEAVER 
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ONDITIONS of immunological unresponsrveness 
which vary m specificity, completeness and 
duration have been mduced ın new-born rabbits by 
admimstermg small amounts of soluble protems at 
birth!4, and in adult rabbits by the mjection of 
massive doses* of antigens, or by the prolonged 
admimstration of moderate amounts of antigens’? 
In the hope of emphasizing pathways of antigen 
distribution that are essential for the establishment 
of an immune response, studies were undertaken to 
determine whether the fate of labelled antigen in 
unresponsive rabbits differs from the fate m normal 
rabbits which are potentially responsive? For this 
purpose, New Zealand white rabbits were rendered 
specifically unresponsive by means of repeated mtra- 
peritoneal injeetions of 1odoprotems begun withm 
12 hr of birth? The 1odo-ovalbumin and the 10do- 
bovine serum albumm which were mjected contain 
8-10 per cent of i0dine and when injected intra- 
peritoneally to normal adult rabbits they consistently 
evoke the production of preciprtatmg humoral anti- 
bodies specrfic, ın part, for ther determinante diodo- 
tyrosine residues 
In no case, however, were precipitating antibodies 
found in the sera of rabbits which had been injected 


LJ 
* Scholar ın Medical Science, The John and Mary R Markle 
Foundation 


repeatedly 4-6 months from the tıme of birth The 
methods used to trace the 1odoprotems were essentially 
the same as those employed in previous studies® 
Preparations of the 10doprotems labelled with 10dine- 
131 were mjected intravenously to normal and un- 
responsive rabbits Measurements were made after 
intervals of 2 mun -24 hr of that portion of the 
persisting 10dine-131 that was insoluble m aqueous 
7 per cent trichloracetic acid and m neutral alcohol 
and acetone Because the radioactive 10odme 1s an 
integral parb of the determunant groups of the 10do- 
proteins, it is felt that measurements of protem- 
bound iodine-131 trace the fate of material that is 
potentially antigenic, possibly m contrast to measure- 
ments of the total persisting isotope It was found 
that the labelled 10doprotems were eliminated from 
the blood and distributed among the organs of 
unresponsive rabbits ın the same way as m normal, 
adult rabbits After a day, less than 0 5 per cent of 
the total injected 10doprotem remained in the blood 
of rabbits of both types Since the mnabihty to form 
antibody immduced by the present procedures does not 
result ın & persistence or ‘tolerance’ of the antigens 
in the unresponsive rabbits, there 1s no evidence that 
the 10doprotems are ‘recognized-as-self’? by the un- 
responsive rabbits, or that the unresponsiveness 
depends on a mechanism for elimmating the 10do- 
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protems more rapidly than normal Inasmuch as 
the patterns of intracellular localization in the cyto- 
plasmic granules of the livers and spleens of the 
unresponsive rabbits were exactly the same as 
those observed previously with 10do-ovalbumm and 
certain azoproteins®.!°, it 1s clear that the presence 
of foreign antigenic material in cytoplasmic granules, 
while possibly a condition that precedes or 15 necessary 
for antibody formation, ıs not m rtself a condition 
that leads mevitably to the production of measurable 
amounts of precipitating antibody 

Of the many possible mterpretations of these 
findings only one will be considered, namely, that 
the presence of antigen or haptenic fragments of 
degraded antigen may actually function to forestall 
antibody formation It 1s proposed that antibody 
formation is mitiated as usual in a small number 
of susceptible cells whenever normal or unresponsive 
rabbits receive antigen However, the first molecules 
of antibody that are formed are hkely to encounter 
cytoplasmic gianules that contam residual antigen 
derived from the final mjection, or (m the case of 
unresponsive rabbits) partially degraded haptenic 
residues remaining from previous injections of antigen 
Intracellular antigen-antibody reactions at appro- 
pri&:e loci could release the hydrolytic enzymes that 
are normally retained withm the membranes of 
granules such as the lysosomes? 

If the damage inflicted on essential structures by 
the reaction itself, or by the enzymes released or 
activated through the reaction, were sufficient to 
annihilate such cells, there would fail to be established 
& permanent line of cells that possessed the specific 
information necessary for antibody formation durmg 
the time when undegraded, antigenically potent 
antigen was still present mn the rabbit Direct evidence 
is already at hand that the addrtion of antigen to 
tissue breis or to sera that contam specific antibody 
results im the activation of proteases!?-15 It is 
anticipated that a similar activation will follow the 
addition of antibody to sera, to homogenates of tissue, 
or to subcellular fractions that contain specific anti- 
gen Damage by proteases that are activated by 
immunological reactions has been suggested repeat- 
edly over the yesrs!4!* as a reasonable basis for 
pathological changes at the tissue-level that occur m 
states of hypersensitivity The present suggestion 
1s that under certam conditions such damage would 
not extend beyond individual cells m which antibody 
formation had been initiated The fact that mduced 
momunological unresponsiveness 18 not permanent, 
unless antigen ıs continually admmustered’, 1s attri- 
buted to the gradual loss (by degradation or by 
dilution) of haptenie residues from the potential 
antibody-formung cells, or to a fortuitous asymmetric 
distribution to daughter cells of the discrete granules 
that contain the antigen 

Many moro data are required before ıt will be 
possible to decide whether a number of phenomena 
already recorded ın the literature are manifestations 
of some of the cellular events postulated here 
Insurmountable difficulties may confront attempts 
to assign microscopically visible effects unequivocally 
to macroscopically umposed causes, particularly when 
the effects that are judged as pertment to the argu- 
ment could be exceedingly rare events Nevertheless, 
it may be significant that degenerating, fragmented 
nuclei are found beside viable, primitive cells m the 
germinal centres of the lymphoid follicles, particularly 
durmg the natural immunization that accompanies 
bacterial infections!? This paradoxical phenomenon 
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1s enhanced by mmunization with antigens ordinarily 
regarded as mnocuous Since a few molecules of 
antigen may be adequate to mitiate antibody forma- 
tion, while a relatively large amount of antigen may 
be required to ensure complete anmhilation of 
antibody-formmg cells, it 1s possible that the remark- 
able action of adjuvants (see ref 18) 1s to mimimize 
the flood of antigen into the cytoplasmic granules 
of potential antibody-forming cells so that survival 
18 more probable if the 1mprobable events occur that 
culminate in antibody formation 

It ıs noteworthy that application of the fluorescent 
antibody techniques of Coons to adult rabbits has 
shown that antibody 1s rarely detectable m cells that 
take up antigen, where devastatmg intracellular 
antigen-antibody reactions would be possible? 
Moreover, the antibody withm germmal centres of 
stimulated lymph nodes is hmited not only to in- 
dividual cells, as in the medullary area, but occurs 
also “‘over an area of the folhele mvolving a number 
of cells in an mdistinct way, often with a particulate 
distribution between the cells as well"? Antibody 
distributed ın this manner may correspond to debris 
from cells which undertook antibody production 
while excessive amounts of antigen were still present 
m cytoplasmic particles On the other hand, antibody, 
but rarely antigen, ıs easily detected ın members of 
the plasma cell series’? The superficial myury that 
plasma cells are hable to suffer as a result of an 
extracellular antigen-antibody reaction, rather than 
causing cell death, may form what 1s frequently over- 
looked by many theorists, a concrete basis for the 
specific prolferative stimulus that must underlie the 
secondary response The mechanism which must be 
modified (or selected) m order for appreciable amounts 
of antibody to be formed appears to reside in cells 
that are highly sensitive to X-rradiation Once ıb 
18 established, however, the antibody-forming mech- 
anism is remarkably radioresistant®™ Although cells 
with different morphological properties appear to be 
involved at the begmning and at the end of the overall 
process of antibody formation, the striking qualitative 
differences of these cells with respect to radio- 
resistance might depend upon the cellular locus of 
antigen-antibody reactions, rather than a funda- 
mental change m cell type Perhaps death ıs an 
mevitable sequel to X-ray damage m cells that are 
also damaged by intracellular antigen-antibody 
reactions, while antibody-formung cells may survive 
X-rrradiation in the absence of additional mtra- 
cellular damage fiom antigen-antibody reactions 
Very recently, 1b was suggested?? that X-1rradiation 
destroys withn mimutes the ability of cells in 
lymphatic tissues to derive energy from nuclear 
phosphorylation reactions The mtracellular antigen— 
antibody reactions postulated here might be expected 
m addition to derange alternatrve, cytoplasmic 
reactions that otherwise could have produced energy 
utihzable for survival and for eventual repair of the 
X-ray damage 

Many previous theories of antibody formation 
have failed to provide adequate explanations for the 
fact that the secondary response 1s more mtense than 
the primary response (for a discussion, see ref 19) 
On the other hand, certam versions of the ‘selection 
theory’s which currently enjoys much favour?, 
appear to neglect the same fact viewed from the other 
direction, that the primary response ıs much less 
intense than the secondary response In the outhne 
of the proposals presented here, the secondary 
response is assumed to depend upon a stimulation to 
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proliferate that 1s selective for lmes of cells that 
have inherited, or otherwise acquired, the specifie 
information needed to synthesize antibody, which 
information was iutially established in the few 
surviving cells that were modified as a result of the 
primary encounter with antigen The absence of a 
“suitable environment’’*4 that was postulated to 
account for the failure of appreciable formation of 
antibody m new-born rabbits, even when competent 
cells were transferred from normal adult donors, may 
depend upon a possible deficiency of metabolites 
essential for survival and necessary to reparr the 
intracellular damage caused by antigen-antibody 
reactions m individual cells where antibody forma- 
tion was initiated 

That transfer to new-born rabbits of lymphatic 
tissue from immunized donors 1s followed by forma- 
tion of antibody*4 would depend upon the existence 
1n the transferred tissue of cells in which the antibody- 
forming mechanism 1s free from potentially lethal 
intracellular antigen Natural tolerance towards 
self-materials and experimentally mduced tolerance 
towards homografts, where many of the antigeme 
determmants that are mvolved still await chemical 
characterization, may also depend upon the selective 
destruction of cells m which auto-antibody formation 
18 initiated The accidental survival of a few such cells, 
if followed by the passage of the antibody-forming 
mechanism into cells that are umpervious to ‘antigen’, 
would explain the development of conditions of auto- 
immunization 

The finding that 10doprotems appear to undergo 
the same fate m unresponsive rabbits as m normal 
rabbits has suggested simple mechanisms which 
mught account for specifie unresponsiveness and for 
a number of other immunological phenomena How- 
ever, 1t is clear that the experments have not clarified 
the ultimate problems of where and how the informa- 
tion necessary for the synthesis of a specific combing 
site 18 materialized, or whether this information exists 
m cells prior to à primary myection of the antigen. 
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A complete and more critical account of the exper1- 
mental studies which form the basis of this dis- 
cussion 1s being prepared for publication This work 
was supported by the Umted States Public Health 
Research Grants H-1296 and H-1296(C) We are 
indebted to Dr Joshua L Edwards for many 
informative and stmnulatmg discussions, and for 
making available the opportunities and facilities that 
made the studies possible One of us (F R F ) has 
recerved support from US Pubhe Health Service 
RG-4801 (C251) [May 13 
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HYDROGENATION OF LIPIDS BY RUMEN PROTOZOA 
By Dr. D E WRIGHT 


Plant Chemistry Division, Department of Scientific and 


T has been observed by several workers that 

dietary unsaturated fats are modified in the 
rumen by hydrogenation Shorland, Weenmk and 
Johns! found that the fatty acid composition of 
ingested plant material was considerably changed by 
rumen contents In particular, the high content of 
hnoleme acid was markedly reduced, bemg converted 
mainly to stearic acid This work was confirmed by 
Shorland, Weenink, Johns and McDonald? when they 
demonstrated that rumen contents in vitro could 
hydrogenate oleic, molec and linolenic acids Other 
studies on hydrogenation include those by Hoflund, 
Holmberg and Sellmann? using cows fed linolenic acid, 
Reiser and Reddy* with goats fed on a diet supple- 
mented with unsaturated ois, and more recently 
Garton, Hobson and Lough® with sheep The 
type of muicro-organism responsible for the ehydro- 
genating activity has not been determined in these 
studies 

It has been observed that some species of protozoa 
are able to imngest chloroplasts? Since chloroplasts 
are rich m hpid material, particularly unsaturated 
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fatty acids, ıt was thought likely that these cihates 
may be responsible for at least some of the hydro- 
genation occurrmg m the rumen 

Rumen contents were collected from a rumen- 
fistulated cow fed on fresh red clover (Trofoluum 
pratense) and the protozoa allowed to settle by 
gravity Microscopie exammation of the protozoa 
showed a mixed population of holotrichs and ohgo- 
trichs, the latter group bemg mamly Epidinia Washed 
suspensions of the ciliates were prepared by the 
procedure described by Oxford! usmg an acetate—bi- 
carbonate—phosphate buffer contammg penicillin and 
neomyem After washmg to free them of bacteria, 
the protozoa were suspended in the buffer with 
antibiotics to which the substrate and clover starch 
were added ‘The flasks were incubated under carbon 
dioxide at 38° or 4° After overnight mcubation, 
the hpid material was extracted from the solution 
by acidifymg with hydrochloric acid and extracting 
with petroleum ether The fatty acids were isolated 
by the usual methods and them iodine numbers 
calculated by the Hanus procedure Under these 
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Table 1 HYDROGENATION OF SODIUM LINOLEATE AND LINSEED OIL 
BY A SUSPENSION OF RUMEN PROTOZOA 





Iodine 
number 


162 6 
101 2 


160 0 
120 0 


Incubation 
temperature 


Substrate 


4? Sodium linoleate 
38° Sodium linoleate 


4° Linseed ail 
38° Linseed oil 








conditions, hydrogenation of both linoleic acid and 
linseed oi was found (Table 1) 

The hydrogenation of chloroplast fat was next 
examumed by meubating protozoa with chloroplasts 
A suspension of chloroplasts was prepared by grinding 
freshly picked red clover leaves ın an end-runner mill 
with a sucrose—phosphate buffer solution’? After 
removing the fibrous material by filtration through 
muslin, the filtrate was centrifuged at 100g for 10 mm 
to remove large plant particles and the supernatant 
centrifuged at 1,500g for 20 mm to sediment chloro- 
plasts The'chloroplasts were suspended in the acetate— 
biearbonate-phosphate buffer plus antibiotics and 
equal volumes added to two 100-ml conical flasks 
contaming washed protozoa suspensions, one of which 
had been placed m a boiling water-bath to destroy 
enzyme activity The flasks were flushed with carbon 
dioxide and then mcubated at 38° C , provision bemg 
made for the release of gas from the flasks 

After imneubating overnight, the boled control 
sample was still green 1n colour, but the test sample 
was coloured yellow, indicating breakdown of chloro- 
phyl The samples were freeze-dried and the lipids 
extracted by boilmg with diethyl ether The ether 
solutions were evaporated to dryness, taken up in 
petroleum ether and the solvent removed «^» vacuo 
The lpids were saponified and fractionated into 
water-soluble, non-sapon:fiable and fatty acid frac- 
tions The fatty acids were converted to the methyl 
esters and analysed by gas-hquid chromatography 
Considerable differences were noted between the test 
and control sample fatty acids (Table 2) 

The composition of the C!* acids in the boiled 
control sample ıs typical of red clover chloroplast 
lipid (Weenmk, R O, personal communication) 
Table 2 COMPARISONS BETWEEN C'* FATTY AOID COMPOSITION OF 
CHLOROPLAST LIPIDS INOUBATED WITH LIVE OR DEAD RUMEN 


PROTOZOA 
Fatty acids weight per cent 








! Unsaturated 
Sample + Saturated 
Chloroplasts on- di- tri-ene 
Live protozoa 175 10 6 27 6 44 3 
Boiled protozoa | 107 162 28 70 3 
Difference +68 —5 6 +24 8 —26 0 
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There has been considerable conversion of triene acid 
to diene acid and monoene to stearic acid Only a 
shght conversion of diene to monoene seems to have 
occurred This is rather surprismg since it was 
shown above that protozoa could hydrogenate 
lmoleic acid Reser! suggested that rumen contents 
convert linolenic acid merely to linoleic acid although 
Shorland e£ al! showed further hydrogenation of 
hnoleic acid to monoene and saturated acids Since 
a considerable amount of Imolenic acid still remained. 
m these protozoa experiments, there must have been 
an excess of unsaturated lipid present and ıt may be 
possible that the enzyme or enzymes responsible for 
hydrogenation show some degree of specificity and 
attack the triene and monoene acids preferentially 
Since httle 1s known about the mechanisms of enzymic 
hydrogenation, this must remaim speculative at the 
moment 

The non-saponifiable material from both samples 
was yellow m colour, had similar intensities and 
spectra typical of a carotene-xanthophyll mixture 
In spite of the carotene bemg highly unsaturated, 
little hydrogenation of the pigment has occurred 
This 1s m agreement with the observations made by 
Shorland, Weenmk, Johns and McDonald? 

In spite of attempts to wash the protozoa clean 
of external bacteria, some bacteria were undoubtedly 
present inside the cilates Them role ın hydrogenation 
ig difficult to assess, but ıt seems-hkely that they 
were not present in great enough numbers to have 
much effect Prelimmary experrments using washed 
suspensions of rumen bacteria suggest that bacteria 
do not contribute a great deal to the hydrogenation 
occurring in the rumen It 1s interesting to speculate 
whether fluctuations ın the population of protozoa 
could be correlated with the seasonal variation m 
iodine numbers of milk fat noted m New Zealand? 

Further studies on the role of bacterià and in- 
dividual species of protozoa m hpid metabolism are 
in progress I would lke to thank Miss J Michael 
for technical assistance, and Dr J C Hawke and 
Miss J Cook, of the Fats Research Laboratory, 
Wellington, for the gas—liquid chromatography data 
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FORMATION OF THE PORPHYRIN RING 


By Pror JONATHAN B. WITTENBERG* 
Departments of Physiology and Biochemistry, Albert Einstein College of Medicine, New York 61, New York 


T ıs generally agreed that the naturally occurrmg 
porphyrms arise through the condensation of four 
molecules of porphobilmogen (I) However, ıt has 
proved very difficult to formulate a sequence of 
reactions leading uniquely from porphobihnogen to 
the type III and type I porphyrms Several years 
before any of the reactions leadmg to porphyrm 
* Senior Research Fellow (SF 57), US Public Health Service 


formation were recognized, Turner! had realized that 
the essential clue to the understanding of the cychza- 
tion of the porphyrm ring was to be found m the 
behaviour of tripyrrylmethanes, established by 
Corwin et al??  Shemin, Russell and Abramsky* 
and Bogorad and Granick* have elaborated these 
ideas Jn the course of the isolation of isotopically 
labelled hæmın from duck red blood cells, Shemm 
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and I (unpubhshed work) en- 
countered a colourless, stable, 
intensely radioactive, protem- 
bound materal, which was 
thought to be & polypyrrole 
On the strength of this finding, 
compounds contamung several 
pyrrole rings were considered 
as possible intermediates m the 
condensation of porphobilmo- 
gen (I) to the uroporphyrimo- 
gens (IV, V), the parent 
substances of the porphyrms 
If Tuiner's tripyrryl-methane 
hypothesis 1s coupled to the 


8 
HaNCH; 





idea that the rearrangements CZ 4 
leading to the type III po- e $ 
phyrms occur wiıthm a smgle P= 

large molecule, a mechanism NH + 
for porphyrm formation a= 

emerges which not only satis- & e 


fies all the chemical reque- 
ments put forth below but also 
provides a rational interpreta- 
tion of the results of Bogo- 
rad's*? elegant enzymatic 
studies This formulation has 
the virtue that it reveals the 
unique structure of the type III 
porphyrins to be a necessary 
consequence of the chemical 
structure of the key mte- 
mediate, a cyclic octapyrrole 
(ILL), m therr formation 

The primary requirement to | | 
be fulfilled by the octapyrrole 
hypothesis ıs that 16 must lead 
to the formation of only type 
III and type I uroporphyrmo- 
gens (V and IV respectively) 
since type II and IV isomers are 
not formed enzyratically?, 
and type II and IV porphyrms 
do not occur m Nature 
Furthermore, the isomeric 
specificity must be mdependent 
of the action of enzymes and ieside m the chemical 
nature of the reaction since, in the presence of hydro- 
chloric acid, (I) ıs converted largely to (V), with the 
formation of lesser amounts of (IV)!%11_ These condi- 
tions are met by reactions 4, 5 and 3 In addition, 
the octapyrrole hypothesis fulfils all the following 
subsidiary requirements all four pyrrole rings of 
the poiphyrm must arise from a smgle common 
precursor (I), m agreement with the very exact 
equivalence of the isotope concentrations in the 
neutral and acidic pyrroles of hemm formed fram 
isotopically labelled precursors®}213 ^ All of (I) 
consumed in the reaction must be converted to 
porphyrin without the obligate formation of pyrrole 
by-products, ın agreement with the more than 90 
per cent** or 80 per cent? conversion of (I) to por- 
phyrins achieved enzymatically, or the 77 5 per cent 
conversion achieved in the presence of hydrochloric 
acid’! All four of the methene bridge carbon atoms 
must be derived from the aminomethyl side-chain of 
(I), 1n agreement with the isotope data’ 

Most of the schemes of porphyrm formation 
hitherto proposed (refs 4, 5, 11, 17, and reviewed 
in refs 15, 16) do not account for the formation of 
porphyrms I and III uncontammated by other 


ro 


(IV) 
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A= -CHCOOH 
-CH2CH2COOH 





2I IZ 








isomers, nor can they account for the very high 
yields of uroporphyim-III formed from porpho- 
bilinogen 

Formaldehyde may be a product of the enzymatic 
and non-enzymatic conversion of (I) to porphyrins 
This would constitute strong evidence against the 
present proposal only if the formaldehyde were 
shown to arise m stoichiometric amounts from the 
ammomethyl group of (I) 

The octapyrrole hypothesis may be stated in 
conjunction with Bogorad’s recent enzymatic work?-? 
He finds’ that the enzyme porphobilinogen deaminase 
converts (I) to (IV) However, since a second enzyme 
named ‘uroporphyrmogen isomerase’ has as its sole 
substrate a product (different from IV) of the action 
of porphobilmogen deamunase on (I) (ref 8), ıt appears 
necessary to postulate that an as yet undetected 
colourless compound is the primary product of the 
action of porphobilhnogen deammase The structure 
of this material must be such that 1t 18 easily con- 
vertible, either spontaneously or under the further 
action of porphobilinogen deaminase, to (IV) (reac- 
tion 5) The suggestion is advanced that this 
unknown compound is the lmear tetrapyrrole (II), 
and that the primary action of porphobilnogen 
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deammase is to convert porphobilmogen (I) to a 
linear tetrapyrrole (II) (reaction 1) 

The enzyme ‘uroporphyrmogen isomerase’ acts to 
yield uroporphyrmogen-IIT (V) as its first detect- 
able produet$? The suggestion is advanced that 
the function of this enzyme is to condense two 
molecules of (II) (reaction 2), thus mtroducmg the 
two tripyrrylmethane structures of (III), and the 
primary product of 1ts action 18 the cyehe octapyrrole 
(IIL) The eyehe octapyrrole 1s considered to undergo 
re-arrangement, either spontaneously or under the 
further action of the ‘uroporphyrinogen isomerase’ 
preparation, to yield two molecules of uropor- 
phyrmogen-IIL (V) (reaction 4) (An analogous 
reaction leading to (IV) (reaction 3) will be shown to 
be less probable ) 

The overall result of this sequence of reactions 18 
the interchange of the pyrrole moieties destined to 
form rings D of the porphyrins between two tetra- 
pyrroles, with a consequent reversal of the position 
of the rmgs D, relative to the other pyrrole rings of 
the tetrapyrroles 

An approximate model of (III) demonstrated that 
reactions 4 and 3 can take place only if the two 
asymmetric tripyrrylmethane carbon atoms are of 
the same configuration, and that if this 1s so the 
two ‘branch’ pyrroles must he on the same side of 
the plane of the major ring The entire structure 
can be bent so that the ‘branch’ pyrroles pass each 
other and ther ammomethyl groups are brought mto 
apposition with the alpha positions of the pyrroles 
opposite ın the rmg ‘The simultaneous attack of 
both ammomethyl groups on the appropriate pyrrole 
alpha carbon atoms (indicated by arrows m the figure) 
with consequent scission (dicated by dotted lines) 
of both tripyrrylmethane moieties leads to rearrange- 
ment of (LII) to two molecules of (V) (reaction 4) 
The preferential formation of uroporphyrmogen-ITT 
(V) would appear to be a consequence of interactions 
between the carboxyethyl side-chaims of the ‘branch’ 
pyrroles with the side-chams of the adjacent pyrroles 
of the major rng The model shows these to he 
in close proximity 

Reactions analogous to the foregomg have been 
described?®.18 

A formulation similar to the foregomg but involvmg 
only four pyrroles 1s ruled out because ib was not 
possible to construct a model of a ring with only 
three pyrroles 

These considerations lead to the prediction that the 
final rmg-closure leading to the porphyrins should 
occur between rmgs A and D Bonnett et al 1°, on the 
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basis of structural considerations, feel that ring closure 
of the chromophore of vitamin B, must also occur 
between rings A and D, the biogenesis of this molecule 
18 certainly simular to that of the porphyrms!*#1 

Robmson?* suggested that the mrtial step m the 
formation of the type III porphyrin 1s attack by the 
amunomethyl group of a porphobilmogen molecule 
(corresponding to rmg D of the porphyrin) at the 
Ct of a second molecule (corresponding to porphyrin 
rng A) The ammomethyl] group, mutially at C, 1s 
regarded as migrating to Cæ of the rmg Repetition 
of the process leads to type III porphyrin, the final 
ring closure bemg facile Bullock et al * have put 
forward an essentially similar idea, but differmg m 
that the mitial attack 1s thought to be by the ammo- 
methyl group of a porphobilmogen molecule destined 
to form porphyrm ring A, on Ct of a second molecule 
destined to formring D These latter authors invoke 
carbonium 10ns to explain the migration of the alpha- 
substituents Ether of these chemically elegant 
postulations will explain the preferential formation of 
type III porphyrms, and, in addition, fulfil the 
requirements for the reaction enumerated above 
However, they are not consistent with the known 
formation of uroporphyrmogen-l from an mter- 
mediate in the enzymatic synthesis of uroporphyrm- 
ogen III Further, since the mutial, rather than the 
final, reaction occurs between porphyrin rings A and 
D, these postulations cannot provide a facile explana- 
tion of the formation of vitamin B,, 
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SYNTHESIS OF DIPICOLINIC ACID FROM c&e-DIKETOPIMELIC ACID 
The late JOAN F. POWELL and R E. STRANGE 


Microbiological Research Establishment, Porton, Salisbury, Wilts 


ALCIUM dipicolinate is a constituent of resting 
spores of Bacillus species and 1s excreted durmg 
spore germination! It ıs not found as a constituent 
of non-sporulatmg vegetative cells but 18 synthesized 
during spore formation Vegetative cells and spores 
of Bacillus species contam «c-diammoprmelie acid 
which, on removal of one amino-group, cyclization 
and oxidation, would give rise to dipicolinic acid The 
r-amuno-acid oxidase of Neurospora crassa oxidizes 
meso diammopimehe acid with the production of 


ammonia equivalent to the removal of one amuno- 
group of the amino-acid*?? The product has no free 
&mino- or keto-groups Works suggests that the 
&-keto- s-ammoprmelie acid formed may cychze mme- 
diately to form a six-membered rmg compound If 
this 18«80, then the product without oxidation could 
be a reduced form of dipicolmie acid Evidence of 
the conversion of di&munopimehe acid to dipicolinic 
acid m the presence of sporulating cells of Bacillus 
cereus var mycoides was obtained by Perry and 
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Foster*, but the efficiency of the reaction was low 
In the present work, «s-diketoprmehe acid has been 
investigated as a possible mtermediate in the bio- 
synthesis of dipicolimice acid by bacteria The diketo- 
acid was prepared by the method of Blaise and Gault? 
When disintegrated cells of a laboratory strain of 
Bacillus cereus were incubated m air with «c-diketo- 
pimelic acid, a slow oxidation occurred (Qo, c 1) and 
there was a decrease in free ammoma as determmed 
by the Conway method The rate of oxidation was 
markedly mereased (Qo, c7) by the addition of 
ammonium chloride The reaction was allowed 
to proceed m Warburg flasks m 100 mM sodium 
potassium phosphate buffer, pH 7 3, with 10 mM 
diketopimelic acid and 20 mM ammonium chloride 
The volume of the reaction mixture was 25 ml 
and each flask also contained 40 mgm (dry weight) 
of freshly reaped, washed disintegrated cells fram 
12-hr strongly sporulating cultures in potato extract 
medium? The ultra-violet absorption spectrum of 
the reaction muxture showed peaks at 2700 and 
2775 A, thus resembling dipicolmie acid 16 seemed 
possible that the reaction sequence was as follows 


H, H, 
c C 
Hé ‘ou, NH, ne "og o 
d. vee c^ edo m 


i» 
ÁZ£OF.SNZC€SN 
HOC OO O906,H HOC ^W CO,R 
H 
I II 


In these experiments, the production of ultra-violet 
hght-absorbing material was measured, after protem 
precipitation, by takmg difference spectra, that 1s, 
the difference in absorbency between reaction mx- 
tures with and without ammonia ‘The addition of 
diphosphopyridine nucleotide to the reaction mx- 
tures did not improve the rate of oxidation of the 
diketo acid The reaction proceeded with the fixation 
of 60-80 per cent of the calculated amount of am- 
moma required for the complete conversion of I to IT 
and the oxygen uptake was roughly 80 per cent of 
that required for the formation of one double bond, 
that is, for conversion of II to III The observed 
increase m the intensity of the ultra-violet absorption 
spectrum, however, approached only 50 per cent of 
that required for the complete conversion of I to IIT 
The highest rates of oxidation of the keto acid occurred 
im the presence of an ammonium salt as amino donor 
Glucosamine, glutamic acid and L-alanme were tested 
as ammo donors they gave slow and less completo 
oxidation which was not improved by the addition 
of pyridoxal phosphate Glutamine, however, gave 
higher initial rates of oxidation than did ammonium 
chloride The very low Qo, values obtamed tor 
oxidation of diketopimelic acid when no ammonicm 
chloride was added suggested that the oxidizable sub- 
strate was, in fact, a reaction product of the keto 
acid and ammonium ion The oxidative system was 
remarkably heat-stable compared with that obtamed 
with unheated extract, the rate of oxygen uptake 
was actually increased m the presence of extract 
previously heated for 10 mm at 100° and centri- 
fuged to remove precipitated material Assuming 
this oxidative system 1s required by lhving cells to 
synthesize dipicohnate from «e-diketoprmelic acid + 
ammonium 10n 16 would be expected that such a 
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system and/or the substrate are absent from vegeta- 
tive non-sporulating cells When a comparison was 
made of the oxidative activity of cell homogenates 
of asporogenous and sporogenous strams of Bacillus 
megatervum, the asporogenous stram was found to 
give a higher rate of oxygen uptake than the sporo- 
genous stram In another experiment, disintegrated 
vegetative cells of Bacillus cereus gave a higher rate 
of oxygen uptake than dismtegrated sporulating cells 
Finally, an extract of dismtegrated cells of Escherwhia 
col was exammed and was found to be as active in 
the system as an extract of disintegrated cells of 
Bacillus cereus 
When a solution of the calcrum salt of diketo- 
pumelice acid and ammonium salt was meubated with 
buffer, pH 7 1, no oxygen uptake occurred However, 
ammoni was fixed and an ultra-violet absorption 
spectrum developed which was similar to but less 
intense than that obtamed under similar conditions 
in the presence of cell extract A comparison of 
the rates of production of ultra-violet absorbmg 
material m the presence and absence of cell extract 
1$ Shown m Fig 1 After 4 hr at 37°C the yields of 
product for reactions in the presence 
EN and absence of extract were about 
EN 44 and 21 per cent of theoretical, 
respectively, based. on the molar ex- 
tinction, coefficient of calcium di- 
picohnate at 2700 A Higher yields 
were obtained if meubation was 
N continued for 24 hr When the 
reaction mixture in which ultra- 
violet absorbing material had been 
produced ın the absence of cell ex- 
tract was re-mcubated with added 
cell extract, no oxygen uptake occurred The possi- 
bility existed that, in the absence of cell extract, a 
dihydropyridine-2 6-dicarboxylic acid was produced 
which gave a similar but less intense ultra-violet 
absorption spectrum than dipicohnate Isolation of 
the product was therefore attempted 
we-Diketopimelic acid (40 mgm ) was dissolved m 
water (8 ml ) and ealexum carbonate (21 mgm ) added 
to form the neutral calcium salt An equal volume 
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Tıg 1 Rate of formation of material absorbing at 2700 A from 
diketopimelic acid and ammonium salt (a) Reaction mixture 
(2 ml) contained diketo acid (5 mgm), calcrum carbonate 
(2 5 mgm ), ammonium acetate (8 mgm ) and heated centrifuged 
extract from disintegrated vegetative cells of Bacillus cereus 
(20 mgm dry wt) Control contained no diketo acid (b) as for 
(a) but without cell extract Control contained no ammonium 
acetate Samples (0 1 ml ) removed at intervals after incubation 
at 37° © onarotary shaker The absorption of the diluted sample 
(1 30) was measured in a ‘Unicam’ quartz spectrophotometer 
(S P 500) using the appropriate control as blank 
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of 0 1 M ammonium acetate solution was added and 
the resulting solution (pH 71) was mcubated at 
37°C for 24 hr The mcubated solution was freeze- 
dried, which removed most of the excess ammonium 
acetate The product was dissolved m water (1 ml) 
and treated with ethanol (3 ml) The precipitate 
was recovered by centrifugation, dried and shaken 
with a small volume of 0 085 M ealemm chloride 
solution The msoluble fraction was recovered and 
dissolved in the mmimum volume of hot water On 
cooling, orystalhzation occurred The insoluble 
material was recrystallized from hot water The 
crystals were isolated and dried sn vacuo at 60°C 
over phosphorus pentoxide Yield approximately 
6 mgm Similar material was isolated from reaction 
mixtures contammg cell extract In both cases the 
product was calcium dipicoliate according to the 
following criteria (1) appearance of the crystals, 
(2) extinction coefficients at 2700 and 2775A , 
(3) the infra-red spectra of both products which 
agreed exactly with that of natural calcium dipicol- 
mate, (4) paper chromatography usmg Whatman 
paper (No 1 or 4) and butanol/acetic acid/water 
(4 1 5 v/v, upper phase) as solvent The spots 
corresponding to the products and authentic ealerum 
dipicolmate were visible when the dried paper was 
viewed with a source of ultra-violet light (‘Chrom- 
alte’ lamp) and had the same Ep value When the 
paper was sprayed with a solution contaming ferrous 
ammonium sulphate (0 1 per cent w/v) and ascorbic 
acid (0 1 per cent w/v) m 05 M acetate buffer, 
pH 5 5(ref 8), the spots turned pink 

The formation of dipieohnate m the absence of 
oxygen uptake can only be explamed m terms of 
an oxidation-reduction reaction occurring between 
the products of the reaction of diketopimelic acid 
with ammonia, and perhaps diketopimelic acid 
Identification of products other than dipicolinate has 
not been attempted , but paper chromatography of 
reaction mixtures showed that a number of com- 
pounds is produced When the effect of oxidizmg 
agents on the reaction was studied 15 was found that 
quinone had an effect similar to that of cell extract on 
the rate of production and final yield of ultra-violet 
hght absorbmg product Fig 2 shows the rate of 
production of materia] absorbing at 2700 A in the 
presence and absence of quinone ‘The absorbency 
values were affected by the formation of hydroqumone, 
but increased formation of dipicolinate in the presence 
of quinone was confirmed by paper chromatography 
It 1s possible that the oxidative system in bacterial 
cells acts ın a sumilar way to quinone and the reduced 
system is then oxidized directly or indirectly by 
atmospheric oxygen 

Attempts to demonstrate diketopimelic acid as a 
constituent of sporulatmg cells of Bacillus cereus 
were unsuccessful In these experiments, deprotein- 
ized cell extracts were treated with 2 4-dinitro- 
phenylhydrazme and the keto-acid derivatives were 
extracted with ethyl acetate and chromatographed 
on paper? Comparison spots of the 2 4-dmutro- 
phenylhydrazones of «-ketoglutaric, oxaloacetic, pyru- 
vie and «c-diketopimehe acids and of acetone were 
run on the same paper The chromatogram showed 
derivatives of pyruvic acid and acetone to be present 
but no diketopimelic acid could be detected ın 
120 mgm (dry weight) of cells However, ıb was 
found that when diketopimelic acid was added to 
cell suspensions which were then dismtegrated, 
treated with reagent and chromatographed, the 
dimitrophenylhydrazone of this keto acid could not be 
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Fig 2 Effect of quinone on the formation of dipicolinic acid from 
diketoprmelic acid and ammonium salt (a) Reaction mixture 
(1 ml) contained diketo acid (2 mgm ), calerum carbonate 
(1 mgm ), ammonium acetate (4 mgm ) and quinone (01 ml 
sat aq solution) Control solution contained no diketo acid 
(b) As for (a) but without quinone Solutions incubated at 37° C 
and samples treated asin Fig 1 
detected A negative result was probably due to the 
rapid reaction of the keto acid with endogenous 
ammonia when the cells were disrupted 
Attempts to implicate «c-diketopimelie acid as a 
precursor of «e-diammopmmelhe acid m bacterial cells 
were unsuccessful ‘Reaction mixtures after mcuba- 
tion of cell homogenate with keto acid and either 
ammonium chloride, glutamic acid, glutamme or 
aspartic acid were tested for the presence of diammo- 
pimelic acid using the solvent system of Rhuland 
et al? Unheated cell homogenates were tested m 
these experuments and pyridoxal phosphate was 
added No diammopimelic acid was detected in 
samples of reaction mixture mitially contaming 
130 ugm of the keto acid 
In an interesting article on the pyridme ring and 
the problem of its biosynthesis, Grimshaw and 
Marion" have suggested that the pyridine ring might 
be built directly from smaller units arising from 
alanine and glyeme or possibly from non-nitrogenous 
precursors and ammonia Martin and Foster’? have 
reported two possible pathways of dipicolinate syn- 
thesis mm Bacallus megatervwm | mvolving ether 
pyruvate and aspartate or alanine and oxaloacetate 
The experiments reported here are of mterest in this 
connexion, and we consider that even though diketo- 
pimelic acid has not been demonstrated as a cell 
constituent, 1ts reactions with ammonia in the presence 
and absence of cell extract suggest some interesting 
possibilities 
We wish to thank Mr S Lovett for synthesizmg 
ae-diketopmmelic acid and Dr K P Norris for mfra- 
red spectrophotometry We are grateful to Dr D H 
Herbert, Mr E O Powell and Major L H Kent 
for useful suggestions and discussion 
1Powell,J F Biochem J „54, 210 (1053), J App Bact ,20,349 (1957) 
2 Burton, K , Beochem J , 50, 258 (1951) 
3 Work, E, Bwchem J, 49, 17 (1951) 
* Work, E , Biochem Biophys Acta, 17, 410 (1955) 
‘Perry, J J, and Foster, J W, J Bact, 69, 337 (1955) 
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HIGH-RESOLUTION FIBRE OPTICS USING SUB-MICRON 
MULTIPLE FIBRES 


By Dr. N. S. KAPANY 


Optics Section, Physics Division, Armour Research Foundation, Chicago 16, lilinois 


N various image transmittmg applications of fibre 
optics? usmg the light conduction property of 
fibres because of total internal reflexions, 15 1s desired 
that the fibres have a high light transmission, com- 
plete optical msulation and diameter as small as 
possible The information density m a perfectly 
insulated fibre bundle 1s dependent only on the fibre 
diameter, which has been limited by mechanical 
properties of the fibres and the basic diffraction 
phenomenon This latter limitation, due to diffrac- 
tion, has not been investigated m the past**, anc it 
had been believed that only fibres larger than 10-20 
wave-lengths m diameter are capable of conducting 
energy For smaller diameters, ıt was believed that 
the energy escapes from the fibre wall due to the 
diffracted wave strikmg at angles less than critical 
incidence 
This 1s found not to be true for circular cross- 
section straight fibres down to approximately two 
wave-lengths in diameter  Fibres as small as 0 75u 
in diameter have been drawn using the newly de- 
veloped technique of ‘multiple fibres’, and found to 
give acceptable hght transmission Whereas diffrac- 
tion effects occur for fibres of smaller diameter, 1t has 
been found that the effective numerical aperture of 
the emergent diffracted light cone from a straight fibre 
of diameter greater than two wave-lengths of light 1s 
not substantially m excess of the numerical aperture 
of the lens system required to resolve clearly the 
fibres at the umage pickup end On the other hand, 
all the emergent flux 1s recerved when a photodetector 
or photographie plate ıs placed ın contact with the 
emergent end Thus high resolution, as well as ngh 
hight efficiency, 1s achievable using the more recent 
techniques m fibre optics 
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Fig, 1 Illustrating the method of drawing multiple fibres 
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Fig 2 Photomicrograph of grid object through a 504 overall 
diameter multiple fibre consisting of approximately 275 fibres 
of 2 5u average diameter 


A method for drawing high refractive mdex fibres 
coated with a glass of low refractive index consists, 
essentially, of placing a high-index rod in a low-mdex 
tube and pulling the assembly down to a fibre on a 
contmuously rotatmg drum* Fibres down to 25u 
diameter with a coating thickness of 0 5-luy have 
been drawn in nommal mfinite lengths In addition 
to optically insulatang the fibre, the coating, also, 
elmnates surface absorption or scattermg losses A 
7-ft -long glass-coated glass fibre is found to transmit 
an average of 20 per cent 1n the visible spectrum and 
nearly 50 per cent in the yellow-green region How- 
ever, such fibres become very difficult to handle 
meehanieally in diameters much smaller than 25y 

A new type of ‘multiple fibre’ consisting of a large 
number of fibres of high refractive mdex m an 
msulating matrix of low refractive mdex has been 
developed They have the mechanical strength of 
large fibres and resolution yield of much smaller 
fibres Fig. 1 shows a method for drawmg multiple 
fibres A large number of high refractive index rods 
are mserted ın low refractive index tubes and the 
entire bundle 1s placed ım a larger tube of compatible 
glass This unit is then drawn into a fibre on a 
continuously rotating drum The cioss-section of 
resultant fibres 1s also illustrated m Fig 1 The 
ratio of the parent rod to tube thickness, ete, is 
mamtamed in the fibre form Multiple fibres down 
to 50u overall diameter, consisting of as many as 
275 fibres of approximately 2 5u diameter, have been 
drawn by this method A highanformation density 
is thus achievable The mechanical advantages of 
manipulating and fusmg fibres down to a few microns 
in diameter by this technique are obvious 

Fig 2 shows a multiple fibre of overall diameter 
50u, with average fibre diameter of 2 5u A dynamic 
picture of a grid test object through this multiple 
fibre ıs also shown in Fig 2 Limiting static resolution 
of up to 200 Imes/mm has been measured m such an 
assembly of multiple fibres As is indicated by further 


882 


diffraction studies, the resolution obtamed thus far 
1s not the upper lmt for the fibre optical systems 

In order to study the optical properties and 
diffraction effects m smaller fibres, multiple fibres 
ranging between 0 75 and 20u. m diameter have been 
drawn This was achieved simply by choosmg parent 
rods and tubes of different diameters A multiple 
fibre was placed on a mucréscope m which both the 
numerical apertures of the condenser and the objective 
could be varied along with the wave-length of hght 
Fig 3 illustrates this apparatus diagrammatically 
The image of the multiple fibre 1s formed on a photo- 
detector for the purposes of photometry of fibres of 
various diameters Interference filters were mtroduced 
m the path; thus different ratios of wave-length of 
light to fibre diameter are obtamed From elementary 
considerations, 16 1s clear that due to the diffraction 
by the fibres, as the objective N A 1s decreased, the 
photodetector would recerve less flux per unit area 
from fibres of smaller diameters 

Multiple fibres ranging from 0 75u to 8u diameter, 
0 2m long, were thus studied on the above-mentioned 
system Two wave-lengths peaked at 386 mp and 
663 my with half band-width of 125 A were used 
The condenser numerical aperture was varied from 
0 4 to 0 8 and the objective N A was varied from 
03 to 133 Within this range of NA and wave- 
lengths, for fibres above 0 75u diameter, no measur- 
able difference in flux density was observed For 
smaller NA of the objective, however, one might 
expect the effects to show up On the other hand, 
for such small objective N A the fibres fall close 
to the resolution limit of the system used for mage 
pickup Fig 4 shows various diameter multiple fibres 
that were exammed m this manner and a 0 75u 
diameter fibre is mdicated by an arrow In Fig 4a, 
1t should be noticed that some fibre separations are 
of the order of one wave-length, which is the desired 
thickness, ın order to prevent hght leakage between 
neighbourmg fibres (d > A) due to frustrated total re- 
flexion’ "Very small quantities of ight were observed 


LIGHT SOURCE 






IRIS 
CONDENDET INTERFENCE 
LENS FILTER 
INCIDENT 
WAVE FRONT 
MULTIPLE FIBERS 
(VARIOUS DIAMETERS) 
DIFFRACTED __ p 
WAVE FRONT 
MICROSCOPE _____» 
OBJECTIVE IRIS. 





— — -L ——-- IMAGE 
SCANNING GER 
APERTURE HO PHOTOMULTIP 


Fig 3  Ilustrating the optical system for studying the flux 
densityin the diffracted wave by multiple fibres of various diameters 
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Fig 4  Photomuerograph of variable diameter multiple fibres 
(0 75-82 diameter) obtained on the optical arrangement in Fig 3 
A 0 75u diameter fibre 1s pointed out by the arrow 


between adjacent fibres This ıs attributable primarily 
to the diffraction effects m the microscope objective 
and perhaps to a lesser degree to hght scattermg by 
the low-index medium that may experience large 
amounts of stress In Fig 40 the fibre separation 1s not 
observable because the low-index coating falls near 
the threshold of muting resolution of the 0 65 NA 
objective The optical msulation of these fibres was 
also tested by forming the image of a knife edge and 
observing the mtensity gradient in the transmitted 
image 

From the results of these expermnents, and basic 
theoretical studies, the followmg conclusions are 
derived To a first approximation, the diffraction m 
straight circular fibres above two wave-lengths in dia- 
meter occur primarily at the two ends The incoherent 
wave incident on a fibre suffers diffraction at the 
entrance dielectric aperture The diffracted wave 
then suffers total reflexions and phase changes along 
its passage 1n the fibre until ıt arrives at the emergent 
end, where ıb suffers diffraction agam This, of 
course, assumes that the refractive mdex of the fibre 
core and surround is such that the critical angle 
conditions for the wave in the fibre are satisfied It 
is clear that for a plane monochromatic imeident 
wave, as the diameter of the fibre decreases, so the 
emergent diffracted cone angle mcreases On the 
other hand, as the fibre diameter goes down, so the 
required NA of the optical system receiving the 
image from the fibres goes up, m order that full use 
1s made of the smaller diameter fibre resolution. For 
smaller fibres (d > 4) the lmuitmg resolution of the 
optical system 18 set by the fibre coatmg (^ 2) Thus, 


N3 4690 


September 19, 1959 


most of the energy emerging from fibres down to 
lu m diameter ıs recerved by the appropriate N.A 
optical system These conclusions are also substan- 
tiated by a parallel study using microwave analogues 
of fibre optics at 1 25 em wave-length and polystyrene 
cylinders Theoretical and expermmental studies of 
diffraction by fibres smaller than the wave-length and 
the boundary wave skin effect are now 1n progress 
From the foregoing it 1s evident that the optical 
performance of fibres down to a few microns m 
diameter do not suffer due to diffraction effects An 
appropriate assembly of ly diameter fibres 1s capable 
of a static resolution of 500 lmes/mm and dynamic 
resolution of nearly 1,000 lmes/mm Fibre optics m 
the ultra-violet region are capable of even higher 
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resolution Multiple fibres have rendered such fibre 

optical systems practical The impact of these 

mvestigations on such applications of fibre optics as 

flexible endoscopes, field flattener and image transfer 

from Lambertian emitters 1s evident These results 

are also relevant to some basic studies of the visual 

mechanism in the retmal rods and cones 

Acknowledgment 1s due to A Brushenko and D F 

Capellaro for valuable assistance 
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PAL/EOMAGNETIC STUDIES OF CENOZOIC VOLCANIC ROCKS 
IN NEW ZEALAND 


By Da. D. S. COOMBS 


Geology Department, University of Otago 


OSTULATED reversals of the geomagnetic field? 

offer a potential tool for the chronological sub- 
division and correlation of lavas within a restricted 
voleanie province?! On a broader scale they provide 
potential world-wide datum planes of virtually 
instantaneous time significance so far as most geo- 
logical processes are concerned. For reversals to be 
useful for long-range correlations, not only must 
ther reality be established, but also the length of 
time between reversals must not be too small m 
comparison with the tume duration of stratigraphically 
separable stages An early Pleistocene reversal as 
postulated by Roche®, Hospers*, Eimarsson! and 
others should prove to be of considerable importance 
m Pleistocene chronology if 1t 1s established that only 
one such simultaneous reversal occurred durmg 
Pleistocene time On the other hand, ıt may be 
much more difficult to establish contemporaneity of 
early- or pre-Tertiary reversals Detailed study of 
many well-dated suites will be required to demonstrate 
whether long-range correlation of reversals can be 
effected, and if so, to determine the date at which 
each reversal occurred Data from some New Zealand 
rocks are here recorded as a contribution towards 
the solution of these problems Correlations of New 
Zealand stages follow the table of Hornibrook? 

1 Pleistocene Ignimbrite sheets of the Whakamaru 
district, North Island, New Zealand, are normally 
magnetized® According to J Healy (personal com- 
munication), they probably belong to the Hawera 
o: late Castlechffüan stage (Upper Pleistocene) 
Tholeutic basalt at Timaru overlying gravels of the 
Wartotaran (Upper Phocene) to Nukumaruan (Lower 
Pleistocene) and possibly itself of Nukumaruan age 
(Gam, H S, personal communication) 1s found to 
have reverse magnetization (north pole directed 
downwards, dip 75°, dechnation 228°) 

2 Late Middle to Upper Miocene The directions 
of magnetization have been measured of moze than 
fifty suites of rocks from the Dunedin Volcanic 
Complex, which has been divided’? mto an Initial, 
and First, Second and Third Major Eruptive Phases 
Each sute consisted of 3-8 (usually 5-6) speermegs 
collected where possible over some tens of yards of 
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exposures in road cuts, quarries and cliff sides 
Results from exposed, craggy outcrops are not here 
considered. Collections were made from sequences 
of flows 1n localities scattered over an area of about 
12 x 15 miles The results from each suite have 
been treated by Fisher’s method to obtain the mean 
directions which are shown 1n the figures 

Basalis, karwekite, phonolites, atlantite and tra- 
chyandesites from the First and earher parts of 
the Second Major Eruptive Phase all indicate 
essentially normal magnetization (Fig 1) In con- 
trast, all flows sampled from the upper part of the 
middle sub-phase (2 M) and the late sub-phase (2 L) 
of the Second Major Eruptive Phase (above flow 21 
of the North Head sequence!?) show reverse or 
anomalous directions of magnetization (Fig 2) 
Basalts, trachyandesites and phonohtes are plotted, 
the basalts bemg the most consistent Dotted lines 
jom points representing mean directions of mag- 
netization calculated from two localities m the one 





Fig 1 Durections of magnetization for lavas of First and earher 

parts of Second Major Eruptive Phase Dunedin district, plotted 

on equal area projection @, North pole directed upwards, 

radius of circle of confidence, 5 per cent level, < 12°, O, north 

pole directed upwards, radius of circle of confidence, 5 per cent 

level, 12-15°, [], direction for symmetrical axial dipole field, 
latitude 46° S 
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Fig 2 Directions of magnetization for lavas of the upper-middle 
and late sub-phases of the Second Major Eruptive Phase, Dunedin 
district X, North pole directed downwards, radius of circle of 
confidence, 5 per cent level, < 12°, x, north pole directed down- 
wards, radius of circle of confidence, 6 per cent level, 12-20°, 
X , north pole directed downwards, radius of circle of confidence, 
5 per cent level, > 20°, @, north pole directed upwards, radius 
of circle of confidence, 5 per cent level, < 12°, O, north pole 
directed upwards, radius of circle of confidence, 12-20° P 
direction for reversed symmemeal axial dipole field, latitude 


flow (for example, Roslyn doleritic basalt, 3 and 54) 
The Leth Valley trachyandesite and some sumilar 
flows of this period are weakly and erratically mag- 
netized ın directions which are consistent only in that 
they are abnormal These have not been plotted 
We can detect no consistent trend with time for 
these abnormal directions, and mstabihty 1s possible, 
although ‘magnetic cleanmg’ expermments of several 
types have failed to make them significantly more 
consistent. Three basalts and two weakly magnetized 
phonohtes of the Third Major Eruptive Phase 
give normal directions while two other weakly mag- 
netized phonolites correlated with the same period 
show anomalous declmations (Fig 3) 

There is thus a fairly clear sequence normal— 
reverse (plus anomalous)—normal in this petro- 
graphically diverse voleanie complex The age of 
the earlier First Phase volcanics has been established™ 
as later Waiauan (latest Middle Miocene) or possibly 
early Tongaporutuan (earliest Upper Miocene) The 
upper age limit ıs not clear although activity probably 
did not extend far mto the Phocene Ifthe hypothesis 
of world-wide contemporaneity of reversals is 
accepted, a plausible correla:ion of the reverse period 
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Fig 3 Durections of magnetization for lavas of the Third Major 
Eruptive Phase, Dunedin district Symbols as for Fig 1 
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Fig 4  Durections of magnetization for Upper Eocene-Lower 
Oligocene volcanics of northeast gago Symbols as for Figs 
an 


would be with the Upper Miocene-Lower Phocene 
(Pontian-basal Plaisancian) reversal reported in 
Frence?5, but the possibility that ıt represents an 
earher reversal withm Upper Miocene time cannot 
at present be ehmunated 

3. Hocene—Lowermost Oligocene Pillow lava (1), and 
a dolerite sheet (2) at Oamaru, North Otago, together 
with a series of dykes and other intrusions of dolerite 
at Moeraki Penmsula, show reverse magnetization 
The results plotted (Fig 4) have been corrected for 
post-consolidational tiltmg The pillow lava occurs 
above tuffs correlated with the Kastan stage and 
immediately below tuffs and tuffaceous limestone 
bands with muerofaunas of Kaiatan or Runangan 
age, that 1s, earlier or later Upper Eocene (Hornibrook, 
N de B, and Marwick, J , personal communication) 
The Moeraki rocks are also placed m the Katan 
or Runangan stages on mierofaunal evidence (Scott, 
G. H , personal communication), whereas the Oamaru 
sheet 1s Whamgaroan (earlier Lower Ohgocene)*? 
A dyke (3) and sheet (4) at Enfield, North Otago, of 
approximately the same age have normal magnetiza- 
tion 

An Upper Eocene period of reversal 1s indicated 
The evidence does not show whether this continued 
through to Lower Oligocene times, or whether one 
or more periods of normal magnetization intervened 
The North Otago results are also of mterest ın that, 
together with the later Tertiary and Pleistocene 
results, they do not suggest any measurable pola: 
wandering with respect to New Zealand since Late 
Eocene times 

We are grateful for the assistance of a number of 
colleagues Dr A J R White has given much help 
in the field, and a giant to one of us (D S C ) from 
the University of New Zealand Research Fund 1s 
gratefully acknowledged 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, November 9 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND COM- 
MUNICATIONS SECTION (at Savoy Place, London, W C.2), at 5 30 pm 
—Prof A L Cullen “Theory of the Travelling-Wave Parametric 
Amplifier’, Dr P J B Clarricoats “The Gain of Travelling-Wave 
Ferromagnetic Amplifiers”, Mr A Jurkus and Mr P N Robson 
“Saturation Effects in a Travelling-Wave Parametric Amplifier” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
S W 7),at830pm—Mr A J Marshall “Pearl and Cattle Country 
of the Kimberleys” 


Tuesday, November 10 


INSTITUTE OF Puysics (at 47 Belgrave Square, London, S W 1), 
at 5-80 pm—Dr F G Champion “Electronic Properties of Dia- 
monds” 


ILLUMINATING ENGINEERING SOCIETY (at the Federation of British 
Industries, Tothill Street, London, S W 1), at 6 pm —Mr A H 
McKeag “Research ın Phosphors” 


Wednesday, November 11 


INSTITUTION OF GAS ENGINEERS, BRITISH COKE RESEARCH 
ASSOCIATION, and the COKE OVEN MANAGERS’ ASSOCIATION (1n the 
Lecture Theatre of the Institution of Civil Engineers, Great George 
Street, London S W 1), at 230 pm —Mr G W Lee “The First 
Year of the Coke Research Centre" 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION GROUP 
(at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm —Mr 
A D Newman “Extreme Pressure Lubricants for Marine Gears” 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W C 1), at 630 pm —Dr R P Gannon ‘Physiological 
and Acoustical Aspects of Hearing" 


On, AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W 1), at 7 pm —Mr R R Davidson 
“Whiting Dispersions, Particle Packing and Surface Adsorption” 


Thursday, November 12 


INSTITUTE OF METALS, METAL PHYSICS COMMITTEE (at the Royal 
Institution, 21 Albemarle Street, London, W 1), at 9 30 a m.—Sym- 
posium on “The Application of Thin-Film Techniques to the Electron- 
mieroscopie Examination of Metals” 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W C 1), at 115 pm —Dr E H S 
Burhop “Transient Forms of Matter’ * 


ROYAL Sooty (at Burlington House, Piccadilly, London, W 2)» 
at 480 pm —Mr J Davis, Mr J S Greenhow and Mr J E Hall 
"Combined Photographic and Radio Echo Observations of Meteors” , 
sig “The Effect of Attachment on Radio Echo Observations of 

eteors” 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1) 
at 530 pm—Dr M H F Wilkins “The Molecular Structure of 
Chromosomes” * (Ninth of fifteen lectures on “The Scientifle Basis of 
Medicine” orgamzed by the British Postgraduate Medical Federation 
Further lectures on November 17, 19, December 1, 3, 8, 10 ) 


SOCIETY oF CHEMICAL INDUSTRY, HEAVY ORGANIC CHEMICALS 
FROUP (at 14 Belgrave Square, London, S W 1), at 6 p m —Mr D G 
peut we Production of Bulk Organic Chemicals” (Inaugural 

ecture 


TEXTILE INSTITUTE (joint meeting with the CLOTHING INSTITUTE, 
at the British Colour Council, 13 Portman Square, London, W.1), 
at 6 45 pm —Mr J David, Dr T H Morton and Mr W Garner 
‘Looking Ahead ın the Clothing Industry” 


Friday, November 13—Saturday, November 14 


INSTITUTE OF PHYSICS, X-RAY ANALYSIS GROUP (at the Institution 
of Civil Engineers, Great George Street, London, S W 1), at 10a m 
on Friday and 9 30 à m on Saturday—Autumn Gonference—‘Strac- 
ture Analysis and Experimental Techniques” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LECTURER or LECTURER IN MECHANICAL ENGINEERING 
—The Registrar, University College, Singleton Park, Swansea (Novem- 
ber 7 

Heap OF THE DEPARTMENT OF APPLIED PHYSICS, HEAD OF THE 
DEPARTMENT OF MATHEMATICS, HEAD OF THE DEPARTMENT OF 
AERONAUTICAL ENGINEERING, HEAD OF THE DEPARTMENT OF 
BUILDING AND CIVIL ENGINEERING—The Registrar, Lanchester 
Jollege of Technology, Coventry (November 9) 

SENIOR LECTURER or LECTURER (with a good honours degree and 
elevant teaching experience) IN MATHEMATICS at the Nigerian College 
Xf Arts, Seience and Technology—The Council for Overseas Colleges, 
12 Lincoln's Inn Fields, London, W C 2 (November 13) 
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RESEARCH OFFICER (with a degree in horticulture, agriculture or 
economics, and preferably a knowledge of horticulture or farm crop 
production), to carry out investigations into the economies of horti- 
culture—The Secretary, School of Agriculture, The University, Cam- 
bridge (November 18) 

LECTURER (with good academic qualifications and experience in 
the field of electric power engineering, preferably electrical machines) 
IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—Tho Registrar, 
The University, Leeds 2 (November 20) 

RESEARCH OFFICER (honours graduate in engineering or science 
(or equivalent), with postgraduate experience in the design of radio 
and electronic equipment) IN THE DIVISION OF RADIOPHYSICS, 
Commonwealth Scientific and Industrial Research Association, Sydney, 
NSW , Australia, to lead the research of a small group responsible 
for development and application of new electronics and radio-frequency 
techniques, particularly in U AF and microwave receivers for use 
in radio astronomy observations—Chief Scientifle Liaison Officer, 
Austrahan Scientific Liaison Office, Africa House, Kingsway, London, 
W C2, quoting Appointment No 780/199 (November 20) 

SENIOR LECTURER, LECTURER, and an ASSISTANT LECTURER IN 
THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Registrar, 
Royal Technical College, Salford (November 21) 

ASSISTANT LIBRARIAN IN THE PHILOSOPHICAL  LIBRARY—Tho 
Secretary, Philosophical Library Committee, The University, Free 
Sion Lane, Cambridge, marking envelope “Application” (Novem- 

er 

LECTURERS (2) IN PSYCHOLOGY at the University of Western 
Australa—The Secretary, Association of Universities of the British 
pecs waka 36 Gordon Square, London, W C 1 (Australia, Novem- 

er 

PLANT BREEDER (with at least a BSc degree in agriculture or 
botany and experience 1n plant breeding or genetics) IN THE SECTION 
OF PLANT BREEDING AND GENETICS, for duties involving the breeding 
and selection of sugar-cane varieties—The Director, Mauritius Sugar 
Industry Research Institute, Rédui$, Mauritius (November 30) 

SENIOR RESEARCH OFFICER and a RESEAROH OFFICER (qualified 
zoologists with experience of fisheries research) IN THE DEPARTMENT 
Oo» ZooLoey, University of Hong Kong—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W C1 (Hong Kong, November 30) 

RESEARCH FELLOW (with at last two years research experience, 
and preferably experience 1n high vacuum techniques or 1n solid state 
chemistry) IN THE CHEMISTRY DEPARTMENT, for the study of funda- 
mental processes occurring between lead and reactive gases—The 
Registrar, University of Melbourne, Carlton, Victoria, Australia 
(December 4) 

PROFESSOR OF APPLIED MATHEMATICS at the University of Queens- 
Jand, Australa—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W C1, or The 
Registrar, University of Queensland, Brisbane, Queensland, Austraha 
(Australia and London, December 15) 

SENIOR LECTURER IN ANTHROPOLOGY at the University of Western 
Austraha—tThe Secretary, Association of Universities of the British 
ei Nen uds 36 Gordon Square, London, W C 1 (Australia, Decem- 

er 

WAYNFLETE PROFESSOR OF PHYslonoaY—The Registrar, Univer- 
sity Registry, Oxford (December 17) 

TUCEER-PRICE FELLOW FOR RESEARCH IN MATHEMATICS, NATURAL 
SCIENCES, or an allied subject and a ROSALIND LADY CARLISLE 
FELLOW, for research 1n any other branch of learning— The Secretary, 
Girton College, Cambridge (January 15) 

FISHERIES OFFICER (with a university degree in biology with 
emphasis on zoology, and experience of fisheries work) in the Northern 
Region of Nigeria for development of river fisheries and the demonstra- 
tion and organization of peasant fish culture—The Director of Recruit- 
ment, Colonial Office, London, S W 1, quoting BCD 65/408/01/T 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


International Union of Pure and Applied Chemistry A Report on 
Education and Training in the Paint Industry Pp iv+30 Determ- 
ination of Copper Content of Foodstuffs Photometric Method. 
Pp 4 The Assay of Vitamm A Oils Pp 7 The Vitamin A Potency 
of Beta-Carotene Pp 11 A Report on the Vitamin D Bioassay of 
Oils and Concentrates Pp 17 Manual of Physico-Chemical Symbols, 
and Terminology Pp 1v+27 7s 6d (London Butterworths 
Scientific Publications, 1959 ) [109 

Northampton College of Advanced Technology Part-time Day 
and Evening Courses, Session 1959-60 Pp 39 (London Northamp- 
ton College of Advanced Technology, 1959 ) 109 

Department of Scientific and Industrial Research Forest Products 
Research Bulletin No 38 The Efficiency of Adhesives for Wood 
Second edition Pp vi+21+8 p.ates (London HM Stationery 
Office, 1959 ) 3s net [109 

Friends of the Lake District 1934-1959 Retrospect, and Annual 
Tope June 1959 Pp 30 (Ulverston Friends of the Lake District, 

109 

Freshwater Biological Association. Twenty-seventh Annual Report 
for the year ended 31 March 1959 Pp 81 (Ambleside. Freshwater 
Biological Association, 1959 ) 4s [ 

Ciba Foundation for the Promotion of International Co-operation in 
Medical and Chemical Research Report for the years 1949-1959 
Pp 64+10 plates (London The Ciba Foundation, 1959 ) (109 

British National Formulary 1957 Second Amendment 1959 Pp 4 
(London British Medical Association and the Pharmaceutical Press, 
1959 ) 3d net [109 

Department of Scientific and Industrial Research Factory Build. 
ing Studies, No 2 The Lighting of Factories By M J Keyte and 
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H L Gloag Pp 1v+28 (London 
3s 0d net 
Ministry of Agriculture, Fisheries and Food Fishery Investigations, 
Series 2, Vol 22, No 10 The Biology and Control of the American 
Whelk Tingle Urosalpwnz cunerea (Say) on English Oyster Beds By 
D A Hancock Pp u+66+1 plate (London HM Stationery 
Office, 1959 ) 17s 0d net 109 
The Registrar General's Statistical Review of England and Wales 
for the year 1955 Supplement on Hospital In-Patient Statistics Pp 
vii4-206 (London HM Stationery Office, 1959 ) 108 6d net [109 
Western Regional Hospital Board Annual Report of the Regional 
Physicist for the year 1958 Pp i+44 (Glasgow Western Regional 
Hospital Board, Regional Physics Department, 1959 ) (109 
The National Institute of Agricultural Botany Thirty-ninth 
Report and Accounts,1958 Pp 56 (Cambridge National Institute 
of Agricultural Botany, 1959 ) [109 
Department of Scientific and Industrial Research Building Research 
1958 The Report of the Building Research Board with the Report of 
the Director of Building Research Pp iv+72+12 plates (London 
HM Stationery Office, 1959) 5s 62 net [109 
Building Research Station Digest, No 124 Small Underground 
Drainsand Sewers,1 Pp 4 (London HM Stationery Omog: 10509 
4d 


HM Stationery Office, 1959 ) 
[109 


University Grants Committee Returns from Universities and 
University Colleges 1n receipt of Treasury Grant, Academic Year 
1957-1958 Pp 54 (Cmnd 832) (London HM Stationery Office, 
1959 ) 5s net 109 

Guide to Evening Classes in Middlesex, Session 1959-00 Pp 
50+4 plates (London Middlesex County Council Education Ontos. 
1959 ) 


Other Countries 


Indian Forest Bulletin No 207 (New Series) Composite Wood 
Wood Waste Utilization By D Narayanamurt: Pp 25 Rs 150, 
2s 3d Indian Forest Records (New Series) Entomology Vol 9, 


No 9 Immature Stages of Indian Coleoptera (29) Cerambycidae 
By R N Mathur Pp 176-181+3 plates Es 0 87, 1s 3d (Delhi 
Manager of Publications, 1957 and 1959 ) [109 


Smithsonian Contributions to Astrophys.cs Vol 3, No 6 A 
Flud-Dyname Mechanism of Meteorite Pitting By David T Willams 
Pp 47-67+14 plates 65 cents Vol 3, No 7 Periodic Orbits of a 
Planetoid Passing Close to Two Gravitating Masses By Robert R 
Newton Pp 69-78 20 cents (Washimg:on, DC Government 
Printing Office, 1959 ) 

Colony of Mauritius 
ment, 1958 Pp u+17 
25 cents 

Scientific Russian Without Tears ByProf J W Perry (Reprinted 
from The Chemical Bulletin ) Pp +26 {Chicago Chicago Section, 
American Chemical Society, Inc , 1959 ) 1 dollar (109 

Chicago Natural History Museum Indian Art of the Americas 
By Donald Colher Pp 68 (Chicago Chicago Natural History 
Museum, 1959 ) 1 dollar 145 

Food and Agriculture Organization of the United Nations AO 
Forestry Development Paper No 14 Tree Planting Practices in 
Temperate AÁsia—Burma-India-Pakistan Pp 1x+150 (Rome 
Food and Agriculture Organization of the United Nations, London 
HM Stationery Office, 1959 ) 7s 6d , 1 50 dollars (109 

Psychopharmacolona, Vol 1, Fase 1 Pp 78+10 650 DM 
Maximal-Preis1959 40 DM Maximal-Preis1960 80DM (Berlin 
Springer-Verlag, 1959 ) {109 

Museum of Comparative Zoology at Harvard College Breviora 
No 110 ‘The Spider Genus Coleosoma (Araneae, Theridudae) By 
Herbert W Levi Pp 8 No 111 On the Caudal Neurosecretory 
System of the Teleost Fish, Fundulus heterochtus L By Uno Holmgren 
Pp 13+2 plates (Cambridge, Mass Museum of Comparative Zoology 
at Harvard College, 1959 ) 109 

Field Museum of Natural History, Chicago Botanical Series__ Vol 
14 Index of American Palms—Plates By B E Dahlgren Plates 
1-412 (Chicago Field Museum of Natural History, 1959 ) 10 dolars 


[109 
Annual Report of the Observatory Depart- 
(Port Lows Government Printer, Td 


Proceedings of the United States National Museum Vol 108, 
No 3408 A Revision of the Butterfly Genera Theochila and Tatochila 
(Lepidoptera Pieridae) By José Herrera and Wiliam D Field 
Pp 467-514+17 plates Vol 109, No 3415 Biting Midges of Genus 
Cuhcowes from Panama (Diptera  Heleidae) By Wilis W Wirth 
and Franklin S Blanton Pp 237-482 Vo! 110, No 3410 Grass- 
hoppers of the Mexicanus Group, Genus Melanoplus (Orthoptera 
Acrididae) By Ashley B Gurney and A 3t Brooks Pp 1-98+5 
plates (Washington,DC Government Printing Office, 1959 ) [109 

Comptes Rendus des Travaux du Laboratoire Carlsberg Vol 31, 
No 10-11 The Cytology of Saccharomyces By A T Ganesan 
Observations on the Nuclear Cytology of Lapomyces hpofer By A T 
Ganesanand C Roberts Pp 149-180+9 plates Skr Vol 31, No 12 
The Amino Acid Sequence in the Uridine Nucleotide-Peptide from 
Staphylococcus aureus By J L Strominger Pp 181-192 2 kr 
Vol 31, No 13 A Continuous Chromogenic Method for the Assay 
of O-S-Lyases with S-(2,4-Dinitropheny:)-L-Cysteine as Substrate 
By Svend E Hansen, Anders Kjaer and Sigmund Schwimmer Pp 


193-206 2 kr 20 ore (Copenhague Danish Science Press, Diod 
1959 1 
See istey of Agriculture and Lands, Jamaica Bulletin No 56 


Brown Stem of Oranges Investigation By R A deFossard Pp 
160+6 plates+27 graphs (Jamaica Mun stry of Agriculture and 
Lands, 1959 ) [109 

The Museums Trustees of Kenya Coryrdon Memorial Museum, 


Nairobi—AnnualReportíor 1958 Pp 22—21 plate (Nairobi Coryn- 
don Memorial Museum, 1959 ) 1s [109 
Food and Agriculture Organization of the United Nations FAO 


Nutrition Meetings Report Series, No 23 Report of the Regional 
Seminar on School Feeding in South America, Bogota (Colombia), 
27 October-8 November 1958 Pp in+60 (Rome Food and Agrı- 
culture Organization of the United Nations, 1959) 3s 6d , 075 
dollars [109 
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Weizmann Institute of Science, Rehovot Serial Holdings of the 
Weizmann Institute of Sctence Pp u1+48 (Rehovot Weizmann 
Institute of Science, 1959 ) [109 

Forty-second Annual Report of the National Research Council of 
Canada, 1958-59, including the Annual Report of Canadian Patents 
and Deyelopmen! limited Pp 36 (Ottawa Queen's Mo 

10 

Bulletin of the Museum of Comparative Zoology at Harvard College 
Vol 121,No 3 The Spider Genera Achaearanea, Theron and Sphy- 
rotunus from Mexico, Central America and the West Indies (Araneae, 
Theridudae) By Herbert W Levi Pp 57-164+480 figures Vol 121, 
No 4 Three New Genera and One New Species of the Family Gono- 
stomatidae By Marion Grey Pp 165-184 Vol 121,No 5 The 
Anoles of the Eastern Caribbean (Sauria, Iguanidae), Parts 1-3 By 
Julian S Kenny, Victor © Quesnel, Garth Underwood and Ernest E 
Williams Pp 185-226+1 plate (Cambridge, Mass Museum of 
Comparative Zoology at Harvard College, 1959 ) [109 

Observatorio Astronomico de la Universidad Nacional de La Plata 
Serie Geoflsica Tomo VIII, No 3 Mejoras en la Apreciacion de 
Cargas Sismicas Por Simon Gershanik Pp 21 (La Plata Observa- 
torio Astronomico, 1957 [109 

Ahmedabad Textile Industry’s Research Association Proceedings 
of the Fifth Management Conference, January 28, 29, and 30, 1959 


Pp iv+93 (Ahmedabad Ahmedabad Textile Industry’s Research 
Association, 1959 ) [109 
Berichte des Deutschen Wetterdienstes Nr 54 (Band 8) Inter- 


nationale Tagung fur Alpine Meteorologie ın Garmisch-Partenkirchen, 
vom 14, bis 16, September 1958 Pp 303 39 40D M Nr 55 (Band8) 
Zum Problem der Verfrachtung Radioaktiver Spurenstoffe in der 
Atmosphare Von Hans Haarldnder Pp 82 (Offenbach a M 
Deutschen Wetterdienstes, 1950 ) [109 

Commonwealth of Australia Department of Supply Australian 
Defence Scientific Service Aeronautical Research Laboratories 
Annual Report, 1957-58 Pp 27 (Melbourne Australian Defence 
Scientific Service, 1959 ) 

Tanganyika Geological Survey Memoir No i Summary of the 
Geology of Tanganyika Part 1 Introduction and Stratigraphy 
By A M Quennell,A C M McKinlay and W G Aitken Pp u+ 
264+1 map Shs 20 Bulletin No 29 The Geology of the Nyanzwa 
Area (Quarter Degree Sheet 03 NW) By J K Whittingham Pp 
vii4-27--38 plates+1 map Shs 550 Map GS 1208  Mlah (Quarter 
Degree Sheet 53 NE) (Dar-es-Salaam Government Printer, 1959 ` 
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Population Reference Bureau, Inc Population Bulletin, Vol 15, 

o The Race Between People and Resources in the ECAFE 
Region—Part1 Pp 81-100 (Washington,DC Population Refer. 
ence Bureau, Inc , 1959 ) 50 cents [109 
Oak Ridge National Laboratory Articles published 1n Technica 
Journals and Reports published during 1958 by ORNL Staff Members 
Pp 11+41 (Oak Ridge, Tennessee Oak Ridge National Laboratory 
Union Carbide Corporation, 1959 ) [109 
National Science Foundation, Washington Providing US Scientist: 
with Soviet Scientific Information Pp 36 Revised edition (Wash. 
ington, DC National Science Foundation, 1959 ) [109 
Smithsonian Miscellaneous Collections Vol 189, No 8 Furthe: 
Observations on Distribution of Patterns of Coagulation of tht 
Hemolymph in Neotropical Insects By Charles Grégoire Pp 23 
(Publication 4879 ) (Washington, DC Smithsonian Institution 
109 
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Metropolitan Life Insurance Company Statistical Bulletin, Vol 4C 
(July, 1959) Longevity of the American People in 1957 Shght 
Decrease in Mortality Heart Disease in Childhood — Motor Vehicl 
Toll Rises Pp 12 (New York Metropolitan Life Insurance Com. 
pany, 1959 ) [10¢ 

Union of South Africa Department of Education, Arts and Science 
Report of the Archaeological Survey of the Union of South Afric: 
for the year 1st April, 1957, to 31st March, 1958 (Annual Repor! 
No 23) Pp 6 (Pretoria Government Printer, 1959 ) 

Canada Department of Mines and Technical Surveys 
No 296 Vernon Map-Area, British Columbia By A G Jones 
Pp 1x+186+14 plates 125 dollars Memoir No 299 ~Whitesal 
Lake Map-Area, British Columbia By 8 Duffell Pp 119+6 plates 
75 cents Memoir No 304 Silurian and Lower Devonian Formation 
in the Eastern Part of Gaspé Peninsula, Quebec By L M Cumming 
FD y +45+7 plates 50 cents (Ottawa Queen’s seats) 
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New South Wales Department of Agriculture Report for th 
year ended 30th June,1958 Pp 128 (Sydney Government Printer 
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NATURE AND THE RECENT PRINTING DISPUTE 


HE prmntmg dispute which fo: about six weeks 
held up much printing and publishing in Biitam. 

is now happily ove Unfortunately, durmg that 
period it was not possible to publish Natwe , never- 
theless, contributions contmued to be submitted from 
all parts of the world at the usual rate and volume 
This meant that the Editors were able to function 
and face then normal duties dung the dispute , but 
abnormal problems arose afterwards 

Now that the dispute has been resolved, type- 
setters, block-makers, printers and publishers through- 
out the country are findmg themselves tied by 
commitments and mundated with requests Nature’s 
problem is not only to catch up as quickly as 
possible but also to accommodate the many con- 
tiibutions which have been accepted before, during 
and since the strike Goodwill ıs prevailing among 
all those concerned with produeimg the journal, and 
a spirit of understanding emanates fiom the scientisis 
themselves These the Editors giatefully acknowledge 

However, 1n spite of all efforts bemg made by the 
punters, who have been so completely and com- 
potently m chaige of the production of Nature for 
the past well-migh thirty years, 16 has proved desnahle 
to mvoke the aid of othe: type-setteis and printers, 
especially if the ummediate aim 1s to be dual-purpose, 
that 1s, come up to date quickly but not at the cost 
of volume of work pubhshed Again we aie happy 
to iecoid that everyone connected with this move 
and the extension of activities 1s co-operating closely 
Nevertheless, such a project, involving as ıt does the 
tiansfe. of some manuscilpts not set, some type of 
those partially or completely set and the selecting of 
when and where these are to be sent for finishing and 
collatmg, 1s proving to be a heavy burden, especially 
on the Editors Yet this work ıs being carried out 
successfully and m good heart , and 1t 1s to be hoped 
that full issues of Nature will soon be appearmg on 
their appropriate dates 

Nevertheless, so complicated is this work that 
wheieas some communications are delayed, others 
aie bemg published more quickly than ıs normal 
No doubt the authors who are suffermg the longest 
delay are those whose manuscripts were only pai- 
tially ready fo. pimting when the dispute began 
The Editors regret that ın such cases they had no 
choice in the matter, and nobody can be blamed fo: 
this temporary set-back 

As readeis of Nature will have noted, the present 
modifications of normal procedure have iesulted m 
each issue being published m two paxts—the “Letters 
to the Editois" appearmg as a supplement 

Although this will help to expedite the publication 
of letters, and ease the stiam on the rest of the 
jownal, and although this will soon mean that even 
moie communications than hithe.to can be pub- 
lished, now is an appropiate time for enlisting the 
assistance of contirbutors and mdieatmg how they 


can help—though ıt should be stressed that the 
followmg comments apply to any jounal at any time 

When iefe11ing to the preparation of manusciipts 
foi press, m a lectine delivered before the Royal 
Society of Edinburgh some yems ago, M1 L J F 
Biimble suggested that a would-be autho. should 
ask himself the thiee followmg questions before 
maimg his manuscript (1) Have I said what I 
really mean? (2) Have I said 16 m the mmmum 
number of words ? (3) Is ıt necessary to say ıb at 
all? The fact that this was quoted m at least eighty 
journals throughout the world and afterwards per- 
sonally 1eiterated by othe: editois indicates that 
authors might well ponder such queries for the sake 
of themselves, then 1eaders and their editois 

By and large, an editor reserves the night to assist 
an author in deciding the answer to the thnd ques- 
tion, at any rate so far as his own journal is con- 
cerned, yet, even if acceptable, articles and other 
communications could often be much improved before 
submussion for publication, and foi this the author 
and/or his advisers are entuely iesponsible For 
example, corrections ın proof are exacting for a type- 
setter, tune-consuming for him and the primter, 
costly to the publishe: (and ın the case of some 
jounals to the autho: himself) and frequently 
niitating to the editoi, especially when the last- 
named knows full well that more careful preparation 
of the manuscript m its mitial stages would have 
rendered many such corrections unnecessary In the 
case of Natwe, costs of corrections are borne by the 
publishers 

There are authors who still 1ush then manuscripts 
to an edito: knowing that they have not yet said the 
last word on the subject, but who aun at correcting 
and umproving (?) i» proof Recently, fo: example, 
the manuscript of a communication to Natwe con- 
tained the following numerical values 7 28 + 0 82, 
8 92 -- 1 09 , these weie changed to 11 18 + 
130,512 +0 85 in. the proof 

Although m general authors are 1easonable with 
their corrections, there are those contiibuto1s whose 
corrections cost more than the original setting 
Perhaps the most expensive author ıs he who does 
not hesitate to make changes on the proof of an 
illustration which he himself had o1igmally prepared, 
apparently assuming that such changes aie possible 
Actually, except m the case of very minoi alterations, 
a new block has to be made, which may cost several 
pounds sterlmg 

Another problem which must now be facing all 
editois of scientific jownals and certainly most 1eadeis 
of such journals ıs that of abbreviations Obviously, 
many of these, symbols, etc , a1e essential to such an 
exact discipline as science, but among a high pei- 
centage of scientists to-day the devising of abbievia- 
tions seems to have developed into a cult Often the 
straightforward full word 1s all that 1s needed , but 
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even more important in any journal which covers 
all branches of science, i6 must be borne in mind 
that an abbreviation often has moie than one 
meanmg, especially between one subject and another 
Fo: example, a geologist recently submitted a com- 
munication contamung the letters BC to mean 
Boulder Clay To most biochemists PAS means 
periodic acid-Schiff, but to others ıt may mean 
para-amino-salicylic acid The symbol H. has been 
adopted by some to mdicate histamune, but for a 
very long tıme to all scientists 16 has been the symbol 
for hydrogen One author expected the editors to 
use the expression cytidylic aoid-Ü-C to mean 
“uniformly labelled cytidylic acid with respect to 
carbon atoms contained therem" To a few authors 
the lettas DCL stand for Distillers Co, Ltd , 
whereas in the much wider field of academics these 
have a quite different connotation Some physio- 
logists mdicate cardiac output by the abbreviation 
CO which might well confuse others One author 
who wrote MIT to mean monoiodotyrosine had 
apparently not heard of the Massachusetts Institute 
of Technology 

There ıs no doubt that many abbreviations aie 
essential for they can be so exact, but there are 
cortainly a number of authors who apparently 
imagine that ther articles appear more ‘scientific’ if 
these are peppered with abbreviations Although the 
Editors of Nature are now well versed in abbrevia- 
tions adopted by scientific writers, such 18 the present 
height of this Tower of Babel that the former some- 
times have to refer a communication back to an 
author askmg what he means This is, to say the 
least of mb, a waste of time Recently a communica- 
tion received had anything from one to three 
abbreviations m each line (some obviously made up 
by the author himself) The communication defied 
mterpretation , yet after the author had been shown 
the error of his ways, the revised manuscript, without 
a single abbreviation, revealed an elegant and 
interesting piece of research work But before that 
communication could be published ıt had to pass 
backwards and forwards three times half-way around 
the world 

It 1s not irrelevant to point out now that, despite 
many efforts at achieving standaa dization in scientific 
piesentation, journals vary considerably, though 
each one endeavours to be consistent within itself 
It would save much time and, indeed, be a courtesy 
to any editor, if an author consulted beforehand the 
journal to which he proposes submittmg his manu- 
script He would certainly obviate the risk of enors 
For example, Nature endeavours to be consistent m 
the wav footnote references are inserted, yet fie- 
quently authors adopt ther own methods (or those 
of othe: journals), and these, sometimes bemg quite 
different from Natwe’s custom, mvolve extra work 
on the part of the Editors and the risk of wrong 
quotations or citations 

Perhaps the most problematical of all authors 1s 
he who wishes to withdraw his communication aftei 
it has been submitted The timmg of such with- 
drawal 1s often very awkward If the author with- 
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draws at about the same time as the editor decides 
to reject then little harm has been done But if the 
author withdiaws, as he sometimes does, afte: the 
communication has been set in type, then consider- 
able costs have been incurred and the time of editors, 
type-setters (and sometimes even block-makers and 
printers) has been wasted Moreover, if the request 
to withdraw comes afte: the contribution has reached 
page-proof stage, then really difficult editorial and 
printing problems arise An author is therefore well 
advised to ponder his communication after he has 
written it, and scrutinize fully the possible con- 
sequences to himself and the readers of his com- 
munication, before submitting 16 to any journal, for 
there 1s the ultimate risk, which sometimes occurs, that 
1$ 18 too late to withdraw the publication, anyhow 

The foregomg suggestions and observations should 
be considered carefully by all hkely contributors to 
the columns of Nature, for they apply at any time, 
though never so urgently as at present It ıs to be 
hoped that all authors and readers will recognize the 
inevitability of a certam amount of delay durmg this 
period of getting back to normal, though we have 
already reached the stage when genumely urgent 
material can be dealt with promptly The time is 
not fai off now when Nature will agam be on an even 
keel so fai as date of publication 1s concerned, and 
equally as soon 15 1s hoped that oven more text than 
hitheito can be accommodated 

The Editors gratefully acknowledge the assistance 
given and co-operation shown by all type-setters, 
block-makers, printers and publishers durmg what 
has turned out to* be the most exacting period in 
Natwe’s history , and everyone concerned with the 
production of the journal has been encouraged by 
the sympathetic understandmg shown by scientists 
the world over 


FORTY-SEVEN AUTHORS IN 
SEARCH OF A CONCLUSION 


Virus Growth and Variation 

Ninth Symposium of the Society for General Micro- 
biology held at the Senate House, University o! 
London, April 1959 Edited by A Isaacs and B W 
Lacey Pp vii+272 (Cambridge At the Univer- 
sity Press, 1959 Published for the Society for 
General Microbiology ) 35s net 


Perspectives in Virology 

A Symposium Edited by Morris Pollard Pp 
xix4 312--2 plates (New York John Wiley and 
Sons, Inc , London Chapman and Hall, Ltd, 
1959 Published for the Institute of Microbiology, 
Rutgers University ) 56s net 


Advances in Virus Research 

Vol 6 Edited by Kenneth M Smith and Max A 
Lauffer Pp vin+382 (New York Academic 
PresswInc , London Academic Books, Ltd , 1959 ) 
10 dollars 


HE most integrated of these three volumes ıs 
the collection of essays on virus multiplication 
that the Society for General Microbiology expected 
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those attending the symposium, that 1t arranged m 
April, to have bought and read before the meeting. 

There 1s now fairly general agreement with the 
opinion, stressed by some when the same symposium 
was held in 1952, that virus multiplication cannot 
usefully be compared to the growth of a miero- 
organism on an mert medium Rather, it ıs the 
exploitation and diversion of the pre-existing syn- 
thetic capacities of the host cell One product of 
this anomalous metabolism 18 material that resembles 
the intruder It 1s, however, clear from the papers 
by Harrison and Hoskins that the host has definite 
synthetic preferences Not only is there the well- 
known insusceptibihty of most organisms to most 
vnuses, but there are many examples of variation 
induced by the host ^ Virus mfection is a general 
metabolic derangement, and the derangement often 
precedes any apparent virus multipheation 

Luria, Kellenberger and Hirst stress the analogy 
between genetic processes and virus multiplication 
It may well be that this 1s more than an analogy and 
that there ıs substance m Muller’s suggestion in. 1922 
that viruses could be likened to free genes Some 
writers, though not those quoted, have followed the 
analogy blindly and made ıt seem ridiculous Put m 
sober biochemical terms, ıt amounts to the pro- 
position that, among the mechanisms deranged, are 
those normally concerned with the production of 
whatever ıt 1s that genes are made of and of the 
nucleoproteins of chromosomes Enthusiasts will find 
that a colourless way to put the matter, but this 
may serve to bring out the diversity of the problema 
There was a time when some biochemists announced 
resoundingly that they were studymg ‘oxidations’ or 
even ‘enzyme actions’, we now have the sense to 
state the substrate and tissue actually used So, 
too, with viruses Different viruses m the same host 
interfere with different processes and the normal 
piócesses most commonly deranged vary from host 
to host This book makes 1t abundantly clear that 
there 1s no one answer to the question, “low do 
viruses multiply" ? 

‘Perspectives in Vnology" is less mtegrated It 
contains a charming essay by Dubos on the breaking 
of tulips , he realizes that a perspective can pomt mn 
any direction On the historical framework of the 
part played by this virus infection m promoting the 
spread of tulips around the world, he discusses the 
irrationality of the ceritera by which we commonly 
distinguish symbionts from pathogens The puzzling 
relations between pigs, earthworms, lungworms ard 
the hog cholera virus are clearly and thoughtfully set 
out by Shope Almost half the symposium 1s devoted 
to tumour causation  Kilham discusses transforma- 
tions and points out that many effects are as likely 
to be the result of the failure of a restraint as of the 
appearance of a new capacity Beard deals with 
current work on viruses as a cause of cancer This 1s 
a sensible article marred by the isolationist syndrome 
that often makes American scientists concentiate on 
work done in their own country Its historical per- 
spective ıs also Inmited, thus Gye does not appear 
among the 114 references fashions in science are 
cyclical, so that one advantage of a knowledge of tne 
older literature 1s that 16 gives one an up-to-date, or 
even advance, perspective on contemporary @ontro- 
veisy The names change but the issues remain 
much the same 

The papers making up this symposium were 
apparently presented m February 1958, and thb 
diseussion that followed 18 printed though some of 16 
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is rather shght — Verbatim treatment has, however, 
the immense advantage that ıt preserves several of 
Peyton Rous’s remmiscences and anecdotes, and 
these might well have been shorn from a strictly 
edited version 

"Advances ın Virus Research" appears annually 
and 1s, naturally, without unity A third of this issue 
18 devoted to a review by Sonneborn on kappa and 
related factors in Paramecvum , ib 1s comprehensive 
and mcludes a valuable survey of similar bodies found 
in other protozoa and in insects, and a discussion of 
the reasons for lookmg on a particle as large as 
kappa as a virus In the course of this he discusses 
the limits of the category ‘virus’ and this is probably 
the main reason for meludmg the essay ım the 
volume But ıt would have made an excellent 
127-page book on its own Two articles deal with the 
purification procedures used for plant and polo- 
myelitis viruses It 1s useful to have all these methods 
collected together, but ıt may be that the authors 
under-rate the extent to which differences in the 
precise state of the host tissue, normally used m 
different laboratories, will affect the way im which 
these methods work m practice Consideration 1s 
also given to the mactivation of polio virus for use 
as a vaceme, here ib is puzzling to find attention 
concentrated on formaldehyde There are many 
other potentially useful mactivating agents with 
more systematic and predictable behaviour There 
are lucid articles by Brenner on phage genetics and 
by Broadbent and Martmi on the spread of plant 
viruses The latter give so many examples of trans- 
mission through seeds that we can no longer regard 
this as unusual 

A review of thirty-srxx articles ıs necessarily 
selective , a list of titles and authors alone would 
nearly have filled the space allowed In general, the 
standard 1s high and 16 1s by no means a bad thing that 
widely different audiences are armed at One wonders, 
however, whether such ephemeral material needs to 
appear with so expensive a format The total cost 
of these three volumes 1s £8 N W PRE 


FROM AXES TO ATOMS 


Man the Maker 

A History of Technology and Engmeerng Bv 
Prof R J Forbes Pp xvi+365+41 plates 
(London Constable and Co, Ltd, 1958) 30s net 


s AN the Maker" 1s certainly the most flatter mg 

inage of him For whatever else may be 
dubious m man’s relatively brief history, there 1s no 
doubt that his capacity to make (or, rather, construct 
for man creates nothmg) has steadily increased 
Beginnmg with no more than the power to chip and 
hack, endowed with an mstmetive dexterity less than 
that of some msects, he has acquired tool after tool 
and mastered process after piocess, until he can 
rearrange to accord with (at least partially) pre- 
determined patterns all the component parts of the 
universe withm his range, from the particles of the 
nucleus to millions of tons of rock and water The 
growth of man’s power, as Prof Forbes tells 1t, 1s the 
strongest confirmation of progress that history can 
offer Itisastory without retrogressions, without Dark 
Ages Further, he 1s right to msist that this growing 
power has been used for constructive purposes, unless 
we would limit men to the status of feeble parasites 
As the first men took flesh from animals and branches 
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from trees, then suecessois have gone on to pillage 
the Earth and poison the an on a scale ever propor- 
tionate to ther growing power, for they could not 
bud without materials noi beautify without makmg 
ughness But build they did and as a 1esult human 
hfe has become ever more secure and comfortable 
and its focus has moved from the stomach to the brain 

The history of technology divides mto two essen- 
tially different overlapping phases The first ıs the 
development of ciaftsmanship, the limit of which is 
whatever 1s best of 1ts kmd, though not necessarily fo: 
its function Some stone axes are perfect examples of 
craftsmanship, but a Woolworth’s one is a better 
tool The second ıs the transfei of ciaftsmanship to 
the machine and the factory, the production of which 
has no hmit m whatever 1$ good or bad Once man 
had learnt to hunt and grow, to carpenter, smelt, 
and weave, as he had by about 2,000 B c, the early 
history of techniques is largely concerned with the 
development of the fine crafts of the potter, silver- 
smith, silk-weaver and dye: Such artisans possessed 
the most advanced skills Under successive empnes 
fiom the Egyptian to the Holy Roman they supplied 
thew masters with beauty and luxury while the life 
of the peasant masses continued essentially unchanged, 
equally ungraced by the pottery of Corinth or Deruta, 
by the steel of Noricum or Toledo, by the lnen of 
Pharaohs o: the scarlet of kmgs So far as the 
majority of humanity was aware of the finest works 
of ingenuiby m machines, ın a1chitecture, ın weapons 
ol m pageantry, ib was aware of them as arousing 
superstitious wonder or deferential awe Until some 
500 years ago technological progress, the use of 
metals and of bright colours, the buildmg of clean, 
solid houses, the availabilty of transport and of 
variety of food, diffused downwards to the masses 
of Europe and Asia with incredible slowness Nor 
in the age of craftsmanship could ıt be otherwise 
Beginning under the Romans, however, and gathermg 
momentum durmg the Middle Ages m. Europe, ıs a 
new trend that wil break down such 1iestiictions, 
the mmportance of which ıs fully recognized by Prof 
Forbes This is the use of powered machmes The 
most astonishing fact ın his book ıs given on p 328 
half the available energy in the United States 18 con- 
sumed by its mhabitants for them private uses, the 
othe: half bemg nearly evenly divided between 
manufactme and conversion-losses That is the true 
sign. of the affluent society 

The author, whose association with Royal Dutch 
Shell and experience as a historian of science and tech- 
nology give him unique authority, has devoted more 
than a thud of his book to the ea1lie: phase of man's 
career as a maker This section of the book, though 
1t can enter mto little detail of how things were done 
by the laborious craftsman, gives a clear and balanced 
account of the o1igms of the chef manufactures , 
noi are their social effects ignored The later and 
longer section on the last five hundred years has 
much detail of mventions and their development 
Prof Forbes shows a wise caution in applaising the 
contribution of pure science to mvention and the 
revolution in technology the importance of science 
in this respect is little more than a century old The 
extension of the wind- 01 water-driven machme from 
coin-mulhng to fulling, smelting, pumping, spinning 
and weaving , the use of coal as a fuel and cast iron 
as an engmeeling material, the mastery of steam 
and the begmnings of industrial chemistiy were all 
effected through ciaft empincism Changes in 
industrial organization were scarcely less productive 
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than the new techniques The effects of science in 
the nineteenth century weie wiought on a world 
already changed, crudely perhaps, yet 1eachmg 
towards “a rational exploitation of the materal 
would on behalf of the common good" Through 
machinery and power, through book-prmtmg and 
cotton-manufacture, 1ailways and precision lathes, 
sulphuric acid, soda and glass, quantity production 
was offering the eaith-bound peasant more than the 
whole history of craftsmanship had eve. provided 
for the few That, one cannot deny, 1s progress in 
making 

The text of ‘Man the Maker”, now 1e-1ssued, 1s 
identical (even to musprints) with that issued by 
Henry Schuman (New York) m 1950 The author 
has enlarged the epilogue by several pages and has 
revised the bibliography Although historians of 
technology are not idle, the book 1s still the broadest, 
most readable and complete suivey of the field It 
1$ written with continuity, perspective and social 
sense Some casual statements that will annoy 
specialists and a number of 1elatively trivial slips on 
date and name might have been corrected, but these 
are minor blemishes on a work that will open a new 
prospect of the past to many leaders 

A R Hat 


HEAVIER ELEMENTS 


The Transuranium Elements 

By Glenn T Seaborg (Yale University —Mrs 
Hepsa Ely Sillunan Memouial Lectures ) Pp xx +328 
(London Methuen and Co, Ltd, 1958) 50s net 


HE material ın this book was originally presented 
at Yale University in lectwwe form during 1957 
After considerable expansion, ıt was published as 
one of the series of books produced by the Addison- 
Wesley Company and presented by the United States 
Government to foreign delegates at the Umted 
Nations Conference on the Peaceful Uses of Atomic 
Energy, Geneva, 1958 It is now available in a 
different binding published in Great Britain by 
Methuen 
Prof Seaborg has a well-established place in the 
discovery and elucidation of the complex chemistry 
of the transurantum elements, and any new publica- 
tion by him ıs deserving of our close attention This 
book ıs not, however, written for the specialist in 
this field and 1s of quite a different character from the 
highly successful volume “The Chemistry of the 
Actiude Elements" written in collaboration with 
J J Katz Moreover, much of the basic material 
has appeared previously 
There are four main sections The first 1s historical, 
beginning with a detailed description of the discovery 
of plutonium early in 1941, and contmuing through 
the development of methods for its large-scale 
separation, with some digressions on the related 
actimde elements This section 18 not easy reading 
despite the mtroduction of a considerable number of 
personal recollections of important events the 
inclusion of long lists of names in the running text 1s 
distractmg The emphasis ıs on the chemists whose 
contribution to the success of the war-time project 
for the synthesis and separation of plutonium was 
only briefly mentioned m the Smyth Report of 1945 
Although the reviewer 1s not in a position to judge 
the accuracy of detail in the accounts given of this 
very early work in the United States, some eriors 
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and musleading statements were detected m the brief 
references to the British project. As examples, no 
distinction 1s made between R W. Spence (of Los 
Alamos) and R Spence (of Harwell) on p 78 and 
in the mdex, and the work of Welch and collaborators 
on plutonium compounds (pp 87-88) ıs erroneously 
quoted as having taken place at Harwell rather than 
at Windscale The brief description of the Chalk 
River Laboratories (p 73) does not mention the 
important laboratory-scale development of the 
Windseale plutonium separation plant durmg tne 
period 1945-48 

The second section of the book, m which tne 
chemical properties of the actimde elements ere 
discussed briefly mm a correlative manner, 1s mare 
digestible Although one must agree with the author 
that the main points of the actmide concept are now 
well established, there will still be many chemists 
reluctant to see the undiscovered element 104, instead 
of thorum, taking the eka-hafnium position in the 
periodic table At the end of the book there ıs a 
shorter fourth section in which Prof Seaborg attempts 
to extrapolate the generalizations he has derived to 
predict the chemical and nuclear properties of 
elements well beyond those which have yet been 
successfully synthesized The magnitude of the 
experimental problem of :solating such elements 1s 
illustrated by a detailed description of the discovery 
of element 101 Since an average of only one atom of 
element 101 was expected to be produced in each 
experiment, the subsequent separation and identi- 
fieation must rank as one of the most outstandmg 
feats in the history of chemistry 

The most valuable part of this book 1s the third 
section, which deals systematically with the nuclear 
properties of the trans-uranium elements However, 
there 1s here, as m the rest of the book, a complete 
lack of detailed reference to sources of information 

In summary, the book, though contammg much 
material of mterest, ıs written m such a way as to 
fall rather awkwardly between two stools Specialists 
in the field will prefer other expositions on the subject 
by the same author, while the layman mterested m 
Scientific matters will find difficulty m followmg the 
book, as a considerable background of scientific 
knowledge 1s required for a full understanding of even 
the historical sections 

The book 1s well produced, with a commendable 
lack of typographical errors J K Dawson 
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SCIENCE EDUCATION 


The Challenge of Science Education 
Edited by Joseph S Roucek Pp xi1+491 
York Philosophical Library, 1959 ) 10 dollars 


HEN Sputmk was announced to a startled 

world in Octobe: 1957, the reaction in the 
United States was immediate and vigorous, but ro- 
where was ıt more unsettling than in certain radical 
pioposals for revolutionizmg the American educa- 
tional system by copymg that of the USSR This 
book ıs an attempt to make a first systematic survey of 
the post-Sputmk educational practices in the field of 
science in the United States, the USSR and Rritam 
The work ıs edited by a former Czech, who commences 
with a brilliant, short historical account of the 1Ómpaot 
of science upon human thought and behaviour More 
than thirty collaborators are each responsible for a 
chapter, and these include Dr James R Kılan, 
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lately consultant to President Eisenhower, and Dr 
Werner Heisenberg The contributions differ ın size 
and value as 1s to be expected, and the treatment of 
the subject 1s generally diagnostic and experimental 
rather than conclusive Standards and content ın 
American science education vary more by reason of 
geographical location, religious and political factors 
than they do m Britam, though so far as the last 
18 concerned, even here ıt still remams to be seen 
whether politics, which has mvaded the field of 
secondary education, as m Derbyshire, will prove 
harmful to science teachmg at a high level ın the 
grammar schools The salary-levels, which affect the 
recruitment of suitable men and women to teach 
science, operate m the United States more forcibly 
than m Britain, and there ıs the added difficulty of the 
lower rating in social status ‘Don’t become a 
teacher,” said the head of one science college m 
the United States, “we want to be pioud of all our 
men" 

Werner Hetsenberg’s defence of a background 
education ın the classics in relation to his own mental 
development as a theoretical physicist is most 
interesting and suggestive , and so are the chapters 
on new approaches to mathematics teachmg by 
using the theories of sets and probabihty The 
underlying tone of the book 1s by no means optimistic 
There 1s a quotation from Don K Price (‘‘Govern- 
ment and Science"), who concludes that “The role of 
world leadership 1s an uncomfortable one , 1t requires 
a steadiness of purpose, an economy of our energies 
and a breadth of philosophy that have never been 
characteristic of American temper” 

The short account of science education in Great 
Britain (though 1b might have been more accurate 
to say England) by Dr Kenneth Laybourn of Bristol 
and the longer account of the USSR by L A D 
Delhn of Vermont are very useful summaries 

The documentation at the end of each chapter is 
excellent Every chapter is worth readmg and ponder- 
ing on, particularly by those who are mterested in 
science and mathematics teaching, but generally by 
those who have any interest m mamtaming the free 
world W L SUMNER 


SIR CHARLES HASTINGS 


The Life and Times of Sir Charles Hastings, Founder 
of the British Medical Association 

By Wilam H McMenemey Pp xu+516+32 

plates (Edmburgh and London E and S Livmg- 

stone, Ltd , 1959) 50s net 


T5: 1951, Dr W H MeMenemey was invited by the 
Couned of the British Medical Association to 
deliver the first Sir Charles Hastings memorial 
oration, for which task he was singularly well 
equipped, for he had worked for several years as 
pathologist at Hastings’s own hospital, and in 1947 
had made a name for himself with his scholarly and 
charmingly written 'fHistory of the Worcester Royal 
Infirmary” An elaboration of this oration, “The 
Life and Times of Sir Charles Hastmgs” ıs a huge 
tome to which the hackneyed phrase “labour of 
love" may unhesitatingly be applied It will for 
long remain the standard biography of the founder of 
the British Medical Association and of the architect 
of the Medical Act of 1858 Dr McMenemey possesses 
a scholar’s conscience ın consulting original sources, 
and he quotes extensively and happily from con- 
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temporary medical periodicals, newspapers, minutes 
and letters, yet he wears his learning hghtly and 
unobtrusively, and his style 1s both elegant and 
dehghtful Some readers might criticize his story 
on the grounds that its too detailed and too discur- 
sive, and that the lengthy accounts of his contem- 
poraries detract from a true appreciation of the subject 
proper of the biography , but even those who would 
have preferred a more succinct narrative will yield 
to none ın their admiration for an invaluable work of 
reference 

We meet Charles Hastings as a medical student at 
Edinburgh, where he developed “a catarrhal mflam- 
mation of the lungs", which was treated by the distan- 
guished physician, James Gregory, and we Jearn that 
this malady mspired his lifelong interest m diseases 
of the chest In 1820 was published his classic 
“Treatise on Inflammation of the Mucous Membrane 
of the Lungs”, which was translated into German two 
years later We accompany him to Worcester, where 
he was appomted physician to the Infirmary, and 
watch him first using the stethoscope ın the summer 
of 1820 We read how he founded, and edited, the 
Midland Medical and Surgical Reporter ın 1828, 
and m 1832 launched the Provincial Medical Associa- 
tion, which was watched by Thomas Wakley in 
London “carefully and with considerable suspicion” 
Little did Wakley realize that one day 1t would grow 
into a British Medical Association Hastings was 
“the pivot around which the Association revolved, 
for they all looked to him for guidance and mspira- 
tion” We are told that he narrowly escaped becom- 
ing mayor of Worcester, paying a fine of £50 for having 
refused office We see him in the role of naturalist and 
m his company attend a dinner where twenty toasts 
were drunk ‘‘When the celebrants finally arose they 
had completed just over sıx wonderful hours of feast- 
ing and conviviality " It ıs mteresting to find that 
iin 1844 a National Association of General Practi- 
tioners was formed with seventeen branch secretaries 

Lavishly and  fasematmgly illustrated, Dr 
McMenemey’s book bristles with bitter controversies 
in "disturbed and disputatious” meetings It con- 
cludes with a bibhography of Hastmgs’s writings, a 
general bibhography, and a model index I lke 
the chapter headings W R BETT 


PANBIOGEOGRAPHY 


Panbiogeography or an Introductory Synthesis of 
Zoogeography, Phytogeography, and Geology, 
with Notes on Evolution, Systematics, Ecology, 
Anthropology, etc 

By Léon Croizat Vol 1 The New World Pp 

1018 Vol 2a The Old World Pp w+1-771 

Vol 2b- The Old World (continuation) Pp m+ 

772-1731 (Codicote, Nr Hitchm Wheldon and 

Wesley, Ltd , 1958) £16 10s (paper bound) 


T 18 a distinct understatement to call this enormous 

work unusual Published m three separate books 
making up two volumes which weigh something like 
ten pounds unbound, it contams 2,700 pages and 
probably at least a milion words To this must be 
added that 1t 1s highly prolix and repetitive , that 1t1s 
written m a peculiar brand of sem1-colloquial idiomatic 
English which often obscures the author’s exact 
meaning , and that it contains too many anmadver- 
sions on biologists with whose views Dr Crozat 18 
not m accord In short, the author seems to have 
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put almost every possible obstacle m the way of the 
reader who wishes first to understand and then 
carefully to consider his opinions This 1s all a great 
pity because there are two excellent reasons at least 
why this magnum opus should on no account be 
regarded as unreadable and therefore safely to be 
ignored 

The first reason 1s that the book is a vast compen- 
dium of information about plant and animal distribu- 
tion which is arranged and discussed on a geographical 
and not a taxonomic basis, thus making 16 much more 
valuable than ıt might otherwise be Indeed, the 
broad sweep of its geographical background 1s one of 
the book’s best features The first volume begins 
with an introduction, which concludes with a remark- 
able piece of self-criticism by the author, and 1s there- 
after concerned with the New World m general and 
then with Venezuela, Colombia, Ecuador, the West 
Indies and Galapagos (that 1s, with several crucial 
areas) m particular The first book of the second 
volume deals with Africa, Eurasia, Malaysia and 
Australasia the second book covers Polynesia and 18 
thereafter made up of conclusions , a long epilogue on 
evolution , and various addenda, of which the most 
extensive ıs one on physical anthropology The 
chapter of conclusions 1s the shortest of all the 
chapters but also the most readable 

The second reason 1s that Dr Croizat is a man of 
quick intelligence who has for years pondered over 
many fundamental problems of biology, not only m 
its narrower sense, but also 1n 1ts wider philosophical 
expression ın which ıt comprehends the whole history 
of the human race and of its thought His comments 
and beliefs on many such subjects are interlarded, as 
it were, through his immensely long recital of the data 
of biogeography, but they often reveal great discern- 
ment and may therefore be forgiven for any digres- 
sions they cause. 

As regards biogeography Dr Croizat’s main thesis 
is that plant and animal distribution, using this 
word in its more particular sense of ‘dispersal’, must 
not be studied in isolation , 1b ıs simply one aspect 
of the three basic factors of evolution, namely time, 
space and form To quote his own words, his book 
“replaces the Darwinian understanding of ‘species’ 
originating at some definite spot on the map and 
‘migrating’ va ‘occasional means’ with a fitting 
understanding of form-making and translation in 
space as a single process" 

Thus, this vast book ıs, m essence, a study m 
evolution, chiefly, but by no means only, from the 
biogeographical point of view It ıs clearly inspired 
by the author's discontent with the approaches 
to this subject of Darwin, Wallace and some of their 
successors, and so 15 18 yet another contribution to the 
swelling stream of opinion that the general biological 
outlook which we now call Darwinism, however great 
its value may have been m the past, 1s no longer 
a suitable vehicle for progress m the biological 
sciences 

The maps, with which the book 1s hberally supplied, 
are open to some criticism Most of them might be 
clearer and too many of them are drawn on Mercator’s 
projection, which 1s quite unsuitable for depicting 
biological distributions Also, they are too plentifully 
supplied with arrows purporting to show movement 
along various ‘tracks’ of migration It 1s easy enough 
to postulate tracks of this sort but 1t 1s quite another 
thing to produce satisfactory evidence to show which 
way along them movement has been 
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Electron Impact Phenomena 


and the Properties of Gaseous lons 


By F H FELD and J L. FRANKLIN, Humble Oil and Refining Company, Baytown, Texas 
1957, 349 pp., illus, 68s 


Volume 2 


Nuclear Moments 


By HANS KOPFERMANN, Erstes Physikahsches Institut. der Universitat, Heidelberg 


English version prepared from the secona German edition by E E SCHNEIDER, King’s College, 
University of Dui ham, Newcastle upon Tyne 
1958, 505 pp., illus , 93s. 
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Principles of Quantum Electrodynamics 


By WALTER E THIRRING, Umversitat Bern 


Translated from the German by J BERNSTEIN, The Institute for Advanced Study, Princeton With 
corrections and additions by WALTER E THIRRING 
1958, 234 pp., Wus., 645 
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Irreducible Tensorial Sets 
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Group Theory 


and Its Application to the Quantum Mechanics of Atomic Spectra 
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By EUGENE P WIGNER, Princeton University 

Translated from the German by J J Gref, University of California, Los Alamos Scientific 
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Medical Surveys and 
Clinical Trials 


Edited by L. J. WITTS, cs. 
Nuffield Professor of Clinical Medicine ın the University of Oxford 


During the present century a new technique of clinical research has been developed 
which consists of the study of disease ın groups instead of—as ın past centuries—in 
individual patients This book, which ıs the first to be written on this increasingly 
important branch of research, will prove mvaluable not only to those holding full- 
time research appointments but also to all engaged 1n any branch of clinical medicine, 
whether as consultants or general practitioners. 

The book 1s divided into two parts Part I, Methods and Part II, Applications 
The first part commences with a chapter on the general principles of group research 
followed by chapters on diagnosis 1n group research , prevalence surveys , prospective 
and retrospective studies, follow-up studies, prophylactic and therapeutic trials , 
the use of volunteers, controls, placebos, and questionnaires in clinical trials, and 
operational research in medicine 

The second part shows how these methods may be applied in many different 
branches of medical science, each chapter being illustrated by a number of relevant 
examples which show what has already been achieved by these methods of research 
No attempt has been made to include all branches of clinical medicine but those 
selected for detailed discussion provide ample information for workers in any other 
branch of medicine. Part II contains chapters on genetics, the assessment of nutritive 
child development and health, chest diseases, cardiovascular diseases, diseases of 
joints, mental illness, cancer, and tropical diseases 

Each chapter contains a full list of references and, m addition, a bibliography 
on observer variation and error has been 1ncluded 

Every author has written from wide personal experience and all have made a 

number of distinguished ;contributicns to medical research, many of which are used as 
the actual working examples that appear in the different chapters of this book 
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‘0 produce within a — vol 

sive and up-to-date treatment of 
is developing so rapidly as plant growth substances 
is no mean achievement. Yet in this second and 
revised edition of his book; Audus has done this with 
considerable success. As in the first edition, physio- 
logical. aspects of growth-regulating activity receive 
careful attention throughout, but in addition a new 
chapter on the mechanism of action of the auxins, 
dealing with more fundamental physiology, is now 
included. Other changes in the book are shown in 
the more detailed treatment given to flowering contrel 
and chemical control of sexual processes in lower plants 
and to non-auxin type growth substances. The 
chapter on the chemistry of the auxins has also been 
considerably expanded. 

Although this is an excellent book, it is perhaps 
pertinent to ask whether it is attempting to eater for 
too many classes of reader. In the reviewer's opinion, 
most of the contents are far beyond the reach of the 

“non-scientific layman”, whose requirements would 
‘perhaps be met better by a book written specifically 
for him. 

. With this reservation, the present volume ean be 
confidently recommended. It is well produced with 
excellent photographs and diagrams. Many references 
to original work are given and appendixes relating to 
the practical use of growth substances in agriculture 
and horticulture are provided. R. L. WAIN 


The Design of Physics Research Laboratories 

A Symposium held by the London and Home Counties 
Branch of the Institute of Physics at the Royal 
Institution, 27 November, 1957. Pp. 108. (London: 
Chapman and Hall.Ltd.; New York: Reinhold 
Publishing Corporation, 1959. Published on 
behalf of the Institute of Physics.) 21s. net. 


HE proceedings of the symposium on “The 

Design of Physics Research Laboratories" held 
on November 27, 1957, at the Royal Institution and 
organized by the London and Home Counties Branch 
of the Institute of Physics have now been published 
in book form. A report of the symposium appeared 
in Nature (181, 90; 1958). The symposium was very 
timely and extremely successful. It was attended 
by some 400 architects, physicists and others in- 
terested in the design of research laboratories, and 
the book contains a full account of the proceedings, 
including the discussion and many of the photo- 
graphs which were presented as lantern slides. 
Nobody who is about to plan a new physics labora- 
tory or an extension to an existing laboratory should 
omit to read this volume first. It contains a wealth 
of excellent hints and reminders, and may save much 
expense in assisting to avoid faulty design and much. 
time in providing quick and accurate reference to the 
authoritative literature. It is difficult to summarize 
the contents, but all those who have had experience 
of planning buildings and the responsibility of super- 
vising the construetion will agree most wholeheartedly 
with the statements that properly planned sound 
construction using lasting and easily maintained 
materials is the most economical, and that regular 
site meetings should take place between the user 
of the building, the architect and the most essential 


/, supervisor” 


eri- 
subjeet which 








; whom Mt. Emmerson calls “the bulding 
"ànd who should be the sole official 
annel of communication between the various 
ies concerned in the building of the laboratories. 
S. WEINTROUB 





Aromatic Substitution 

Nitration and Halogenation. By Dr. P. B. D. de la 
Mare and J. H. Ridd. Pp. vii--252. (London: 
Butterworths Scientific Publications; New York: 
Academic Press, Inc., 1959.) 505. 


HIS book deals with the nitration and halog 

tion of aromatic compounds. Two introdu 
chapters cover the basic principles of elec e 
theory and methods used to investigate reaction ' 
mechanisms. Next follows & group of four chapters 
dealing with methods of nitration and the mechanism 
of the nitration reaction, and then a further group of 
four chapters dealing likewise with halogenation. The 
authors then review substitution in diphenyl, in poly- 
eyclic hydrocarbons, in non-benzenoid hydrocarbons, 
and in heterocyclic systems, and substitution reactions 
involving displacements of groups other than hydro- 
gen. The final chapters deal with molecular orbital b 
calculations of reactivity and with linear free energy 
relationships. 

Tho authors have succeeded in giving an excellent, 
well-written and critical aecount of their subject. 
Although the book is both short and readable, no 
important aspect seems to have been omitted and 
no important papers overlooked. The authors have 
not been afraid to express forceful opinions on a 
variety of controversial issues—a pleasant pheno- 
menon in this era of depressingly uneritical com- 
pilations. The book is, moreover, very well produced -. 
and the price most reasonable. It can be strongly 
recommended to any chemist interested in organic 
reaction mecbanisms. M. J. S. Dewar 













Constitutional Diagrams of Uranium and Thorium 
Alloys 

By Frank A. Rough and Arthur A. Bauer. 

Wesley Physics Books.) Pp. wi+ 154. 


(Addison- 
(Reading, 


Mass.: Addison-Wesley Publishing Company, Inc., 
1959.) 5 dollars. 


HIS book, which supersedes the Battelle 

Memorial Institute publication, Compilation of 
U.S, and U.K. Uranium and Thorium Constitution 
Diagrams", is a new compilation of United States 
and United Kingdom uranium and thorium con- 
stitutional diagrams. The book is divided into two 
major sections, one for uranium and the other for 
thorium. Each section is preceded by a short account 
of the transformation temperatures and crystal 
structures of the base metal. The method of pre. . 
sentation is the constitution diagram, with a short | 
account of the investigations on the system, the 
essential data on the crystallography of the com- 
pounds and a list of references for each alloy. Most 
of the references are unclassified, but in several 
systems, where the unclassified literature is incom- 
plete, some classified references are given. The 
various systems are listed in alphabetical order and 
include both binary and ternary alloys. The in- 
formation on each alloy is quite comprehensive and 
the form of presentation is neat and concise. This 
publication will be extremely useful as a reference 
book to everyone interested, either from a theoretical 
or practical point of view, in the alloys of uranium 
and thorium. D. E. R. HUGHES 
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N October 19, H.R.H. the Duke of Edinburgh correlation, wave- makisiliffesistadilo and boundary- 


opened at Feltham the new Ship Hydro- 
dynamies Laboratory of the National Physical 
Laboratory. 

Since 1932, when No. 2 Tank was built at Ted- 
x», test work on models of new ships has 
d in volume to à point where it has seriously 
ed research. At the same time, thanks to the 
y investigations undertaken over the past fifty 
years, research requirements have themselves changed. 
Inereasing emphasis is falling on the seagoing qual- 
ities of ships, particularly at high speeds, and the 
facilities at Feltham have been specially designed for 
these requirements. It is expected that, in general, 
tests of commercial ship-models in smooth water will 
continue to be carried out at Teddington, while tests 
of commercial models in rough water and a great 
deal of the research will be done at Feltham. This 
research will include theoretical and experimental 
studies of ship motions in regular and irregular seas, 
together with a study of full-scale multi-directional 
sea states, propeller and hydrofoil cavitation and 
ship vibration. Various other research projects form- 
erly followed at Teddington will be carried over to 
Feltham, where larger models can be used than is 
possible in the existing tanks ; these will include skin 
friction of smooth and rough surfaces, ship-model 


layer investigations. 

"The design of the new Laboratory (Fig. 1) was 
developed by the Ship Division of the National 
Physical Laboratory working in collaboration wit 
the Chief Architect’s and Chief Engineer's Divisions 
of the Ministry of Works. The principal facilities at 
Feltham comprise a towing tank, a sea-keeping and 
manceuvring basin and a propeller water-tunnel for 
cavitation research. 

The ship-testing tank is the largest of its kind in 
Britain. It is 1,300 ft. long, 48 ft. wide and 25 ft. 
deep. Its length, which is almost double that of the 
No. 2 Tank at Teddington (680 ft.), is necessitated 
by the requirements of testing models in irregular 
seas or at high speeds and the use of larger models 
of multi-serew ships. In sea-keeping tests the model 
must be run through regular and irregular seas for 
long enough time to obtain complete cycles of motion 
and also to ensure a long enough steady run for 
making measurements at high speed. The original 
design was for a length of 1,800 ft., but this had to 
be reduced in order to keep within the funds avail- 
able, and the present length represents the minimum 
for fulfilling these requirements. The site, however, 
has been planned so that the additional length can 
be added in the future. 
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Fig. 1. Ship Hydrodynamics Laboratory of the National Physical Laboratory 
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Fig, 2. Carriage and main towing tank, 1,300 ft. long 


The tank itself has been built of reinforced con- 
crete sections. It is above ground-level, as the 
expense of keeping out the subsoil water would have 
been heavy in this area, where the water-table is 
very near the surface. Special care has been taken 
in the heating and ventilating arrangements to keep 
an even temperature in the building in order to 
maintain accurate rail alignment, avoid condensation 
effects on electrical equipment and ensure a reason- 
ably constant nominal water temperature of 60? F. 

The towing carriage (Fig. 2) is designed to tow 
ships’ models up to 5 tons in weight and 40 ft. in 
length. The maximum speed attainable is 50 ft./sec., 
but this would not be used with heavy ship models. 
The carriage has four girders forming a square frame- 
work 50 ft. x 50 ft. externally, completely open 
inside, giving a space 36 ft. square. Into this centre 
space a fore and aft girder containing dynamometers 
and other instrumentation can be placed in a number 
of positions to give flexibility in carrying out different 
types of tests. 

To decrease the effects of track deflexion and thus 
assist in providing undisturbed and uniform motion, 
the carriage is driven by four twin-wheel self- 
steering bogies on which the frame is in effect 
pivot-mounted via a system of rubber compression 
springs. Each bogie is powered by a 300 h.p. peak 
rating d.c. motor. The total peak power of 1,200 h.p. 
has been calculated to provide, with adequate margin, 
sufficient power to accelerate the carriage, which will 
weigh nearly 40 tons fully equipped, at the maximum 
rate without wheel slip. This value will have tc be 
determined precisely by experiment, but will be of 
the order of 0-1g. Wind-tunnel tests have been made 
on a model of the carriage frame to help assess 
accurately the wind loadings at high speed. 


The carriage is equipped with a speed-holding 
servo which will maintain any set test speed between 
10 and 50 ft./s. within 0-1 per cent of the set speed. 
Much study has been given to the braking system 
necessary. The normal method of braking will be 
electrical, but at high speeds a system of mechanical 
friction brakes will be brought into use, which are 
spring operated and held off pneumatically so that 
they fail to safety in the event of loss of air supply. 
To limit the duration of the test run, track switches 
have been installed to bring on both electrical and 
mechanical brakes and bring the carriage to rest 
with a maximum deceleration rate of 0:25g. Should 
all these systems fail, an aircraft arrester gear has 
been fitted, with cables on each side of the tank. A 
shock-absorbing nylon harness on the underside of 
the carriage will engage hooks located on the inside 
face of the tank walls. 

The investigation of the behaviour of vessels in a 
seaway demands the generation of regular and 
irregular wave systems in the tank. A wave-maker 
has been installed at one end of the tank capable of 
making waves up to 40 ft. in length and 2 ft. in 
height from erest to trough with an infinite variety 
of possible combinations within these limits. The 
wave-maker takes the form of a wedge-shaped 
plunger 17 ft. in height which spans the tank and 
tapers almost to a point at the bottom. The front 
face is curved to follow a theoretically ideal contour 
and is true to within + } in. over the whole frontal 
area, Tho plunger moves vertically on slides on the 
end wall of the tank and is driven by hydraulic rams 
from a pump which operates normally on a sinusoidal 
pressure cycle to give a regular train of waves. By 
varying the pressure cycle it will be possible to 
generate irregular wave systems more typical of 
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average ocean sea-states. To prevent reflexion of the 
waves from the other end of the tank, an end beach 
has been provided. This consists of a curved sloping 
surface, continuous below water and slotted in and 
above the water. It can be raised or lowered by 
means of buoyant chambers. 

When tests are being made with a model in smooth 
water, she creates her own wave system, and time 
has to be allowed between successive runs to allow 
these waves to die down. In order to reduce this 
waiting time to a minimum, a similar beach is fitted 
in front of the wave-maker and can be raised to the 
surface when required. In addition, there are side 
beaches consisting of continuous lengths of curved 
flaps on either side of the tank whieh are hinged to 
the tank walls so that they can either be raised into 
a vertical position clear of the water when making 
waves or let down and partly submerged for still- 
water testing. 

In long towing tanks the behaviour of models can 
be studied under conditions of head-on or stern-on 
waves. It has long been desired at the National 
Physieal Laboratory to carry out tests in waves at 
different angles to the heading of the model and in 
confused seas and to investigate manceuvring qual- 
ities generally. This will now be possible at Feltham, 
with the new mancuvring and sea-keeping basin 
(Fig. 3), which- is 100 ft. square with a depth of 
water of 8 ft. A plunger-type wave-maker has been 
fitted along one side capable of producing waves up 
to 15 ft. long and 9 in. high. A beach has been fitted 
on the opposite side. It is intended later to fit 
another wave-maker on an adjacent wall, and this 
may be articulated, to enable confused seas to be 
generated, 
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Modéls up to 10 ft. in length can be used in this 
tank, and as they are to be free-running, they must 
carry their own source of power and instrumentation: 
They must therefore combine lightness with strength, 
and will in general be made of fibre-glass plastic. 
They will be radio-controlled from shore, and the 
instrumentation in the models will oither record its 
own data or telemeter them ashore. The Control 
Mechanisms and Electronies Division of the Labor- 
atory is assisting in the development of a tracking 
system. 

The new water tunnel (Fig. 4) is intended primarily 
for research work on propellers up to 24 in. in dia- 
meter and can also be adapted for testing hydrofoils 
and similar bodies. This work is likely to grow in 
importance with the increasing demand for high 
speeds in ships of all classes. The tunnel is one of 
the largest of its typo, with a circular closed test 
section 44 in. in diameter; it is designed for a 
maximum water velocity in the working section of 
50 ft./s. 

The tunnel shell is arranged as a rectangular 
circuit of which the upper horizontal limb is at 
ground-level. This portion includes the contraction 
section, where the water is accelerated to the working- 
section velocity, the working section itself and the 
transition and diffuser sections, where the speed of 
the water is gradually reduced before entering the 
suction side of the pump. The remaining portions of 
the tunnel form a U-shaped circuit descending 180 ft. 
into the ground and forming a 'resorber'. This is 
designed to subject the water to an additional static 
pressure-head during transit, when all bubbles created 
by cavitation at the model and released into the 
water stream are re-absorbed into solution. 


‘ 
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Fig. 4. Model of the water-tunnel showing underground portion 
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The water wil be circulated 
around the tunnel by a 92-in. dia- 
meter vertical variable-pitch pump 
driven at a maximum speed of 
220 rev.[min. by an 850 h.p. mean 
continuous rating vertical d.c. 
motor, which is equipped with auto- 
matie speed-holding equipment de- 
signed to hold any set speed with 
an accuracy of 0-1 per cent. 

The model propeller is mounted 
on a downstream shaft, fitted with | 
thrust and torque dynamometers 
and driven by a 300 h.p. motor. 
The pressure in the test section 
can be varied from near zero to 6 
atmospheres absolute. The tunnel 
is fitted with stroboscopie light- 
ing and high-speed photographic 
equipment. 

There are a number of small 
laboratories devoted to the develop- 
ment of new instrumentation, a 
photographie room and a vibration 
laboratory containing a water tank 
20 ft..by 14 ft. and 6 ft. deep for 
experiments on virtità] mass and 
similar problems. 

The Laboratory is fully equipped 
with workshops for making wax, 
wood and plastic hull models, and 
casting and finishing propeller 
models in bronze. The office block 
includes a handsome library, a din- 
ing room and kitchens. The offices 
and workshops have been occupied 
since August 1958, and much of 
the new instrumentation has been 
built in the shops. 

The new Ship Hydrodynamics 
Laboratory will be under the per- 
sonal direction of Dr. F. H. Todd, 
superintendent of the Ship Division 
of the National Physical Laboratory. 


LOCALIZATION AND ASSAY OF RESPIRATORY ENZYMES 
IN SINGLE LIVING CELLS 


Absorbancy Measurements on the Nebenkern 


By Dr. ROBERT P. PERRY*, Dr. Bo THORELL, Dr. LENNART AKERMAN 
and Pror. BRITTON CHANCE 


Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania, 
and Department of Pathology, Karolinska Institute, Stockholm 


STUDY and selection of appropriate optical 
A electronic, and photoelectric components now 
Permits remarkable sensitivity in the detection of 
mall changes of absorbancy caused by enzyme 
‘eactions in living materials. In the case of Stespen- 
dons of whole cells or cell particles, a detectability 
Xf 10-** mole can be achieved without difficulty in a 
l-e.c. cuvette of a recording speetrophotometer', 
Microspectrophotometry affords an even more favour» 


* Present address: Laboratory of Animal Morphology, Free Univer- 
ity of Brussels, Belgium. 
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able situation for the study of small amounts of 
biological materials in that measurements can be 
localized to specifie parts of single living cells, and the 
cells themselves may be selected on the basis of 
temporal or morphological criteria. Hitherto, how- 
ever, it has been used mainly for the evaluation of 
substances present in relatively high concentrations, 
such as proteins and nucleic acids*, and for studies of 
the formation of hemoglobin in erythroid cells? 
So far only limited suecess has been had in measuring 
those pigments of the single cell which are present 
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‘tivities in measuring changes of absorbaney between 
one-tenth and one per cent over an aperture of about 
& micron. 

This communication reports the application of a 
combination of a highly sensitive recording circuit 
and the microscopie technique’ which permits 
the assay of the cytochromes localized in single 
mitochondrial aggregates, particularly the 5-y dia- 
metor Nebenkern of grasshopper spermatids, with an 
'uraey of several per cent. This sensitivity allows 
etection of 10-?? mole or 6,000 molecules of the 
enzyme, cytochrome b. The following 
communication describes localized measurement of 
the fluorescence of pyridine nucleotide of the Neben- 
* kern and that of mitochondrial aggregates of other 

types of cells with a sensitivity comparable to that 

of this instrument. 
The optical system used is similar to that described 

by Thorell and Akerman’. It employs a 250-mm. 

focus, grating monochromator, a 1-6-mm. Grey 

reflecting water-immersion condenser and objective 
i (N.A.=1-0), and a 3-5 x quartz ocular which pro- 
. jects the beam on to a vibrating mirror assembly. 
The photomultiplier is type 1P28 and operates in the 
range of total voltage 460-650 V. The tungsten lamp 
is given an overvoltage of approximately 30 per cent 
io provide adequate illumination. The spectral inter- 
val of the monochromator is approximately 3 mp. 
The amplitude of the vibrating mirror corresponds 
to approximately 12u. The hole in front of the photo- 
cell corresponds to a 1-5-y. diameter aperture. 

The electronic circuit incorporates the dynode 
feedback circuit of Picard! as previously used by 
Yang? and Akerman’. The circuit is insensitive to 
grid and dark currents, and will operate at very low 
signal-to-noise ratios due to a switching circuit that 
adds a signal to the phototube output exactly equal 
to that of the reference signal (~ 1 V.). Thus the 
output wave-form consists of alternate pulses : 
reference beam, dark, measuring beam, dark, in a 
balanced wave-form with no ‘pips’ for equal reference 
and measurement signals (Fig. 1). "This signal 
ean be highly amplified without amplifier overload. 
and demodulated to give appropriate signals for 
control of the dynode voltage (reference minus dark) 
or measurement of absorbaney (reference minus 
measure). The noise-level of the spectrophotometer 
at 420 my. is about 10-* in optical density units with 
a 2-5-see. time constant. 
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Fig. 1. Wave-form diagram illustrating the principle of operation 
of the electronic circuit of the microspeetrophotometer. As indi- 
cated in the left-hand scale, the amplitude of the wave-form is 
slightly less than 1 V. The top trace represents the wave-form 
of the photocurrent after electron amplification, The portions 
labelled D are those corresponding to the dark interval and those 
labelled R and M refer to the intervals during which the light 
passes through the material in the reference and measuring areas. 
The second trace represents the wave-form after 1 V. has been 
inserted into the wave-form at intervals R and M. A measure- 
ment of the absorbancy difference between the R and M optical 
paths is made by a closure of the R- M switch. Control of the 
dynode voltage for the photocell in response to any deviation of 
the R- D difference from 1 V. is measured by the closure of the 
R- D switch (MD ~ 82) 
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in ‘enzyme’ concentrations, since this requires sensi- 






~ 25mp h- 


Fig. 2. Spectrum of anaerobic spermatid. Trace A represents the 

difference of absorbaney between the Nebenkern and the adjoin- 

ing free space, Trace B represents the differenee between the 

eytoplasm of the cell and the adjacent free space, The recording 
is on a linear wave-length seale (RP ~1) 


Spermatid preparations were made from mature 
grasshoppers by Belar's method*. The cells were 
confined between a slide and coverslip suspended 
in about 3 pl. of buffer. Aerobic conditions were 
obtained in glucose-free suspensions for approxi- | 
mately 1} hr. observation. Thereafter cell respiration 
exhausted the oxygen and the material contained in 
the suspension became anaerobic, By this simple 
method it was possible to obtain, in one experiment 
on a single Nebenkern, spectra corresponding to the 
oxidized and reduced forms of the cytochromes. If 
glucose was added to the buffer, anaerobic conditions 
were attained a few minutes after preparation. The 
anaerobiosis was monitored by the inclusion.of some. 
human erythrocytes under the coverslip, and the 
time of anaerobiosis was checked from measurements 
of the characteristic shift of the hæmoglobin absorp- 
tion bands‘. 

Fig. 2 shows two traces obtained from a single 
anaerobie spermatid in a preparation treated with 
glucose. Curve A illustrates the absorbance of the 
Nebenkern measured with respect to the surrounding: 
free space; curve B records the absorbance of the 
cytoplasm of the spermatid, also with respect to the - 
surrounding free space. The Nebenkerm shows an | 
absorption maximum at 420 mp with a distinetive | 
shoulder at 434 mp. 5 5 

Observations of the Nebenkern in a glucose-free | 
suspension 70 min. after closing the preparation . 
with a coverslip show a single peak at approxi- 
mately 413 my, such as that shown in Fig. 3. Other. 
experiments in which the spermatid respiration was 
inhibited by iodoacetate show, for a considerable 
interval, the single peak characteristic of the eyto- | 
chromes, mainly in the oxidized state. |. 

The measurement of the Nebenkern under aerobic | 
or anaerobic conditions invariably gives clear Soret | 


413mp 
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Fig. 3. Spectrum of aerobic spermatid, Nebenkern versus nucleus. 
Spectrum recorded 70 min. after preparation of ghicose-free 
material (RP ~ 6) 
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peaks 413 my for aerobic conditions and 420 and 
434 mu. for anaerobic conditions These are almost 
identical with the theoretical composite curves 
constructed from the known spectra of reduced or 
oxidized cytochromes a, a,, b, and c mixed on an 
approximately equimolar basis Prelmmary attempts 
have been made to examme the alpha bands of the 
cytochromes, but madequate sensitivity is available 
with the hght mtensity, photosensitivity, and response 
times used at present However, some eneouragmg 
prelummary results have been obtamed with liver cells, 
as described ın the third communication of this series 

The curves of cytoplasm or nucleus versus free space 
are monotonic functions which may show a systematic 
deviation corresponding to about 2x 10-3 optical 
density units per 100 mp change of wave-length 
The direction of the shift 1s variable and depends upon 
the combination of instrumental error and differences 
of light-scattermg m the specimen 

Errors due to the motion of the cell can be 
readily observed and precautions are taken to record 
only those cells which are immobilized at the glass 
surface by surface tension or are entangled m the 
tails of mature sperm The error due to motion can 
be negligible under favourable conditions compared 
to the intrinsic noise of the spectrophotometer The 
average reproducibility for several curves 18 &ppioxi- 
mately 3 x 107* optical density units, 

The remarkable absorption of the Nebenkeim and 
the lack of any significant absorption, m this wave- 
length range, of the cytoplasm give direct support 
to the current idea that the bulk of the respiratory 
activity 1s associated with the mitochondrial bodies 
The experiments reported here show that the Neven- 
kein contains $n vio at least 50 times more cvto- 
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chromes per unit volume than any other comparable 
part of the cell 

An estimate of the concentration of cytochrome m 
the single Nebenkern based upon these data (AOD 
at 425-430 mu = 5 x 10-9), an extinction coefficient 
of reduced cytochrome b of 160 em -1 mM-!, and an 
estimate of 60 per cent contribution of cytochrome 
b to this peak, gives an effective concentration 
of 36 umoles per htre over a 7 õu? volume of the 
Nebenkern Assummg equimolar amounts of the four 
principal cytochromes, the total cytochrome concen- 
tration 1s 144 umoles per litre or about 105 molecules 
peru? If the difference of optical density 1s expressed 
m terms of the amount of cytochrome b in a 7 5-u3 
volume, one obtains 5 x 10-1? mole or 30,000 molecules 
Simee the signal-to-noise ratio is about 50 l, the 
error in detection corresponds to 10-2° mole or 6,000 
molecules This value compares very favourably 
with that obtemed by any other method for the 
determination of the amount of an enzyme concen- 
tration ?n vivo 

This investigation was supported in part by giants 
from the National Science Foundation, the US 
Office of Naval Research, and the Swedish Medical 
Research Council 
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PECTROSCOPIC observations of the large pyrid- 
S ine nucleotide content of isolated mitochondria: 
were recently supplemented by the demonstration of 
the intensified and shifted fluorescence of this sub- 
stance m mitochondria? These results direct atten- 
tion to the possibility of a close relationship between 
the blue autofluorescence of the hvmg cells and that 
of the reduced pyridine nucleotide component of 
the mitochondna!-* This communication describes 
photoelectric measurements of fluorescence of muto- 
chondrial bodies m the grasshopper spermatocyte 
The locahzation of blue fluorescence ın mitochondrial 
aggregates has been demonstrated, and quantitative 
measurements of the kmetics of changes in response 
to aerobiosis and anaerobiosis have been made A 
comparison of the fluorescence of mutochondrial 
aggregates and the neighbouring cytoplasm durmg 
this change from aerobiosis to anaerobiosis may lead 
to a much clearer understandmg of the dynamics of 
interaction of the cytoplasmic and mutdthondrial 
pyridine nucleotide ın vwo While the present tech- 
nique has been applied only to cells showing large 
mitochondrial aggregates, the excellent performance 
obtained under these conditions may allow the study 


of much smaller numbers of mitochondria The 
combination of this mstrument for measuring the 
mitochondrial pymdine nucleotide with that of a 
sensitive microspectrophotometer (see preceding com- 
munication) for the study of the cytochromes may 
provide a new method for following metabolic changes 
in eytologically defined parts of the living cell 

The 1,000-watt, AH6 mercury arc illumination was 
filtered by means of a water-cooled Cornmg 584 
filter (Marshall, personal communication), and by 
an ‘Eppendorf’? 366 my multi-component filter. 
Dark-field cardioid illummation of the sample was 
observed through a 100x adjustable aperture lens 
set at N A —1 00 and a 10x ocular A 60-c /s. 
vibrating diaphragm’ with an effective 5-u aperture 
sweeps through an effective distance of 15u and 
allows comparison of the intensity of fluorescent 
portions of the cell and the adjacent free space by 
means of an electron multiplier photocell The 
mtensity of the a c -operated mercury lamp ieaches 
a maximum. at the excursions of the vibrating dia- 
phragm (seo Fig 1) Simulteneously, an electronic 
switch communicates signals to a storage condenser 
so that the difference of the intensities at the peaks of 
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Switch 
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Fig 1 Wave-form diagiam indicating the time relations of the 
light intensity, photocurrent, and switch closure for the micro- 
fluormeter The top line represents the time-variation of the 
intensity of the mereury arc lamp The modulation frequency 
18 120 c /s , and the amplitude of modulation 1s nearly 100 per 
cent The second wave-form 1s that of the photocurrent after 
electron amplification (An increase of current ıs indicated by 
a downward deflexion ) This wave-form is in 1esponse to a 
fluorescent object 1n the M position of the aperture, and the sur- 
rounding free space 1n the Jt aperture, the distance between M 
and Ris approximately 15u — As indicated at the bottom of the 
trace, the closure of a synchronized mechanical switch 1s co- 
incident with the peak of the M and R wave-forms Theeleetronic 
circuit measures the difference between the amplitudes of the 
photocurrent at the M and R intervals (MD — 83) 


the excursions of the diaphragm are recorded by a 
miullivoltmeter, the sensitivity of which is 1mV_ for 
10-16 amp of primary photocurrent The average 
signal from the mitochondrial aggregate or Nebenkern 
(4 x 10-8 amp) gives a signal-to-noise ratio of 
the order of 30 1 with a time constant of about 
2 sec 

Localization of fluorescence m grasshopper spermatid 
Fig 2a represents recordings of fluorescence intensity 
as a function of time for two positions of the measur- 
ing aperture with respect to the cell At the left of 
the graph, the abrupt downward deflexion of the 
trace indicates opening of the photocell shutter and 
the maximal downward deflexion corresponds to the 
mtensity of fluorescence of the Nebenke m measured 
with respect to the free space surrounding the cell 
By an adjustment of the air pressure on the movable 
stage? the cell ıs moved. so that one aperture coincides 
with the cytoplasm Here a 50 per cent dimmution 
of the mtensity 1s noted The specumen (moved a 
distance of about 5y) 1s then returned to its initial 
position so that the Nebenkern agam coincides with 
the aperture, and the previous value of fluorescence 
intensity is obtamed The record ends with the 
closmg of the shutter In this way the fluorescence 
intensities of different portions of the cell can be 
scanned A schematic diagram of such a study 
(Fig 2b) indieates mtensity measurements corre- 
sponding to the free space, cytoplasm, and Nebenkern, 
the width of the rectangles corresponding to the 
half-power response of the measuring aperture 
These results suggest that the fluorescence of the 
cell is highly localized in. the Nebenkern body 

The study of many anaerobic spermatids havmg 
Nebenkern 1ndicates that the ratio of the fluorescence 
signal of the Nebenkern to that of the cytoplasm varies 
from a mmimum of 17 1 to a maximum of 6 1, 
the average for ten cells bemg 3 3 1 The variation 
of these values may be due to a number of factors , 
for example, the position of the Nebenkern or the 
thickness of the cytoplasm m which a measurement 
18 bemg made or the metabolic state of the spermatid 
A significantly higher fluorescence has been observed 
im the nucleus than in the cytoplasm, values rangmg 
as high as 2 1 However, the biochemical signi- 
ficance of fluorescence other than that of the Neben- 
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kern requires studies of its biochemical response to 
different oxidation-reduction conditions as described 
below 
Baochemacal response of the mtensity of fluorescence 

In order to subject the Nebenkern of the livmg cell to 
a metabolic change which would specifically identify 
its fluorescence with that of mitochondrial reduced 
pyridme nucleotide of the respiratory chain, we have 
followed its time course in the transition from aero- 
biosis to anaerobiosis (see Fig 3) As described ın the 
preceding communication, glucose-free spermatids 
will exhaust the oxygen under a covershp in about 
90mm In the microfiuormeter, a coverslip of smaller 
diameter and a smaller liquid volume are used It 
is calculated that anaerobiosis can be expected m 
about 40 mm The right-hand portion of Fig 3 
(open circles) shows the fluorescence as a function 
of the time after excluding air from the preparation 
The fluorescence of the Nebenkern rises slowly foi 
40 mm and then abruptly until a total of 60 min 
has elapsed Thereafter, the fluorescence of the 
Nebenkern 1s constant Measurements of the cyto- 
plasmic fluorescence (solid circles) indicate no rise of 
fluorescence over the 90-mim interval and there ıs 
some indication of a slight decrease In order to 
avoid prolonged ultra-violet radiation of a particular 
cell, three cells were studied m the course of the 
experiment and they are identified by the numbers 
along the abscissa In order to diminish instrumental 
error and any differences between the cells which 
might contribute an error to the right-hand portion 
of the figure, the results are plotted m the left-hand 
portion in terms of the ratio of the Nebenkern fluor- 
escence to the cytoplasmic fluorescence , it 1s seen 
that the fluorescence mereases slowly for the first 
40 min, and then rises abruptly between 40 and 
55 mm to reach a plateau which 1s maintained. there- 
after This behaviour 18 characteristic of the transition 
from the oxidized to the reduced state of muto- 
chondrial pyridine nucleotide in the transition from 
aerobiosis to anaerobiosis??? 
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Fig 2a 
intensity of two portions of the grasshopper speimatid under 


An example of the measurement of the fluorescence 


anaerobie conditions The phototube shutter is opened and 
closed at the points labelled ‘on’ and ‘off’ The time scale runs 
from left to right, the initial reading 1s made with the measuring 
aperture on the Nebenkern and the reference aperture on the 
free space (NK-FS) The specimen ig then moved bu by means 
of a flexible quartz plate, after which the tracing records the 
fluorescence intensity of the cytoplasm (C¥~FS) ‘The specimen 
18 then returned to the initial position (WX—-F'S) and the shutter 
is closed The scale indicates the primary photo-current 
(1 x 107* amp per 5 scale divisions) (925a) 
Tig 2b Scan of fluorescence intensities of anaerobic grasshopper 
spermatid The cellis moved with respect to the measurement 
aperture by means of the flexible quartz plate and positions are 
chosen with the measurement aperture on the free space, cyto- 
plasm, gind Nebenkern The cell boundary 1s approximately at 
the 104 position on the scale of the abscissa (920a) 
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Fig 3  Time-course of the fluorescence changes of the Nebenkern (open circles) and the 
cytoplasm (solid circles) of a grasshopper spermatid during the aerobic—anaerobic transi- 
tion On theright, the independent determinations in the cytoplasm and on the Nebenkern 
are plotted, on the left, the ratios of the two measurements The abrupt discontinuity 
at 45 min corresponds to the expected time for the exhaustion of oxygen under the cover- 
slp The numbers adjacent to the circles refer to the cell which ts under observation 
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These results appear to identify the Nebenkein 
fluorescence with that of reduced pyridine nucleotide 
If we assume that the cytoplasmic fluorescence is 
also due to pyrıdme nucleotide, these results suggest 
that there 1s no rapid change of the oxidation- 
reduction state of cytoplasmic pyridme nucleotide 
of the grasshopper spermatid associated with the 
&erobic-anaerobie transition 

Studies of other cells Cells which do not show 
& distinctive localization of mitochondria, as does 
the grasshopper spermatid, do not permut a dıs- 
tinction between cytoplasmic and mitochondrial 
fluorescence However, ın the anaerobic state, the 
gieater fluorescence of mitochondrial material would 
lead at least to a preponderance of mitochondrial 
effects For example, observations of the effects 
of the transition from aerobiosis to anaerobiosis 
can be observed by measurements of the brighter 
portions ın the cytoplasm of ascites tumour cells 
In these cells, the fluorescence 1s constant for 
about 10 min, rises for an interval of 10 mm and 
then remains approximately constant (Fig 4) A 
comparison of this graph with the right-hand partion 
of Fig 3 (open circles) shows that the percentage 
merease 1$ considerably less for a cell m which both 
cytoplasmic and mutochondrial fluorescences are 
summed, in fact, a curve similar to that of Fig 4 
ean readily be constructed from the results of Fig 3 
if one plots the sum of mitochondrial and cyto- 
plasmic fluorescence as a function of time 
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Fig 4  Time-course of the fluorescence changes of an ascites 
tumour cell during the aerobic-anaerobie transition The 
recording 1s taken from what appears to be a mitochondrial aggre- 
gate in the cytoplasm of the cell ‘Calculated time for anaero- 
biosis' represents the number of minutes ıt should have taken 
the suspension to become anaerobic, if the resprratory-rate 
measured 1n the bulk phage we 25 for the microscopic sample 
a 


It would appear therefore that, m spite of the 
inferior localization obtained with the ascites tumour 
cells, substantially the same results are obtained m 
the aerobic-anaerobie transition Similar results 
have been obtamed for pentaploid yeast cells and 
prelummary studies of the application of this method 
to the kmetıcs of transfer of mitochondrial materal 
from the mother to the daughter cell ın budding yeast 
have been made 
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Discussion The blue autofluor- 
escence of living cells and tissues has 
been mdurectly associated with mito- 
chondrial bodies by Sjostiand?, who 
has studied m detail the fluorescence 
characteristics of thiamm and frozen 
diy sections of axons and of ribo- 
flavin in acid-treated groups of 
kidney cells (Sjostrand, unpublished 
work) However, no detailed ım- 
vestigations of the fluorescence of 
the living tissue were possible due to 
its relatively lower tensity Inde- 
pendent developments m the study 
of fluorescence of solutions of re- 
dueed pyridme nucleotide by Boyer 
and Theorellt and by Duysens and Kronenberg’ 
have shown a characteristic shift and an enhance- 
ment of this fluorescence in the presence of enzymes 
which will bind the coenzyme The peak of this 
fluorescence 1s approximately 443 mu Duysens and 
Amesz* have recorded a similar fluorescence in sus- 
pensions of yeast cells Spectroscopic observations of 
the high content of pyridine nucleotide ın isolated 
mutochondria!? have led to a study of them fluor- 
escence? Here again a maximum at 443 my 1s ob- 
tamed, suggestmg that the reduced pyridine nucleo- 
tide of the mitochondria 1s in a bound form, and there- 
fore that the blue autofluorescence of mitochondna 
of living cells may well be associated with 15s bound 
reduced pyridme nucleotide The experments 
reported here verify the localization of a fluorescence 
characteristic of reduced pyridine nucleotide in the 
mitochondrial aggregate of the grasshopper spermatid 
and also show that ıt has excitation and emission 
characteristics whieh are not inconsistent with those 
of reduced pyridine nucleotide However, the fol- 
lowing kinetic data give the most direct suppoit for 
this supposition 

First, the change of fluorescence in the grasshopper 
spermatid occurs at the time expected for anaero- 
biosis in view of the calculated respiratory activity 
of the cells Second the change of fluorescence 1s an 
increase, as expected from studies of suspensions of 
mitochondiia or mtact cells, that 15, where increased 
reduction of pyridine nucleotide occurring in the 
aerobic—anaerobic transition leads to mcreased fluor- 
escence of mtramitochondiial pyridine nucleotide 
Thirdly, the fact that the Nebenkern shows some 
fluorescence in the aerobic state 1s consistent with 
the observation of a partial reduction of pyridine 
nucleotide m the steady state of metabolism, pro- 
vided substrate 1s present Thus, reduced pyridine 
nucleotide could readily account for nearly all the 
fluorescence of the Nebenkern This confirms observa- 
tions of suspensions of liver mitochondria in which 
complete oxidation of mtramitochondral pyridine 
nucleotide removes the bulk of fluorescence that 1s 
excited in the wave-length region 340-366 mu (ref 2) 

The fact that fluorescence of the Nebenkern is 
considerably less than that of the cytoplasm in the 
aerobic cell and increases to a value considerably 
greater than in the anaerobic cell 1s also significant 
Since pyridme nucleotide 1s present m the cytoplasm, 
and may well be bound to dehydrogenases and hence 
have shifted and mtensified fluorescence, 1t appears 
reasonable to attribute the cytoplasmic fluorescence, 
at least in part, to this substance On this basis we 
conclude that a change m the oxidation-reduction 
state of the mitochondrial pyridme nucleotide by a 
factor >3 has no measurable effect upon that of 
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the cytoplasm this ıs a demonstration an vivo of 
the phenomenon of mmpermeability of mitochondria 
to reduced pyridine nucleotide While this pheno- 
menon has been accepted on the basis of «n vitro 
experiments!*, the possibility existed that the 
impermeabihty of the mitochondrion may have been 
acquired during isolation, for example, by its envelop- 
ment m the endoplasmic reticulum (ref 11, also 
personal communication) Within the framework of 
the assumptions here, we can put forward evidence, 
at least for the grasshopper spermatid, of the un- 
reactivity of the mitochondrial membrane to cyto- 
plasmic pyridme nucleotide a vwo This observation 
1$ of considerable importance m the study of meta- 
bole control and ın the dynamics of interaction of 
intracellular bodies!? In cells that fail to show the 
extent of mitochondrial aggregation observed m the 
Nebenkern, we are at present unable to give further 
data on this point 
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on Liver and Kidney Cells 


By Dr BO THORELL and Pror BRITTON CHANCE 


Department of Pathology, Karolinska Institute, Stockholm, and Johnson Research Foundation, 
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N the multicomponent reaction system of the living 
cell, the organization and spatial distribution of 
the different enzymes are of fundamental importance 
During the past decade, much data have been 
obtamed about the localization of enzymes in various 
cellular structures A further step towards a more 
integrated and physiologically adequate picture of 
the cell functions can be made if these enzyme 
systems are studied n situ 

This communication reports the localization and 
assay of respiratory enzymes (cytochromes) m areas 
of 1 Bu diameter m the cytoplasm of smgle, hvmg 
rat hver and kidney cells under different external 
conditions as regards the oxygen tension, namely, 
under aerobic and anaerobic states The analyses 
were made by recording the specific light absorption 
(magnitude about 1 per cent) ın the Soret wave-length 
region with the highly sensitive microspectrophoto- 
mete. outlned ın the first communication of this 
group 

Single parenchyma cells from the liver or kidney- 
cortex of adult Wistar rats were teased out ın a drop 
of Krebs-Ringer solution on a microscope slide with 
a small scalpel and a needle After a coverslip had 
been put on, the cells wee washed with a few 
drops of Krebs-Funger solution sucked through the 
preparation by a piece of filter paper To obtam 
anaerobiosis, ethanol-treated, starved yeast cells 
were incorporated m the preparation prior to sealing 
ib with paraffin wax around the coverslip edges 
Without the yeast, aerobic conditions of the cells were 
obtained for several hours The state of each prepara- 
tion was checked by measurement of the hæmo- 
globin absorption bands m some added human 
erythrocytes?! 

The microspectrophotomete: ıs described in detail 
elsewhere? The microscope optics were a 1 6 mm 
Grey reflecting waterammersion condenser and 
10NA objective À 3 5 x quartz ocular projected 
the mage via a vibrating murror assembly! on to 
the photomultipher aperture The location of the 
cell mage on the hght-recervmg system was con- 
trolled by means of an interchangeable cross-hau 
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The areas in the cell selected for absorption measure- 
ments were l 5u m diameter The ‘reference area’ 
m the preparation was at a distance of 12u from the 
measurement area and care was taken to choose as 
clear a space as possible to provide ‘absolute’ spectra 

On the lght-absorption records obtained, an 
empirical wave-length calibration was made by 
tracing the 415-my maximum of the erythrocyte 
oxyhemoglobin with the identical wave-length 
scanning speed and time constant as m the other 
measurements In this way the cytochrome absorp- 
tion maxima could be estimated withm + 2 mp 

Figs la and b show typical sets of absorption curves 
from pomts ın the cytoplasm of smgle liver and kidney 
cells, where the anaerobic state was ensured by the 
presence of respirmg yeast cells In the various 
curves three distinctive absorption maxima or 
‘shoulders’ appear at 415, 423 and 445 mp 

If the yeast cells were omitted and the density of 
the rat parenchyma cells was low enough to permit 
the aerobic state durmg several hours, the changes 
m the state of the respiratory enzymes could be 





Fig la Group of absorption spectra from different points in the 
anaerobic liver cell cytoplasm ‘Trace B represents a base-line 
(free space versus another free space) The records are on a linear 


wave-length scale 
Fig 16 Absorption spectra from adjacent sites (1-4) m the 
estoplasm of an anaerobic kidney cell The locations of the four 
different areas correspond approximately to the four arms of the 
cross 1n the inset diagram 
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Spectra from an area of 1 5u diameter in a liver-cell 
cytoplasm during the aerobic (bottom record) and subsequent 
anaerobic (top record) states The second spectrum was recorded 
after an interval of 30 min , during which the hemoglobin absozp- 
tion of an adjacent human erythrocyte shifted as shown by the 
two left-hand 1ecords 


iecorded within the same, single cell Fig 2 shows 
such an expermnent, in which the hemoglobm 
absorption of an adjacent erythrocyte was also 
recorded The 1eduction of the red cell hemoglobin, 
which in this particular experiment preceded by 
about 20 min the absorption changes in the mira- 
cellular cytochromes, indicated that the oxygen 
concentration in the medium was less than 20 x 107* 
mole per litre 

The results show that absorption bands of the 
hemoprotem type can be obtamed from small areas 
(d—1 5u) m the single mtact mammalian cell The 
shift m the absorption maxima which occurred parallel 
with changes in the oxygen tension mdicates that the 
specific absorptions are due to respiratory enzymes 
The orders of magnitude of the absorptions measured 
n the single liver cell (about 1 per cent) are the same 
as can be calculated theoretically for eytochromes*^ 

If the spectra obtained from the single intact cells 
are compared with the spectra of purified cvto- 
chromes, the main peaks at 4089, and 415req , 423rea 
and 445,eq will correspond to the Soret absorption 
bands of cytochrome c, b and a respectively 

The strictly quantitative interpretation of the 
absorption spectra from such optically mhomo- 
geneous materials as liver and kidney cells 1s more 
difficult than m the case of the geometrically 
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uniform Nebenkern (see first communication) The 
obviously multicomponent curves in Fig 1b were 
obtamed within a very small optical cross-sectional 
area (about 2x1 542) The different proportions of 
the components found at adjacent sites can be 
explamed either by the presence of structures con- 
tammg varying proportions of cytochromes, or by 
changes in the layermg of a few distinct structures 
along the microspectrophotometric hght-path thiough 
the cell 

If the present ın vwo muicrospectrophotometric 
results are compared with the data on enzyme dis- 
tribution obtained from the bulk isolation of cellular 
components, some apparently contradictory pomts 
emerge The rather pronounced absorption band 
4080, —418req in practically every part of the hver 
cell cytoplasm indicates large amounts of a cyto- 
chrome unlike b, The same absorption bands are 
also present in the large particle-free homogeneous 
cytoplasmic area (endoplasm’) of the ultra-ceniri- 
fuged but otherwise intact liver cell’ Cytochrome b,, 
which can be isolated from the ‘microsomal’ liver-cell 
fraction, has bands (4139x—423rea )? Different 
explanations for this discrepancy can be put forward * 
for example, that the isolated ‘microsomal’ fraction 
might constitute only a minor part of the ‘endoplasm’ 
and that a cytochrome might have been lost durmg 
the isolation procedure Some support for the exist- 
ence of a difference between the spectral character 
of the DPNH-1educible pigments and that of the 
isolated microsomes 1s emerging from studies of sus- 
pensions of liver cells (Chance and Rutter, unpub- 
lished observations) In any event, the studies 
reported here underlie the importance of structural 
mterpretat.ons of absorption spectra obtained muero- 
spectrophotometrically from the highly complex 
enzyme system of the living cell 

The mam conclusion emerging from the results 
described 1s that 1t 1s possible to analyse components 
of the respiratory system and to define the metabolic 
state of parts of the smgle mtact mammalian cell 

This research has been supported by grants from 
the Swedish Medical Research Council, the National 
Science Foundation, and the Office of Naval Research 
1 Thorell, B ,and Akerman, L , Exp Cell Research, Supp ,4,83 (1957) 
2 Chance, B, Perry, R , Akerman, L, and Thorell, B, Re» Sc 

Instr , 30, 735 (1959) 

3 Chance, B , and Williams, G R,J Biol Chem , 221, 477 (1956) 


+ Thorell, B , “Ady B10l Med Physics”, 6, 95 (1958) 
$ Thorell, B , and Chance, B , Exp Cell Research (in the press) 


CELL AND ORGAN CULTURE 


ECHNIQUES of cell cultivation are bemg 
mereasingly applied in all fields of biological 
research Recent developments in these methods and 
ın their application to cancer research were described 
by four speakers at a session of Section I (Physiology 
and Biochemistry) of the recent British Association 
meeting at York Cell and organ culture techniques 
make possible the rapid proliferation of animal and 
human cells outside the body, and the maintenance 
«n vitro of small organs or sections of organs in a 
healthy condition It was appropriate that the chair- 
man on this occasion was Dr E N Willmer, one of 
the leading authorities on tissue culture techniques 
and research in the United Kingdom 
The first pape: was concerned with recent technacal 
advances in cell culture and was given by Dr J Paul 


(HERT Tissue Culture Laboratory, University of 
Glasgow) As Dr Paul explained, tissue culture really 
began fifty years ago with Dr Ross Harrison’s 
demonstration that axons would grow out of nerve 
cells cultivated on frog lymph Although the prin- 
ciples of the technique were at that time clearly 
stated, only a few biologists followed up this work 
with enthusiasm and success One of the common 
objections to tissue culture in its first years was that 
the cells which grew were ‘neither one thing nor 
another’ When tissues were explanted m a way 
which encouraged the rapid multiplication of cells, 
the organized pattern of the organ was destroyed and 
the cells which appeared could only be classified in 
most cases as either fibroblastic or epithelal If the 
original morphology was retained, the cells developed 
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abnormal features and deteriorated too rapidly fox 
useful investigations to be undertaken An outstand- 
ing achievement in the pioneer phase was the demon- 
stration m Alexis Carrel’s laboratory that avian cells 
could be induced to multiply indefinitely This 
particular cell strain lasted for thirty years—several 
times the life-span of the fowl—and only died out 
when there was no one available to keep up the 
10utine feedmg and sub-eulturing 

Dr Paul described, with the aid of excellent dia- 
grams, how the mechanization of the technique durmg 
the past ten years had led to its mcreasmg uso in 
1esearch laboratories and in the pharmaceutical indus- 
try Although the hard work of developing correct 
procedures had been done before 1949, the mmpetus 
for a rapid advance came from the demonstration by 
Enders and his colleagues that poliomyelitis virus 
would multiply in cultures of non-nervous origin 
This was followed by the successful use of trypsm 
for producing suspensions of living cells from body 
tissues, a technical trick which made easier the large- 
scale cultivation of cells Cultures of this type grow 
in an unorganized manner, and they may, as occasion- 
ally happens, produce permanent cell strams Cells 
cultured from tumour tissue also grow indefinitely, 
and these permanent strams of different origin aro 
available to any laboratory for mvestigations on then 
nutritional requirements and metabolism, and for 
virus and cancer research 

Such strains are, of course, specially adapted to 
grow 1n culture conditions and, genetically, they may 
form a most heterogeneous population Another 
technical advance which opened the way to the study 
of the genetics of somatic cells was the discovery that 
single mammahan cells could be mduced to multiply 
and form clones with distinctive features This was 
first accomplished by Dr Katherme Sanford at 
Bethesda, who developed an mgemous, although 
ted:ous, method of eultivating smgle cells withm 
capillary tubes Easier methods of cloning cells from 
permanent strains have smce been devised, and the 
sublines are bemg used to study, for example, varia- 
tions in the mahgnancy of cells and their response to 
irradiation 

The second paper m the session, by Dr O A 
Trowell (Medical Research Council Radiobiological 
Unit, Harwell), was an entertammg account of the 
principles and practice of organ culture The amm of 
this technique 1s to preserve the normal histology and 
functioning of the organ cells outside the body Its 
success largely depends upon suppressing the out- 
growth of cells, the prmerple origmally demonstrated 
by Dr Honor Fell m the cultivation of embryonic 
lunb-buds Dr Trowell explained that the business 
of physiology is to find out how the anımal body 
works and that the logical approach 1s to study the 
different organs one at atime This can be done either 
by observing the behaviour of the organ in the mtact 
animal m various states of bodily activity or by 
cutting the organ out of the body and studying its 
behaviour and capabilities under artificial but com- 
pletely controlled conditions These approaches are 
complementary, and his own choice was to study the 
isolated organ «n vitro The outcome of this approach 
depended upon keeping the tissue alive as long as 
possible, since there are many physiological and 
pathological responses of organs which take several 
days to develop Dr Trowell had, therefore, set out 
to study systematically the conditions which would 
maintam organ tissue in a healthy condition for a 
week or more 
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The diffusion of oxygen and nutrients mto all the 
cells of the organ culture can only be ensured by usmg 
tiny organs 2 mm in diameter, such as pituitary, 
thyroid, adrenal, ovary and lymph nodes of rats and 
mice With larger organs, 16 1s necessary to cut off 
2mm sections of tissue Cultivation by immersion of 
the tissue in the medium proved unsuccessful because 
of the low solubility of oxygen, and efficient stirring 
of the medium only increased cellular damage The 
oxygenation problem 1s solved by allowmg the organ 
cultures to project into the gas phase The tissues 
are, consequently, supported on a stamless steel 
grid, covered with fine tissue paper which 1s level 
with the surface of the medium The grid, in its 
shallow dish, ıs kept m an atmosphere of oxygen at 
body temperature inside a stele alummium con- 
tamea With this apparatus, many organs can be 
kept alive for as long as nine days, each 1 ın square 
grid can carry up to twenty cultures, and the medium 
can be sucked off and replaced without disturbing 
the tissues Culture conditions are completely 
standardized by the use of a chemically defined 
medium 

Large: organ cultures would be an advantage, and 
Dr Trowell hopes to achieve this by usmg tissue from 
horses and cows which have ‘built mto’ ther cells a 
much lower oxygen consumption and metabolism 
than is found in the cells from rats and mice Cultures 
of cow tissue have shown that this 1s a feasible way of 
overcoming the limiting effect of oxygen diffusion 
By adopting a ‘mixed grill’ technique, different organs, 
for example, endocrine organs and their target tissues, 
can be cultured in the same vessel, and ther histology 
can be correlated with metabolic effects revealed by 
the changmg composition of the medium 

The two remaining papers were concerned with the 
application of cell and organ culture ın cancer research 
Scientists and laymen who are still not convinced of 
the connexion between lung cancer and cigarette 
smoking ask for direct proof of the causal relation- 
ship For the most sceptical, 1t 1s not sufficient to 
show, as has been done, that cigarette tar and the 
carcinogens i6 contains produce tumours in experi- 
mental animals, the only acceptable proof is that 
they mduce malignancy in human lung cells The 
organ culture technique used by Dr Ilse Lasnitski 
(Strangeways Research Laboratory, Cambridge) pro- 
vides the most direct oxperrmental approach possible 
Dr Lasnitski described how she prepared lung cultures 
from human fcetal tissue and how the explants would, 
under normal conditions, show the characteristic forma- 
tion of bronchioli «n vuro The normal histology of 
these lung cultures and the abnormal changes pro- 
duced by 3,4-benzpyrene and three types of cigarette 
smoke condensate ın the medium were beautifully 
illustrated by muerophotographs of stained sections 
of the tissue Two or three days of exposure to 
the carcmogen stimulated division of the epithelial 
cells, and m some sections taken from cultures about 
three weeks later cell proliferation had completely 
obliterated the lumen of the bronchioh Durmg the 
early stages the normal cilary and secretory activity 
of the epithelium was intensified by the carcinogen, 
but later the cells lost the characteristic features 
of bronchial epithelium Occasionally, cells with 
abnormal mitotic chromosomes were found in the 
treateds cultures Dr Lasnitsk: made it clear that 
there 1s, as yet, no proof that cancerous cells had 
been produced in these experrments The changes 
observed might be precancerous, but proof of mahg- 
nancy would only be obtamed if treated cultures 
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would produce tumour-hke growth after hetero- 
transplantation mto expermmental animals 

The usefulness of organ culture was further illus- 
tiated by Dr Lasnitski’s research on another form 
of cancer Malignancy of the prostate gland 1n men 
1s one of the hazards of old age and ıt 1s of particular 
interest to the investigator that this type of cancer 
can temporardy be controlled by treatment with 
female sex hormones Cultures of mouse prostate 
gland were exposed to a chemical caremogen, this 
time 20-methylcholanthrene, and again the epithelium 
of the alveol became hyperplastic and produced a 
histology similar to that of skm — Drviding cells with 
polyploid chromosomes were frequently seen in the 
cultures As in cases of human tumours, the cell 
proliferation was dependent upon the hormone, since 
the hyperplastic action of the caremogen was abolished 
by the presence of cestrone in the medium and pre- 
served by the male hormone, testosterone Dr 
Lasnitski concluded by describmg briefly mvestiga- 
tions on the metabolism of these cultures Auto- 
radiographic studies, undertaken with Dr S R Pele, 
showed that the caremogen stimulated deoxyribo- 
nucleic acid synthesis m the epithehal cells, but 
mhibited deoxyribonucleic acid synthesis by fibro- 
blasts after 2-8 days treatment Ammo-acid uptake 
from the medium was mvestigated in collaboration 
with Dr J A Lucy and it was found that leucme 
and 1so-leucme wero well utihzed by normal and 
treated cultures However, the uptake of arginme 
associated with normal cultures was decreased after 
a period of exposure to methylcholanthrene 

In the fourth paper, Dr I Leslie (Department of 
Biochemistry, Queen's University, Belfast) described 
the search foi metabolic features which distinguish 
normal and cancer cells, and the opportunrties pro- 
vided by cell culture for tackling this problem Three 
cell types are bemg studied in Belfast Normal cells 
aie represented by short-term cultures of human 
foetal tissues, and malignant cells by the HEP 1 
strain, derived from a human caremoma at the Sloan- 
Kettermg Institute for Cancer Research, New York 
The HLM stram came from liver cell cultures pre- 
pared from a human fœtus ın 1956 Unlike the other 
cells grown from this foetus, the HLM cells grow 
indefinitely in culture and, in this respect, they 
resemble the HEP 1 caremoma cells This ‘trans- 
formation’ of normal cells to an apparently immortal" 
form 1s not uncommon m cell culture and the process 
is open to investigation It 1s important to find how 
far transformed cells resemble cancer cells and how 
far they retam the properties of the parent cells The 
way m which these cells derive ther energy from 
glucose was investigated m 1956 in collaborat:on 


OBIT 
Prof F. S. Bodenheimer 


FREDERICK SIMON BODENHEIMER, who died in a 
London hospital on October 4 from internal com- 
pheations after a successful eye operation, was born 
in Cologne on June 6, 1897, son of Max Bodenhemer, 
one of the founders of the Zionist movemené As a 
schoolboy, he was attracted to biology, but was per- 
suaded to study medicine, which offered a more 
certain future, at Frankfurt and Bonn His mam 
interest was, however, still m zoology, and he obtained 
his PhD at Bonn m 1921 with the intention of 
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with Drs W C Fulton and R Smoelam According 
to Warburg's original concept, the unique property 
of mahgnant cells 1s their ability to grow by means 
of the energy of fermentation, that is to say, the 
enzymic conversion of glucose to lactic acid Durmg 
proliferation m cell cultures, however, the normal 
(foetal) cells showed more intensive fermentation than 
the carcinoma or the transformed HLM cells Other 
investigators have reported suniar results, and 
Warburg’s recent studies on monolayer cultures of 
monkey kidney cells have caused him to change 
fundamentally his emphasis on fermentation as the 
essential feature of malignancy 

The explanation of cancer has, therefore, to be 
sought elsewhere m the metabolism of the cell Since 
1953, when Watson and Cnick first described the 
deoxyribonucleic acid molecule and its process of 
replication, knowledge of cellular physiology has been 
progressing rapidly As a workmg basis, Dr Leslie 
suggested that cancer metabolism can be defined ın 
terms of the biochemical events which lead to the con- 
tinued replication of deoxyribonucleic acid and which 
are out of control of the normal restraints imposed 
by the adult organism It ıs necessary to study the 
metabole events leadmg to deoxyribonucleic acid 
synthesis, and to find which are essentially different 
in normal and cancer cells 

Four possible defects 1n. cancer cells were discussed 
and illustrated by observations on cell cultures The 
defects were abnormal chromosomes producmg 
modified cell protems , the channellmg of compounds 
into the synthesis of nucleic acids, the deletion of 
enzymes controlling the degradation of nucleic acids 
and protems , and the loss of control over growth 
because of the altered response of cancer cells to 
hormones Evidence for enzyme deletion as a vital 
defect has come principally from biochemical mvesti- 
gations on liver tumours at the McArdle Memorial 
Laboratory, Madison, and the Montreal Cancer 
Institute Now, the absence of xanthme oxidase and 
argmase ın both transformed and carcmoma cells 
is an example of this type of defect m permanent cell 
strains The failure of the HHP 1 cells of cervical 
origin to respond to cestradiol (although they re- 
spond to msuln) is possibly linked to the recent 
discoveries by American groups that cestradiol 18 the 
co-factor for a transhydrogenase system, and that 
this enzyme ıs much reduced m certam tumoms It 
would, however, be wrong to suppose that there 1s one 
vital defect common to all tumours The encouraging 
features of current research are that the key problems 
m tumour metabolism can be clearly specified and that 
the techniques for solving them are available 

I LEsnrE 
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specializing in entomology and gomg to Palestine to 
work there He studied at the School of Agriculture 
in Geisenheim, and after spendmg half a year at 
Portiei with Silvestri and Grandi, accepted an 
appointment as entomologist in the new agricultural 
research station of the Jewish Agency at Tel Aviv, 
where he worked during 1922-28 

His studies during that period were concentrated 
on eeonomie entomology, culmmating in a book, 
“Die Schadlmgsfauna Palastmmas" (1930), but his 
interests were wider and his energy so mexhaustible 
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that he succeeded, at the same time, m producing 
two volumes of the ““Materiahen zur Geschichte de 
Entomologie" (1928-29) and m carrymg out an 
expedition to the Smai with Dr O. Theodor to settle 
the problem of the o11gin of manna, which proved to 
be the excretion of a eoecid (Najgacoccus serpentynus) 
on tamarisk In 1928, he was appointed a Research 
Fellow, and m 1931 professor of zoology at the newly 
founded Hebrew University at Jerusalem This 
opened a period of most fruitful research on a variety 
of biological problems, resulting ın a long series of 
publications, the total of which durmg his life 
exceeded four hundred, including a number of books , 
apart from those aheady mentioned, he published 
“Animal Life in Palestine" (1935), "Prodromus 
Faunae Palaestinae" (1937), “Problems of Anmal 
Ecology”? (1938), "Anunals m the Bible Lands" 
(1949, 1956), “Citrus Entomology m the Middle 
East" (1951), “Insects as Human Food" (1951), 
“The History of Biology" (1958), and Animal Ecology 
To-day” (1958) His last book, just published, “A 
Biologist m Israel", ıs an extensive autobiography, 
and, at the same time, as he described ıt to me, “a 
history of a generation of ecologists” 

Bodenheimer travelled extensively , ın 1931, after 
a term as a visiting professor at Minneapolis, he went 
around the world, stopping where he would , durmg 
1938-41 he was a visitmg professor at Ankara and 
played a promiment part m developmg entomological 
work m Turkey , m 1943 he was mvited to Iraq to 
study the locust problem there, m 1955 he lectured 
m the University of Durham on Canon H B Tristram 
and vistted Finland, m 1956 he went to Australia 
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Chief Scientist of the Ministry of Supply : 
Dr R Cockburn, CB, OBE 


Ox October 1, Dr Robert Cockbuin took up the 
post of chief scientist of the Mimustry of Supply 
Cockburn gamed hus first degree at the University of 
London when he was only nmeteen adding to it 
later both the M Se and the PhD From 1930 he 
taught science at the West Ham Municipal Collego, 
and at the same time conducted research on the 
effects of electron transit time m very high-frequency 
oscillators, until, m 1937, he jomed the Radio Depart- 
ment of the Royal Arrcraft Establishment, Farn- 
borough, where he was engaged in the development 
of a new very high-frequency communication system 
for the Royal Air Force From 1939 until 1945 
Cockburn was at the Telecommunications Research 
Establishment, Malvern, where he and his team 
developed and used radio counter-measures of all 
kinds in the protection both of targets m Britam 
and British bombers operating over enemy territory 
For his outstanding work he was appomted OBE 
m 1946 He spent a short period at Chalk River and 
at Harwell, until 1n 1948 he became scientific adviser 
to the Am Ministry He stayed there for five years, 
jomung the Ministry of Supply ın 1953, where he has 
been successively responsible for research and forward 
thinking in all applications of electronics, for the 
organization of all the research and development 
programmes in this field, and since 1956, as con- 
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for a Unesco meeting on the Climatology of Ard 
Zones and took in South Africa en route Wherever 
he went, he lost no opportunities of learning at first 
hand all that could be learned of local biological 
problems and mstitutions and workers 

His main life-mterest was animal ecology m the 
broadest sense His eailier published books on the 
subject did not 1eceive sufficient recognition, smce he 
had to write in English, which was not his own 
language, and many of his origmal ideas have been 
offered ın a not easily digestible form Moreover, he 
was never easily satisfied with formal definitions of 
concepts and always searched foi other than the 
accepted solutions of such basic problems as the 
equilibrium in animal populations, animal com- 
munities, the interaction of environment and heredity, 
etc On many of these points he was outspokenly 
critical of views of others, but his criticisms were 
always such as not to annoy, but to stimulate 

As an entomologist, Bodenhemer left a geat 
heritage, but he was also well known to mammalogists 
for his studies on the vole (Macrotus) populations m 
Palestine, and before his death he prepaxed a revision 
of Canon Tristram’s work on the mammals of 
Palestine 

His many travels and his deep mterest m. the work 
of others have made Bodenheimer well known to a 
large number of biologists all over the world and his 
early death will be deeply regretted by many His 
wife, Mrs Rachel Bodenheimer, who accompanied 
hun on many of his travels, made friends wherever 
she went Ther many friends will share her feeling 
of loss B P Uvarov 
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troller of guided weapons and electronics, for the 
whole field of research, development and production 
of these equipments 

Cockburn brmgs to his new post exceptional prac- 
tical knowledge of the operational use and technical 
requirements of systems that he gamed in the Second 
World War, the intimate knowledge of the Services 
that he acquired when at the Air Ministry, and the m- 
side knowledge of the Mmustry of Supply gathered m 
the three senior appomtments that he has already 
held there He adds these to his wide basic scientific 
knowledge and his international standmg and 
prestige as a scientist who has concentrated on the 
special problems of defence His appomtment is 
warmly welcomed by his professional colleagues, 
Service and scientific, throughout the many circles 
in which he is well known 


Engineering at Leicester * Prof E. W. Parkes 


Dr E W. Parkes has been appomted to the new 
chair of engmeermg in the University of Leicester 
Dr Parkes was born at Sutton Coldfield ın 1926, and 
was educated at Kmg Edward’s School and St 
John’s Qollege, Cambridge, where he gamed first- 
class honours m the mechanical sciences tripos in 
1945 After leavmg Cambridge, he worked for a year 
at the Royal Aircraft Establishment and for two 
years with the Hawker Siddeley group on the design 
and testing of aircraft structures He returned to 
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Cambridge in 1948 to study the elastic stresses in 
flanged beams In 1950 he was appomted Umversity 
demonstrator and afterwaids lecturer He was elected 
into a fellowship at Gonville and Caius College in 
1954, and m 1957 was appomted tutor Dr Parkes’s 
mam fields of research are the melastic dynamic 
behaviour of structures and the behaviour of struc- 
tures subjected to temperature variation He is 
particularly mte1ested ın repeated thermal loading 
phenomena such as imcremental collapse under 
thermal cychng In the mdustnial field, Dr Parkes 
has acted as consultant on the design of crane Jibs, 
tall towers, bridges, boilers and vacuum vessels He 
has lectured on his work on thermal stresses on a 
number of occasions 1n Denmark and Sweden anc 1s 
at present spending six months as visitmg professor 
at Stanford University, California, workmg m the 
same field 
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Highway and Traffic Engineering at Birmingham 
Prof. J. Kolbuszewski 


De J EFKorsuszEWSKI, who has been appomted 
to the chair of highway and traffic engmeering which 
has recently been established within the Department 
of Civil Engineering at the University of Birmingham, 
jomed the University as a lecturer in 1951, the title 
of reader in soil mechanics being conferred on him 
in 1957 During the past three years he has been in 
charge of the Graduate School of Highway Engmeer- 
ing and the Graduate School of Foundation Emngin- 
eermg Originally, Dr Kolbuszewski graduated from 
the University of Lwow, where he was afterwards a 
lecturer m civil engineermg He served throughout 
the Second World War with the Polish, French and 
British armies After the War he studied at zhe 
Imperial College, London, where he obtained his 
PhD degree He was a member of the staff of sho 
Polish University College, London, from 1946 to 
1950, jomung as a lecturer and bemg promoted to 
professor and director of studies in 1947 

Dr Kolbuszewski’s research interests have been 
principally concerned with problems m $011 mechanics 
and foundation engineering, and, in particular, with 
problems arismg ın connexion with pressures under 
pavements and the trafficability of beaches A few 
years ago he cared out some original experiments 1n 
the Sahara Desert, when he obtamed some interesting 
information regarding the bearmg capacity of wind- 
deposited sands 


Radiation Protection 


THE occupational hazards associated with racio- 
active materials have for a generation been under 
periodic review by the International Commission on 
Radiological Protection, which is a commussion set 
up by the International Congress of Radiology and 
by national bodies In the United States this 1s the 
National Committee on Radiation Protection, which 
issued its latest report on June 5 (US Department 
of Commerce National Bureau of Standards 
Handbook 69 Maximum Permissible Body Burdens 
and Maximum Permussible Concentrations of Radio- 
nucldes m Ar and m Water for Occupational 
Exposure Pp vim+95 Washington,DC Govern- 
ment Printmg Office, 1959 35 cents) The chairman 
of the sub-committee responsible for this report is 
also chairman of the corresponding international 
committee It can therefore be taken that this 
document is in many respects a pre-view and 
abbreviated version of the corresponding recom- 
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mendations of the International Commission on 
Radiological Protection which are now m press 

Previous figures for permissible body burdens of 
radioactive nuclides were given m 1953 The basis 
for recommendations concernmg permissible exposure 
was revised recently (Recommendations of the 
International Commussion on Radiological Protection, 
September 9, 1958 Pergamon Press, London, 1959) 
This has led to corresponding 1evision to smaller per- 
mussible body burdens only fo: nuchdes which result 
m madiation to the whole body However, new 
biological data and improved methods of calculatmg 
physical doses have led to a complete 10-assess- 
ment of values This has allowed permissible figures 
for some nuclides to be mereased — notablv twice 
as much strontium-90 as before ıs now allowed At 
the time this produced a furore in the American 
daily press On strictly logical grounds the com- 
muttee could have raised the value five-fold That ıt 
did not do so indicates that judgment and opinion 
as well as numbers have been used rather than 
strict logic After all, the figures are not magical , 
they are still capable of revision ın the light of further 
information and experience after a further qum- 
quennium. 


International Council of Scientific Unions 


Tue financial statement of the International 
Council of Scientific Unions for the period November 
1, 1957, to December 31, 1958 (pp 12 The Hague: 
International Council of Scientific Unions, 1959), 
records an excess of expenditure over income for the 
period of 16,638 dollars, ın spite of a further mcrease 
in the mcome from member unions to 2,852 dollars. 
The 67,428 dollars received fiom national members 
durmg the year mcludes 20,898 dollars, representing 
annual dues previously ın arrear The increase m 
expenditure from 42,970 dollars m 1956-57 to 88,139 
dollars 1s attributed to the mereasmg scientific 
activity of the Council, the higher costs of running 
the Secretariat, mainly due to imereased staff, tho 
heavy costs of holding the 1958 General Assembly 
and Meeting of the Executive Board m the United 
States and the establishment of a Secretariat m The 
Hague, apart from the fact that running expenses 
are for fourteen months instead of the normal twelve. 
For the trenmum 1959-61 the eighth General 
Assembly adopted a budget of 58,000 dollars per 
annum, and the Assembly also strongly endorsed the 
decision of the Executive Board to establish a 
capital fund 


University Foundation of Belgium 


Dorme the academic year 1957-58 the University 
Foundation of Belgium distributed subsidies totalling 
4,858,992 francs and 2,441,500 francs in awards for 
ordinary studies Of the latter, 1,046,500 francs were 
at the University of Louvain, 718,000 francs at the 
University of Ghent, 359,000 francs at the University 
of Brussels and 198,500 at the University of Liège. 
Of the 167 awards, 32 were m science, 4 1n pharmacy, 
33 in medicine, 1 m vetermary medicine, 3 in dental 
science, 32 in engineering, 4 in agronomy, 5 in 
political, social or administrative science, 5 in com- 
mercial or economic science or finance, and 4 in 
apphed psychology and vocational guidance — Five 
awards were made for courses of study abroad four 
m France and one m Switzerland Subsidies for the 
publication of scientific works amounted to 458,500 
francs and to periodicals to 2,158,000 frances, while 
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scientific associations received subsidies amounting 
to 606,000 francs The thirty-eighth annual report of 
the Foundation (Fondation Universitaire Trento- 
huitiéme Rapport Annuel, 1957-1958 Pp 148 
Bruxelles Fondation Universitaire, 1959) which 
gives these figures, mcludes a lst of beneficiaries 
during the year, as well as some notes on institutions 
with which the Foundation has connexions It also in- 
cludes a lst of bursais for 1958-59 under the Belgian 
American Education Foundation, Inc, both in 
Belgium and m America Of the 29,651 university 
students enrolled in 1957-58, 81 5 per cent were men 
and 18 5 pei cent women 11 35 per cent were in 
science, 25 33 per cent in medicime and pharmacy, 
11 62 per cent ın apphed science, 2 52 per cent in 
agronomy, 615 per cent m social, political and 
economic science, and 13 16 per cent in commercial 
science Of 4,770 diplomas obtained m 1956-57, 630 
were in science, 1,035 in medicine and pharmacy, 
33 in vetermary medicme, 405 ın applied science, 
151 m agronomy, 266 ın social, political and economic 
science, and 654 m commercial science 


Industrial Psychology Grant Increased 


Tur Depaitment of Scientific and Industrial 
Research is to contmue rts annual grant to the 
National Institute of Industrial Psychology for a 
further five years The amount 1s to be raised from 
£4,000 to £6,000 & year, on the understandmg that 
the Institute will increase to £9,000 a year its own 
income from membership subscriptions and special 
contributions for long-term research The Depart- 
ment of Scientific and Industrial Research 1s also to 
add another £100 a year for every £100 of grant- 
earning income which the Institute can obtam m 
excess of the qualifying £9,000, up to a maximum of 
another £6,000 a yea This means that if the 
Institute can raise £15,000 a year from industry, the 
Government will give ıt £12,000 The grant and the 
grant-earnmg mcome have to be put 1n a special fund 
and used only for long-term research. Among 1esearch 
projects now in train are an inquiry into workers’ 
attitudes to the opportunities and rewards offered by 
ther jobs which may have a bearmg on personnel 
policies ; an mvestigation into the relation between 
satisfaction and efficiency on the job, a study of 
industrial management structure and efficiency , and 
experiments on tests for manual skill The Institute 
has 1ecerved many inqumies from mdustry iecently 
about the special tests ıt has devised for selecting 
suitable school-leavers to be engineermg apprentices 


Australian Atomic Energy Commission Research 
Grants 


RESEARCH grants totalling almost £28,000 have 
recently been awarded by the Austrahan Atomic 
Energy Commission in support of research under 
contract in seven Australian universities Fields 
covered include chemistry, physics, geology, mining, 
electrical, metallurgical and chemical engineermg, 
and the biological sciences The grants have been 
made for work in fields which will contribute to the 
Commussion's own work in developing civilian uses 
of atomie energy 


Alkali and Similar Works ın Britain 


Tue ninety-fifth report of the Chief Inspector on 
Alkah, etc, Works m England and Wales covermg 
the year 1958 notes an increase m the number of 
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works registered under the Act fom 872 at the 
end of 1957 to 2,160 at the end of 1958 It also 
Shows an inorease in the number of separate pro- 
cesses from 1,733 to 3,412 in consequence of the 
extensions of the lst of scheduled works and of 
noxious or offensive gases under the Alkah, ete, 
Works Order, 1958 Many of the new registrations 
relate to very large undertakings, particularly as 
regards the non and steel mdustry and the newer 
electric power stations The result of these increases 
is that the staff of the mspectorate has been mereased, 
and ıt will now be necessary to adjust the mternal 
organization The 7,142 visits and mspections during 
the year included 255 special visits by the chief and 
deputy chief mspectors and 32 by Mr W A Damon, 
the former chief mspector, who continues to serve m 
a special advisory capacity Several visits were again 
paid to establishments of the Atomic Energy 
Authority, and discussions with the Authority during 
1958 covered problems arising out of the nuclear 
power problem, particularly as regards the increased 
scale of processing uranium for use as a fuel and of 
wradiated uranium from the projected nuclear power 
installations Considerable imteiest has been shown 
by local authorities in clean air matters and in the 
processes scheduled by the 1958 Order, and friendly 
and adequate liaison and co-operation appear to 
have been established There were twelve infractions 
of pre-1958 processes compared with seventeen in 
1958, and of these, six related to escapes of acid 
gases ın excess of statutory limits and six to failure 
to use ‘best practicable means’ The Chief Inspector 
for Scotland ieports 213 visits durung the year, 
1ncludmg 27 m connexion with the Alkah, otc , Works 
(Scotland) Order, 1958, mainly about points of doubt 
m. appheations to register In the course of 89 
chemical tests, three infringements were found, two 
in chamber sulphuric acid plants, which appeared to 
be quite madvertent, and one at a plant for concen- 
trating sulphuric acid Two further infringements 
were noted durmg visual inspection of premises 
registered for distulation of tar 


New Journal of Psychopharmacology 


LrrERATURE on psychopharmacology has hitherto 
either appeared as contributions to symposia, of 
which the past years have seen ever-increasing 
numbers, ox been scattered in the periodicals of many 
diseiphnes, such as psychology, psychiatry, physio- 
logy, biochemusàiy and pharmacology Psycho- 
pharmacologia 1$ & new journal aiming at findmg a 
single home for the investigations on the effect of 
drugs on behaviour carried out by workers with the 
greatest variety of trammg (Vol 1, Fasc 1 Pp 
78+10 960 DM Maximal-preis 1959, 40 DM 
Maximal-preis 1960, 80 DM Berlim  Sprmger- 
Verlag, 1959) There will be some overlap with the 
recently launched periodical Biochemical Pharma- 
cology as there will be with the Journal of Neuro- 
chemistry, but interest ın this field has been so great 
m recent years that the editors will experience little 
difficulty ın obtammg manuscupts of the highest 
standard Papers will be accepted in English, French 
or German ‘The advisory board ıs recruited from 
Western Europe and North America The first 
number contains a review and a number of original 
articles and makes interesting reading It ıs to be 
hoped that psychopharmacologists, while keepmg up 
with ther own discipline, will find tme to read yet 
another integrating journal 
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Bird Paintings of the Eighteenth Century 


Tux Trustees of the British Museum have pub- 
hshed an account of “Some Eighteenth Century 
Bud Pamtmgs in the Library of Sr Joseph Banks 
(1743-1820)", by Avenl Lysaght (Bull Brt Mus 
(Nat Haist), Historical Senes, 1, No 6 Pp 
251-371 -+plates 35-37 From the Museum 40s) 
This collection, ultimately passing to the Brrüsh 
Museum, included the work of various artists 
accompanying Captain Cook on lus three voyages 
These are of mterest to systematists in that 
some of the drawings rank as the types of the then 
newly discovered species, the actual specimens 
having deteriorated 01 perished The record is of all 
the more value in that some of the species have 
meanwhile become greatly reduced m numbers and 
geographical incidence, if not extmet Owme to the 
aceident that some of the illustrations remained in 
Bloomsbury when others were transferred to South 
Kensmgton in 1880, these were overlooked by 
Bowdler Sharpe and others The task of making a 
new assessment was orginally suggested by the late 
Sir Norman Kinnear 
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Microcard Adapter for 'Dagmar' Microfilm Reader 


THE Dutch ‘Dagmar’ mierofilm-mierofiche reader, 
which was introduced mto Great Britam m 1957, has 
proved itself to be a good, cheap, portable reader with 
many attractive features It has been made even 
moro versatile by the addition of a microcard adapter 
This has been developed ın the hbrary of the Man- 
chester College of Science and Technology and 15 1s 
now bemg manufactured for sale to others Anyone 
already ownmg a ‘Dagmar’ can effect the alteration 
necessary to take the adapter in a few moments A 
small hole has to be cut m the front panel above the 
lens and a triangular casting bolted on This takes 
the condenser system of the adapter and positrons 
the ilumunation so that ıt shmes down on to the 
mucrocard which is m the glass microfiche holder 
The adapter is bemg distributed by Trew 
Microfilmmg, Ltd, 22 Park Lane, Croydon, at 
about £19 


Museum of Applied Science, Victoria 


THOSE engaged m museum work have often 
deplored the name but have failed to find an adequate 
substitute The Report of the Museum of Applied 
Science for the year ended June 1958 states that the 
Tiustees have unanimously recommended that the 
term ‘Institute’ shall replace ‘Museum’, and they 
trust that the necessary legislation to effect the 
change shall be mtroduced It 1s felt that the new 
title will indicate more clearly the present functions 
and activities, especially as the displays mterpret the 
rapid and contmuing advances mn applied science and 
technology The International Geophysical Year 
was well publicized both by means of special displays 
and booklets 


Cancer Current Literature Index 


Tue Excerpta Medica Foundation, which has its 
mam office m Amsterdam, provides a monthly com- 
prehensive series of abstracts on branches of medicine, 
one of which 1s devoted to cancer The August issue 
of the cancer section 18 a sizeable volume of 170 
pages eontaining nearly 600 abstracts The Founda- 
tion has now, m collaboration with the US Canger 
Society, begun the production of a still more con- 
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densed form of abstracts which consists only of title, 
author and reference to publication, the first 
numbe: (September) 1s a guide to 300 papers, dealing 
with different aspects of cancer research The aim of 
this pubheation, which has been made possible by a 
grant from the US Cancer Society, Inc , New York, 
18 to provide a regular, up-to-date mdex of the 
bibliographical 1eferences to the world’s literature m. 
the field of cancer The “Cancer Current Literatme 
Index" will appear at tervals of two to three weeks. 
Each yearly volume will contam approximately 
4,500 references from some 3,000 medical journals 
published all over the world, meluding those fiom 
the USSR 


Cattle and Buffaloes of India 


ABOUT 20 per cent of the total number of cattle m 
the world exist m India, and while at present they 
are mainly used foi draught purposes, their poten- 
tiahty, at present but poorly developed, for milk 
supply 1s great Improvement of these cattle for milk 
production would not only supply one of the main 
nutritional needs of the Indian peoples but also 
would improve the economic position of the peasant 
farmer by givmg him the weekly mcome which he 
does not receive from crop farming alone One of the 
steps towards an improvement 1s the holding of cattle 
shows for the development of special breeds A 
bulletin published by the Indian Council of Agrı- 
cultural Research on “Bove Stars of India” illus- 
trates some of the best mdividual cattle of different 
bieeds exhibited at fom Regional and the All India 
Cattle Shows m 1955 (Indian Council of Agiieultu1al 
Research Misc Bulletin No 82 Pp iw+29 Delhi 
Manager of Pubheations, 1957 Rs 237, 4s) Itis 
stated that some of the cattle have been given prizes 
for bemg the best mileh type, but the absence of any 
actual records of production to go with the photo- 
graphs is to be regretted Smce the buffaloos and 
native Zebu breeds of cattle have a high degree of 
heat tolerance 16 1s on their improvement rather than 
by the mtroduction of European breeds, lackmg heat 
tolerance, that the future milk supply of India hes 
Bulls and cows of some twenty-six breeds of cattle 
and three breeds of buffaloes have been photographed 
agamst a squared background which enables one to 
Judge actual size, and an attempt is to be made to 
record body measurements at future shows Some 
good draught type cattle are also illustrated, but one 
wonders how long 1t will be befo1e they are replaced 
by mechanization 


Pest Control 


Tar Ministry of Agriculture, Fisheries and Food 
has published under the title ‘Infestation Control : 
a Service to Agriculture and Food Storage" (pp iv+- 
32412 plates London HM Stationery Office 4s) 
a pamphlet describing the research carried out by its 
officers on the problems of mfestation control m 
farms and warehouses, together with a brief history 
of the subject in Great Britam The work falls into 
two main parts, one dealing with the msect pests of 
stored foodstuffs, the other with vertebrate enemies, 
such as rodents and birds By what must be regarded. 
as a political accident, vertebrates are covered 
whethe: they attack crops in the field or in store, 
whereas the mvertebrate field pests are the respons- 
ibility of another section of the Mmistry Both parts 
of the pamphlet cover a surprisingly wide range of 
topics mn which the application of scientific method 
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has made impoitant contributions to public health 
or profit These concern especially the control of 
msect pests by chemical means and the development 
of new techniques for baiting rodents and, more 
recently, the development of anti-coagulant poisons 

Perhaps characteristically m Britam, the pioneer 
work was done in the universities and recerved final 
Government blessing during the Second World Wai 

There ıs a useful list of papers published by members 
of the mfestation control division durmg the past 
fifteen years 


Nitrogen Replenishment in the Soil 


Lano fertility improvement was the theme of the 
presidential address by Di N R Dhar, of the 
University of Allahabad, this year to the Indian 
Society of Soil Science held at Delhi He pomts out 
that the amount of fertilizer used ın the world 1s still 
very madequate and production of nitrogen. fertilizer 
appears to be lagging behind production of phosphate 
and potash Under-developed countries are poorly 
equipped with nitrogen-fixation factories because of 
the high capital investment involved Dhar estimates 
that approximately one hundred milion tons of fixed 
nitrogen 1s necessary for the food supply of the world, 
but present production 1s less than eight million tons 
This emphasizes the importance of other nitrogen 
sources For example, legumes probably fix five 
mullon tons of nitrogen and ram contains about ten 
million tons It is also pointed out that the amount 
of nitrogen lost m refuse from urban areas is about 
equivalent to the amount of nitrogen supplied to 
world crops as fertilizer Even m highly organized 
agriculture such as 1n the United States, more nitrogen 
is removed from the soil than returned as fertilizer, 
resulting 1n an annual deficit of sxx million tons This 
translated into world figures means a loss of about 
fifty million tons of nitrogen a year This annual loss 
must be compensated m permanent agriculture by 
natural methods of recuperation By making assump- 
tions concerning the amount of carbon added to the 
earth by photosynthesis and the proportion of this 
which m turn ıs oxidized, ıb is estimated that one 
hundred and ten millon tons of nitrogen a year i8 
fixed by natural processes Hence this 1s the chief 
natural source of soil nitrogen and far exceeds the 
amount supplied by fertilizers 


Tectonics in the USSR 


A GREAT advance m tectonics was made by the 
pubheation of the tectonic map of the Soviet Union 
m 1957 on the scale of 1 5,000,000, published on 
mne sheets This map is coloured vividly m 
accordance with the orogenic age of the formations, 
with tints and shadings indicating various folding 
phases and structural features The map was com- 
piled by a numbe: of geologists under the dnection of 
N S Shatsky, one of tho foremost tectonists in the 
Soviet Union It was accompanied by an explanatory 
memoir written by N S Shatsky and A A Bogdanov 
A small-sized variant of this map is published by 
Y A Kosygin (Proroda, 8,21 1958) as an illustration 
for his article dealing with new methods applied to the 
study of tectome structure of the Earth's crust by 
means of deep stratigraphical boreholes This 
method, according to the author, 1s particularly suit- 
able for the study of the ‘cover’ of ancient ‘platforms’ 
and also for the preparation of ‘palzeogeological’ maps 
of the ‘floor’ of the ‘cover’ In another article Y A 
Meshcheryakov (Pruoda, 9, 15, 1958) discusses 
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‘neotectomcs’—a term proposed by V A Obruchev 
for the study of the recent or near-recent movements 
of the Earth's crust In this article he gives a 
‘neotectonic’ map of the European part of the Soviet 
Union and a generalized map of the world showing 
regions of recent elevation and depression as well as 
the earthquakes zones This map shows that the 
modern regions of elevation are not confined to the 
areas of Quaternary glaciation and therefore cannot 
be explamed by the hypothesis of glacial isostasy 
contiol 


Meteorological Data 


RADAR 18 a powerful tool for the meteorologist ın 
the detection of precipitation as 16 1s the only means 
of locating the positions of all precipitation fallmg at 
above a certam moderate rate and at any one time 
withm a distance of tho order of 100 miles from the 
transmitter The strength of the radar echo 1s pro- 
portional to ND*/L*, where N ıs the number of drops 
m unit volume, D the drop diameter and L the wave- 
length of the radar The echo intensity thus mcreases 
very rapidly with the size of the drops The advantage 
of a very short wave-length 1s, however, offset by 
mcreased attenuation of the beam by precipitation 
and the water vapour and oxygen of the air, and by 
engmeermg difficulties of obtexung adequate radiant 
power In practice, wave-lengths in tho region of 
3-10 em are mostly used, givmg &dmnable repre- 
sentation of moderate and heavy ram at distances up 
to 100 miles or more Radar ıs of great value for 
guiding airciaft m and out of airfields to avoid 
highly turbulent thundeielouds, in forecasting the 
approach to erties of thunderstorms with their effects 
on public transport and demand for hghtmg, and 
also in the study of cloud structure and hydrology 
The subject ıs comprehensively discussed m all its 
aspects ın a 1ecent report by the World Meteorological 
Organization piepared by a Workmg Group of the 
Commission. for Instruments and Methods of Observa- 
tion under the chanmanship of Mı R F Jones, of 
the Meteorological Office (Technical Note No 27 
Use of Ground-Based Radar m Meteorology (Ex- 
cluding Upper-Wmd Measurements) Pp xvi+80 
Geneva Secretariat of the World Meteorological 
Organization, 1959 9 Swiss francs) This describes 
the basic theory, types of radar and display, recording 
and transmitting the information, the types of radar 
echo associated with clouds and precipitation, echoes 
from other phenomena such as smoke, insects and 
birds, the practical applications and the use of rada: 
mn iesearch 


European Nuclear Energy Project, Dragon 


THREE engineers, one from Switzerland and two 
from Italy, arrived in Britam on September 21, 
representing the advance guard of some nimety 
European engineers and scientists who, with 160 
from the United Kingdom, will comprise the mter- 
national staff of the Dragon project of the Organiza- 
tion for Emopean Economie Co-operation at the 
Atomic Energy Establishment, Winfrith, Dorset (see 
Nature, 188, 507, 1959) 


Harwell*Reactor School Courses 


STANDARD Course No 20 of the Harwell Reactor 
School will commence on January 4 and continue 
until April 29, 1960 These courses, which began 
m September 1954, are designed to tram engineers 
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m the techniques of 1ieactor construction and 
operation, particularly m connexion with nuclear 
power stations A special course for senior technical 
executives, the tenth of its kind, will be held durmg 
May 9-20, 1960 Application forms and details of 
both courses can be obtained from the Principal, 
Reactor School, Atomic Energy Reseaich Establish- 
ment, Harwell, Didcot, Berks 


University News : Oxford 


Ir is announced that the Medical Research Council 
has provided a giant not exceeding £1,100 for the 
year beginning October 1 for scientific assistance m a 
study of X-ray analytical methods of insulin and 
related structures, to be carried out in the Laboratory 
of Chemical Crystallography under the direction of 
Dr D M Hodgkin A grant not exceeding £5,700 
for the three years begmning October 1 has been 
provided by the United Kingdom Atomic Energy 
Authority for studies m interferometric spectroscopy 
to be carried out ın the Clarendon Laboratory under 
the direction of Dr H G Kuhn, and m addition a 
further grant not exceeding £1,250 during the per:od 
October 1, 1959, to September 30, 1960, for work on 
the constitution of bismuth-rich alloys bemg carned 
out in the Department of Metallurgy under the 
direction of Prof W  Hume-Rothery 

The United States Pubhe Health Service has pro- 
vided a sum of 14,160 dollars for the year which cam- 
menced September 1 for the contmuation of research 
on vision and light quanta, bemg carried out m she 
Department of Physiology by Dr M H Purenne, 
under the direction of Prof E G T Liddell 

Grants are to be received from the Department of 
Scientific and Industrial Research as follows £1,000 
for the year begmnmg October 1, for research on 
some natural products with biological activity, to be 
carried out m the Sm Wilham Dunn School of 
Pathology under the direction of Dr E P Abraham, 
£1,500 for one year as from October 1, for research 
into perceptual limitations in high-speed performance, 
to be carried out m the Institute of Experimertal 
Psychology by Dr H Kay, under the direction of 
Prof R C Oldfield, £22,860 for the three years 
ending September 30, 1962, for an mvestigation of 
the geological age of rock series by methods based on 
natural radioactivity, bemg carried out m the 
Department of Geology under the direction of Prof 
L R Wager, £1,220 for equipment for research on 
the biochemical mechanism of cell division, to be 
carried out in the Department of Biochomustry under 
the direction of Sir Hans Krebs, £25,725 for the 
period October 1, 1959, to July 31, 1962, for an 
investigation of materials, using magnetic resonance 
and double resonance techniques, to be carried out 
in, the Clarendon Laboratory under the direction of 
Prof B Bleaney , £17,610 for the period October 1, 
1959, to July 31, 1962, for an investigation of nuclear 
orientation and nuclear cooling in magnetic fields to 
be carried out m the Clarendon Laboratory by N 
Kurti under the direction of Prof B Bleaney The 
Ministry of Supply has provided a giant not exceeding 
£1,175 for the year as from September 1, 1959, for 
the contmuation of an investigation of fluorocaibo- 
hydrates bemg carried out in the Department of 
Biochemistry unde: the direction of Dr" P W 
Kent £2,200 1s to be expended from the University 
General Fund on alterations to the Department 
of Zoology ın ordei to provide additional teaching 
space i 
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Mr F A Buichaadt, director of the Institute of 
Statistics, who died on December 21, 1958, has been 
succeeded by E F Jackson, Fellow of St Antony’s 
College 


World Meeting on Veterinary Education 


A WORLD meeting on vetermary education, to be 
held m London durmg April 25-29, 1960, is bemg 
convened by the Food and Agiiculture Organiza- 
tion The meeting will be held at Church House, 
Westminster, by invitation of HM Government, 
and will be attended by participants from most 
parts of the world, ıncludıng the Far East, Latm 
America, the Near East and Africa 


British Society of Rheology 


Tue British Society of Rheology has announced 
the following officers for the year 1959-60 President, 
Dr H Kolsky (Armament Design Establishment) , 
Hon Secretary, Dr M F Culpm, Hon Treasurer, 
Mr © € Mill, Hon Editor (Bulletin), Mr J F 
Hutton (Shell Research, Ltd), and Hon  Eduor 
(Abstracts), Dr J C Vernon 


British Electronic Achievements 


Te scheme for awardmg annual premiums for 
articles on electronics, organized in the past by the 
Radio Industry Council (London) 1s now under the 
jomt sponsorship of the Council and of the Electronic 
Engmeermg Association Articles published during 
1959 will be considered by the panel of judges early 
m the New Year, and explanatory leaflets can be 
obtamed from the Electronie Engmeermg Associa- 
tion, 11 Gieen Street, London, W 1, to which also 
eligible articles should be submitted before the end 
of the year 


The Annual Review of Pharmacology 


ANNUAL Revimnws, Inc, of Palo Alto, California, 
announces the organization of a new series “The 
Annual Review of Pharmacology”. The first volume 
is scheduled to appear in April 1961 Prof Windsor 
C Cutting, of Stanford University, has been appomted 
as editor, and Prof Henry W Elhott, of the Univer- 
sity of California, as associate editor Members of 
the Editorial Committee, under whose direction the 
Reviews will be organized, are mutially as follows 
Windsor C Cutting (chairman), Bernard B Brodie, 
National Heart Institute, Maynard B Chenoweth, 
Dow Chemical Co , Louis S8 Goodman, University 
of Utah, G B Koelle, University of Pennsylvania , 
Chauncy D Leake, Ohio State University, and 
Maurice H Seevers, University of Michigan 


Announcements 


Mr A PERERA, representing Ceylon, has been 
appointed chairman of the Executive Council of the 
Commonwealth Agricultural Bureaux, m succession 
to Dr J G Malloch Mr C K Reheem, repre- 
senting Pakistan, has succeeded Mi Perera as vice- 
chairman 


Erratum In the communication entitled '*Pro- 
duction of Serum Albumin and of Globuhns — "' by 
Prof E Broda eż al, ın Nature of August 1, p 361, 
the penultumate hne of column 1 should be at the 
foot of column 2, further, Dr Leshe's stram 1eferred 
to in column 2 should be HLM and not HIM as 
printed 
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THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 
f PRESENT STATUS 


HE European Organization for Nuclear Research 
(CERN) has in operation à synchrocyclotron, 

accelerating protons to 600 MeV, and is m course 
of constructing an alternating-gradient synchrotron 
which 1s designed to accelerate protons up to 25 GeV 
In addition to these two accelerators, CERN ıs 
building up on its site at Meyrm, nea Geneva, 
expermental equipment and services comparable 
with those existing or bemg built at Brookhaven and 
Berkeley ın the United States and at Dubna in the 
USSR 

The synchrocyclotron, which has been running for 
more than a year and in recent months has operated 
for 95 per cent of the scheduled time, ıs yreldmg an 
ever-increasing flow of expe:imental results Analysed 
beams of mesons, neutrons and protons are available 
m two experimental halls on erther side of the machine 
The most recent experiments which have been com- 
pleted mclude a chaige-mdependence experiment con- 
cerning the ratio of the cross-sections of the reac- 
tions p + d — H? + n+andp + d — He? + 7°, which 
should be (apart from Coulomb and mass correction) 
exactly 2 The expermmental accuracy achieved was 
5 per cent, which ıs perhaps the most precise con- 
firmation of charge-independence yet obtamed at 
high energies An experiment m an earler stage 1s 
exammung the neutron groups from the reactions 
m E p—mnx"-rnanda- + p—y +n wth 70 MeV 
pions This has already yielded an accurate value of 
the x° mass Two experiments which are now bemg 
designed are on the scattering of u-mesons by nuclei 
(for which a focusing channel for muons 1s under 
construction) and an experiment foi the accurate 
measurement of the anomalous part of the magnetic 
moment of the muon Two experiments using hydro- 
gen bubble chambers are just starting, the first, 
using a 25 cm diameter chamber brought to CERN 
by an Italan group, deals with the scattermg of 
350 MeV p:ions by protons, and the second, using a 
30 cm diameter chamber built at CERN, deals with 
the double production of z-mesons Many other 
experiments are bemg carried out with the synchro- 
cyclotron by teams of CERN physicists and by 
visiting groups from the member countries of CERN 
About 30 per cent of the running time of the machme 
18 scheduled for these vistting groups, which melude 
teams from Padua, Utrecht, Harwell and Unrversity 
College, London 

The magnet units of the 25 GeV pioton synchro- 
tron, one hundred m number and weighing ın total 
4,000 tons, are mounted ın the machine building, a 
subterranean annular tunnel covered with 3 m of 
earth Pulsing tests on the magnet, using the rectifier- 
inverter set and generatoi, began in the latter part of 
July The vacuum system, a 620 m long elliptic tube 
pumped by fifty vacuum pumping stations, 1s nearly 
assembled, as are the sixteen radio-frequency acceler - 
ating stations Two tanks of the three-tank lmear 
accelerator, which will mject protons with an energy 
of 50 MeV mto the synchrotron, are working, giving 
35 mamp of 30 MeV protons 

Considerable thought has gone into the plannmg 
of the experimental apparatus to be used with the 
25 GeV accelerator and into the layout of this 
apparatus ın the experimental halls The largest 


pieces of equipment bemg built at CERN are a 2 m 
long liquid hydrogen bubble chamber, a 1m diameter 
propane bubble chamber and a 2 m long gas Cerenkov 
counter The propane chamber, complete with its 
magnet, giving a field m the chamber of 18,000 gauss, 
weighs about 100 tons and ıs planned to come mto 
operation in the middle of next year The hydrogen 
chamber and its magnet weigh about 600 tons and 
are scheduled for operation in 1962 A French group 
from the Centre d'Études Nucléames, Saclay, will 
bring an 80 cm long hydrogen bubble chamber to 
CERN towards the end of 1960, and a British. group 
plan to bring an even larger hydrogen chamber in 
1961 Another French group, from the Ecole Poly- 
technique, Paris, plans to bring a 1 m long propane 
bubble chamber next year These ‘visitmg’ bubble 
chambers will be used at CERN by mixed teams of 
CERN physicists and the physicists coming with the 
chambers Initially, the 30 cm diameter CERN 
hydrogen bubble chamber will be used for exploratory 
experments To geb momentum-analysed and puii- 
fied beams of particles to these bubble chambers and 
to counter experiments, systems of bending and 
focusing magnets have been designed and ordered, 
and a 30 m long beam separator 18 ın course of study 
Direct current generators, totalhlng 8 MW capacity, 
are bemg installed to power these experimental 
magnets 

Although about 500 sq m of floor area are at 
present available for experiments with the proton 
synchrotion, this space will be fully occupied by ex- 
perimental equipment withm a year or so of the accel- 
erator coming mto operation A new experimental 
aea, foreseen for use in. 1962, will provide special build- 
ings for the very large hydrogen bubble chambers and 
a 600 m long flight path for the beams of particles 
emerging from the synchrotron This long flight 
path ıs necessitated by the extreme difficulties 
encountered 1n trying to distinguish between drfferent 
types of particles at such high energies where all 
particles, irrespective of their rest mass, are travelhng, 
at very nearly the velocity of light It ıs possible to 
discrimmate between different particles only after 
they have travelled hundreds of metres, when the 
small relative velocity differences of the particles 
have resulted m a time separation which can be 
measured by electronie discrummators with resolution 
times of a few nanoseconds (10-? sec ) 

The analysis of the bubble chamber photogiaphs 
wil be carried out with semi-automatic measuring 
machines, designed at CERN, similar to those 
already in use at the Radiation Laboratory at 
Berkeley The output of these machines, in digital 
form, is fed into the Ferranti Mercury computer 
now 1n operation at CERN, for spatial reconstruction 
and kinematic analysis of events 

In addition to the expermnental groups using the 
600 MeV synchrocyclotron and planning expermments 
with the 25 GeV synchrotron, there is a strong 
theoretical group established at CERN which not 
only eogtributes to pue theory, but also takes an 
important part m the mitial planning of experiments 
and m the interpretation of the experimental results 
Among the problems studied by this group are 
thgse of parity conservation m strong and weak 
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interactions, particularly how it 1s possible to recon- 
cie the violation of parity in strong interactions 
mvolving K-mesons with the quasi conservation in 
nuclear interactions involving z-mesons Another 
problem bemg studied relates to the magnetic 
moment of the »-meson 

Apart from the two accelerators, the experi- 
mental programmes and theoretical work, CERN ıs 
carrying out a basic research programme on new 
methods of accelerating particles, the results of which 
can be used as a basis for future machines and to 
improve the existing machines The Accelerator 
Research Group 1s at present studying mtersecting- 
beam machines that will yield energies in the contre 
of mass system higher than 1s practicable with exist- 
ing machines using targets ın which the bombarded 
nuclei are at rest, very high current machmes using 
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beam stacking techniques, and plasma accelerators 
that can ether be used as high-current machines or 
to provide, by means of very high circulating electron 
beam currents, mtense magnetic guide fields for 
heavier particles Several experimental plasma 
betatrons have been built, and an electron beam 
stacking model is now being planned which will 
provide a flexible experimental tool for mvestigating 
stabihty problems m high-current beams and m 
intersecting-beam machmes 

The total staff of CERN 1s nearly a thousand, 
about two hundred of which are physicists and 
engineers, and in addition to staff appomtments 
CERN offers fellowships to enable physicists from 
all over the world to participate in the work of the 
Laboratory About sixty physicists are currently 
using these fellowships at CERN 


THE BRITISH COMPUTER SOCIETY 
FIRST CONFERENCE 


N view of the widespread interest m computers 
nowadays, particularly in the fields of science and 
engineering, 1t 1s perhaps, a httle surprising that the 
British Computer Society should have held only its 
first conference last June However, as the president, 
Dr M V Wilkes, reminded us, 1t was not the first 
tıme that a conference of those interested ın com- 
puting had been held at Cambridge, the last one bang 
almost exactly 10 years previously, when the subject 
was in its mfancy The rapid growth of interest m 
the subject ıs instanced by the capacity attendance 
of 330 at the conference and by the mereasing 
membership of the British Computer Society, which 
1s now more than 2,000, drawn from a wide variety of 
backgrounds 
These differmg backgrounds accounted for the 
considerable range of topics discussed, running from 
the structure of myoglobm through automatic 
programming and logical design to the problems of 
auditmg accounts kept by computers The work 
currently bemg done by Perutz, Kendrew and others 
on protem structures would scarcely have been pos- 
sible without the use of fast computing machinery, 
and Dr J C Kendrew, in lus mteresting address, 
brought out clearly the umportanoe of the existence of, 
and of further developments 1n, these powerful tools 
He described the work recently done on the structure 
of myoglobm, mainly usmg X-ray diffraction tech- 
niques applied to structures into which a heavy atom 
had been artificially introduced by chemical methods 
Photographs of diffraction patterns from single crystals 
have enabled the broad outhnes of the structure to 
be determined and a model of the polypeptide chain 
to be built up It 1s hoped next. to determine the 
detailed atomic positions within the structure by 
more sophisticated techniques These techniques 
will mvolve processing very large amounts of data, 
some thousands of reflexions bemg obtained from the 
X-ray apparatus 
All these must be included m the refinement 
calculations, which result in the tabulation of electron 
density values over a hundred or more two-dumen- 
sional Fourier sections through the crysfal, each 
section involvmg evaluations at many hundreds of 
pomts The processmg will thus require not only very 
rapid calculation facilities, but also adequate support- 
ing equipment for mput of data and output of results 


Furthermore, myoglobin 1s one of the sumpler protein 
structures, so that future advances m this field will 
undoubtedly require the fastest and largest equip- 
ment available 

Developments m very fast computers were de- 
scribed ın a crowded session by Drs T Kilburn (Man- 
chester), M Lehmann (Israel), and N C Metropolis 
(Chicago) Dr Kilburn described the Muse project, 
which is now m an advanced stage of planning, to 
build a computer at the University of Manchester with 
speeds of operation ın the mullmicrosecond range 
This machine, like most other modern developments, 
will rely primarily on transistors and magnetic cores 
as fundamental elements for storage, arithmetic 
operation, and control The arithmetic unit, a 
prototype of which has been built and ıs now being 
tested, 1s capable of carrying out multiplications and 
additions on numbers m floating point representation 
in less than 2 mucroseconds, and admunistrative 
instructions will be carried out in less than 1/5 psec 
The main storage 18 to be on magnetic cores, with an 
access time of 2 psec However, overlappmg of 
operations 1n some paris of the machine will reduce 
the effective access to 4 usec In addition, a special 
store is also provided from which words can be read 
in about 1/7 usec , but1nto which writing 1s restricted 
A wide use of time sharing 1s to be made m controllmg 
input, output and bulk storage mechanisms, such as 
magnetic tapes Up to 16 magnetic tapes and, m 
addition, up to 16 slower mechanisms can be feedmg 
into or be fed by the computer simultaneously, the 
computer control scanning these units ın sequence at 
a pace sufficiently rapid to allow inspection of each 
one at a suitable interval 

It 1s hoped that this very powerful machine will be 
woikmg ın just over two years tıme, and that copies 
will later be available commercially 

Dr Lehmann deseribed a fast but comparatively 
small computer which is bemg designed for the 
Israeli Ministry of Defence This will include an 8,000- 
word drum and a core store of 128 words, and 1s ex- 
pected to be very cheap to produce, although com- 
parable in speed with many of the large machines of 
to-day, which cost hundreds of thousands of pounds 

Dr Metropolis described the computer bemg devel- 
oped at the University of Chicago under his direction 
This machine ıs to be in the same speed-range as the 
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Muse, but ıs not planned, at piesent, on quite such 
a large scale Nevertheless a core store of more than 
8,000 words with an access time of 2 usec 18 to be 
provided and there ıs provision for at least four 
magnetic tape mechanisms to be attached to the 
machine Two very interesting features are the 
proposed structure of the arithmetic unit and a new 
method of number representation 1t is mtended to 
incorporate The arithmetic unit 18 to be built on the 
same principle as that of the Mamac at Los Alamos, 
using asynchronous circuitry, but will include many 
additional cross-connexions between registers to 
facilitate rapid arithmetical workmg A number 
representation, called ‘significant digit’ representation, 
will be used This 1s a form of floating pomt represen- 
tation which avoids the appearance of many mean- 
ingless digits at the end of approximate numbers, 
while retaming a few guarding digits against rounding 
errors 

An important apphcation of fast machines is to 
problems m supersonic flow-past aerofois and other 
surfaces An interesting contribution to this subject 
was made by Mr D S. Butler of the Armaments 
Research and Development Establishment who 
described some recent work he has earned out on 
this problem 

In order to calculate the lnes of flow around and 
pressures on a solid figure in a supersome airstream 
1t 18 necessary to solve a hyperbolic partial differential 
equation m three variables He discussed various 
methods of domg this and made particular reference 
to the method of characteristics, a powerful technique 
for solving equations of this type He went on to 
describe a particular example of stationary flow 
around a body shaped like a delta-wing aircraft and 
showed how the calculations had been cared out 
in. this case using the computer at Fort Halstead, a 
Ferranti Mk 1* 

Other topics at the conference which excited 
considerable interest concerned the control of pro- 
duction 1n factories and the application of operational 
research techniques to this and allied problems Mr 
E Bryon of Imperial Chemical Industries described an 
application of punched card machinery to factory con- 
trol, and Mr J Harlmg of Urwick, Orr and Partners 
dealt very interestingly with the use of computers 
for operations research An application of one of the 
latter techniques withm the Shell group of companies 
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formed the subject of a later address by Mr C S 
Galer There were also sessions on keeping accounts 
by computer, on auditmg the accounts so kept, 
on the traming and selection, of programmers, on 
automatic programming, and on working experience 
with magnetic tape mechanisms On the mathematical 
side, Dr A S Householder of the Oak Ridge National 
Laboratory, Tennessee, directed attention to some of 
the pitfalls in the techniques commonly used on com- 
puters In particular, he considered the stabihty 
of two methods of mvertmg a matrix, and concluded 
that the method of rotation 1s not more stable than 
the method of elimination, although an argument 
can be adduced to the effect that ıtıs After this paper, 
as after all the formal papers presented, there was a 
lively discussion, m which many of the delegates 
took part 

A wide-rangmg review of the state of the computing 
art was given by two speakers Mr J A Goldsmith of 
Robson, Morrow and Co, and Dr A S$ Douglas of 
the University of Leeds Mr Goldsmith noted that 
delivery of 76 installations of electronic computers 
had so far been made m the United Kingdom and 
that 33 were on order, although recently the tempo 
of orders had slackened Much of the work m the 
commercial field had so far been unambitious and the 
results somewhat disappointing He felt that ıt would 
be 5—10 years before computers played a full part m 
helpmg management to control ther organizations 
Dr Douglas reviewed the work of computers m 
British universities Much work has been done in 
traiming in their use at the postgraduate-level, and 
he felt that this could well be extended to the under- 
graduate-level He discussed the problem confronting 
universities m the mstallation and use of large-scale 
machinery, and suggested that ıt would be desirable 
for three or more of the large fast computers such as 
Muse to be installed m universities, where they 
would act (on a service basis) as focuses for local 
computer users He gave details of serviceability and 
use of typical present-day university mstallations, and 
concluded that a high standard of efficiency can be 
attamed 

All the sessions were very well attended throughout 
It 15 intended m the future to hold annual conferences 
of the Society at various centres m the United 
Kingdom, the next conference bemg planned for 
June or July 1960 A S DovuGras 


THE INTERNATIONAL INSTITUTE OF REFRIGERATION 


HE first International Congress of Refrigeration 
was held m Paris m October 1908 Shortly 
after thus, n January 1909, the International Associa- 
tion of Refrigeration was established, followmg the 
suggestion of Kamerlmgh Onnes, the name bemg 
changed to the International Institute of Refrigera- 
tion just after the First World War The organization 
has therefore just celebrated its jubilee 
The general objective of the Institute ıs the 
development of the science and techniques of re- 
frigeration in the international field It promotes 
scientific research, as well as the teachmg and 
popularization. of refrigeration and its application in 
all fields, particularly in food preservation, health and 
industrial processes The International Institute of 
Refrigeration headquarters are in Paris 


The mam tasks of the Institute are determined 
by the general conference, at present presided over 
by Dr Ezer Griffiths This meets every four years, 
at the same time as an International Congress 
of Refrigeration, also organized by the Institute 
Executive power 1s vested 1n an executive committee 
A technical board, of which Dr. J C Fidler is the 
current president, co-ordinates the scientific and 
technical activity of nme commissions, which be- 
tween them cover all aspects of refrigeration matters 
from fundamental research to applications m agri- 
culture, “transport, ete 

The tenth International Congress of Refrigeration 
was held m Copenhagen durmg August 19-26 and 
was attended by about 1,500 delegates from all 
ovér the world About 300 scientific and technica] 
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RUSSIAN PATENTS 


DERWENT INFORMATION SERVICE has now commenced the publication of a fort- 
nightly journal called Russian Patents Report. 


This 1s similar to the existing Derwent Belgian Patents Report and gives very detailed abstracts of all 
Russian patents in the fields of Chemistry and Chemical Engineering, Metallurgy, Plastics, Textiles, 
Pharmaceuticals, Photography, Petroleum and all related branches of technology 

The abstracts are based upon the full patent specifications and there 1s not more than about six weeks 
delay ın publication 

The subscription rate to the Russian Patents Report 1s £13 (or $38 sea mail, $45 air mail to United 
States) for six months For subscribers to any of our other publications there 1s a concession—the 
reduced subscription rate being £10 (or $28 sea mail, $35 air mail to United States) 


TRANSLATIONS of the full patent specifications are provided at 25/- each ($4 inclusive of air mail 
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APPLICATIONS OF THE 


THEORY OF MATRICES 


by 
F. R. GANTMACHER 
Translated from the Russan by J. L. BRENNER, Stanford Research Institute, Califorma 


In this translation of the advanced material in an important Russian work, the original text 
has been followed very closely except where revision, rearrangement or addition were needed 
to make the material more lucid and practical to the mature, English-speaking mathematician 
Entirely self-contamed the book and its Appendices provide all the material required for a 
thorough understanding of the subject. The Bibhography has been re-worked to include 
Western books in print 
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DERIVATIVES 


(THE CHEMISTRY OF HETEROCYCLIC COMFOUNDS VOLUME XIII) 
by 
E. M. SMOLIN and L. RAPOPORT 
Central Research Division, American Cyanamd Company, Stamford, Connecticut 


In thew Preface to this book the authors say 
*  s-Trazme, the fundamental member of the series of compounds treated in this volume, was 
anknown at the time of completion of the manuscript, and has been characterized only recently. 
Its discussion has been included as part of the Introduction rather than as an Appendix because 
the authors feel that 1t ought to be discussed 1n the most easily accessible location. possible. 
. We have made an effort to consider the s-triazines from the point of view of an organic 
chemist who, entering the field to do research, wants information about the literature An attempt 
has been made to give physical properties, especially melting or boiling point and solubility, but 
without taking the space to do more than mention other readily accessible seldom used data 
Modern electronic concepts of organic chemistry have been called upon where possible 
although mechanistic and kinetic data are largely lacking 1n thus field » 
668 pages illustrated 226[- 


(A full hst of all the titles which have been published in this series together 
with many still in. preparation ıs available from the publishers Subscribers 
to the complete series can obtain all the volumes at a reduced price ) 


88-90 Chancery Lane, London, W.C.2 
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MACMILLAN BOOKS 


Nuclear Reactor Physics 


A Practical Text and Guide for 
Design Analysis of Nuclear Reactors 
RAYMOND L MURRAY 


A logical and straightforward introduction to the methods of analysis of reactor 
design with many numerical examples drawn from practical situations in the 
reactor field The main emphasis :hroughout the text is on the distribution in 
energy and space of neutron flux, the determmation of the critical amount of 
fissionable material, and the transient behaviour and control of the reactor as 
a source of heat Diagrams 30s 


Transistor Electronics 


A W LO, R O ENDRES, 
J ZAWELS, F D. WALDHAUER, 
CHUNG-CHIH CHENG 


This combined work of five authorities 1n the field of electronics provides students 
with a thorough study of both the theory and practice of transistors and transistor 
circuits Numerous diagrams 45s 


Principles of 


Automatic Controls 
FLOYD E NIXON 


Written for the practising engineer, whether aeronautical, electrical, or mechanical, 
this comprehensive book on the field of automatic controls covers all the most 
recent methods used in control system design — It 1s the first book 1n the control 
analysis field which includes transient analysis, utilizations of automatic computers 
and numerical integration, as well as frequency response analysis methods 

With diagrams 30s 


Theoretical Aerodynamics 
Third Edition L M MILNE-THOMSON, CBE 


The third edition contains a fifty-page chapter on sweptback and delta wings, ın 
which the various cases of the linearised problem of the supersonic delta wing are 
elucidated 1n detail by a consistent simple method 40s 
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Absorption 
spectrophotometry 


By G. F. LOTHIAN, M.A., F.INST P. 


This book has been entirely revised and reset 
for its second edition. It is concerned with the 
theory, instrumentation, and application of 
spectrophotometry, which 1s now one of the 
principal methods of industrial analysis and 
process control. Indeed, there are few industries 
that do not employ spectrophotometers 1n some 
form or another in their laboratories. Mr Lothian, 
now a lecturer in physics at Exeter University, 
helped at one stage of his career to design 
several well-known 1nstruments. Price 52s. net 
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ACTON, F S Analysis of Straight-Line Data (Wiley Publication in 
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CROXTON, Frederick E Elementary Statistics with Applications in 
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Pp vii4-376 (New York Dover Publications, Inc , London Constable 
and Co, Ltd, 1959) 195 dollars, lés * 

DE BOUVERE, K L A Method in Proofs of Undefinability, with Applica- 
tions to Functions in the Arithmetic of Natural Numbers 94 in x $1 in 
(24 cm x16 cm) Pp vi4-64 (Amsterdam North-Holland Publishing 
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DODGE, Harold F , and ROMIG, Harry G Sampling Inspection Tables 
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RUTHERFORD, D E Fluid Dynamics (University Mathematical Texts ) 
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fone ge vii12-463. 4,800 lire (Roma Edizioni Cremonese, 1958 
an 


Physics 


ARMITAGE, E Basic Practical Physics Experiments in General Fhysics: 
Heat, Light and Electricity, with Selected Examination Questions 9 in x 
ean, ae xl55cm) Pp 80 (Cambridge At the University Press, 

s 

ARZELIES, Henri La Dynamique Relativiste et ses Applications 
Fascicule2 Problèmes de Mouvement en Dynamique du Point Faiblement 
Accéléré Avec la collaboration de R Mendez (Études Relativistes ) 
10 in x6} in. (25 5 cem x 165 cm) Pp xxxiv--45|. (Paris Gauthier- 
Villars, 1958 ) 6,000 francs * 

BLANC, Daniel Détecteurs de Particules (Compteurs et Scintillateurs) 
Méchanisme et Réalisation. 10in x62in (25 5cm x17 cm) Pp v-+324 
(Paris Masson et Cie , [959 ) 3,900 francs * 

BLIN-STOYLE, R J, TER HAAR, D , MENDELSSOHN, K , TEMPLE, G , 
WAISMANN, F, and WILKINSON, D H Turning Points in Physics a 
Series of Lectures given at Oxford University in Trinity Term [958 (Series 
tn Physics) 72 in x53 in (195 cm x13 cm) Pp v+192 (Amsterdam 
North-Holland Publishing Company , New York  Interscience Publishers, 
Inc , 1959 ) 20s * 

BROOKS, H (edited by) Advances in Semi-Conductor Science Pro- 
ceedings of the Third International Conference on Semi-Conductors held 
at the University of Rochester, USA, August 18-22, 1958 (International 
Series of Monographs on Semiconductors) 10 in x73 in. (25 5 cm x 
la cm ) Pp 1x4553 (London and New York Pergamon Press, 1959 ) 
[00s net * 

BUERGER, Martin J Vector Space and Its Application in ‘Crystal-Struc- 
ture Investigation 9 in x6in (23 cm x15 5 cm) Pp xiv+347 (New 
York John Wiley and Sons, Inc , London Chapman and Hall, Led, 
1959 ) 96s net * 

CHALMERS, Bruce, and KING, R Progress in Metal Physics, Vol 7 
10in x61in (255cm x16 cm) Pp viri4-408. (London and New York 
Pergamon Press, 1958) 110s net * 


COLLOQUES INTERNATIONAUX DU CENTRE NATIONAL DE LA 
RECHERCHE SCIENTIFIQUE, No 84 Acoustique Musicale (Marseille, 
27, 28, 29 Mai 1959) 9 in x7iin (23cm x I8 5 cm) Pp 259 (Paris 
(Editions du Centre National de la Recherche Scientifique, 1959 ) 3,400 
rancs 

ESTERMANN, Immanuel (edited by) Methods of Experimental Physics, 
Vol | Classical Methods 9in x6in (23 cm x15 5 cm) Pp xii4-596 
(New York Academic Press, Inc , London Academic Press, Inc 
(London), Ltd , 1959) 12 80 dollars * 

EULER, Leonhard Lettere a Una Principessa Tedesca A cura di Gran- 
franco Cantelli (Classic: della Scienza, 2 ) 9% in x 6$ in. (25 cm x l6 cm ) 
Pp xxvi4-960 (Torino Paolo Boringhieri, 1958 ) 8,000 lire * 

GALILEI, Galileo Discorsi e Dimostraziont Matematiche Intorno a Due 
Nuove Scienze — (Classici della Scienza, 1 ) 92 in x61 in. (25 cm x 16 cm ) 
Pp xxv+887 (Torino Paolo Boringhieri, 1958) 7,000 lire * 

GUGENBERGER, P (présentés par) Comptes Rendus de Congrés 
International de Physique Nucléaire, Paris, 7-12 Juillet 1958 Interactions 
Nucléaires aus Basses Energies et Structure des Noyarx — IO in x6} in 
(255cm x l6 cm ) Pp xxiv--950 (Paris Dunod, 1959) 9,500 francs * 

HAMILTON, J The Theory of Elementary Particles (International 
Series of Monographs on Physics) 94 in x6} in. (24 cm x16 cm) Pp 
xit+-482 (Oxford Clarendon Press, London Oxford University 
Press, 1959) 75s net * 

HUTCHINSON, Eric Electrons, Elements and Compounds 
6bin (24 cm x16 cm ) Pp xit+552 (Philadelphia and London 
Saunders Company, 1959) 42s * 

JEANS, Sır James An Introduction to the Kinetic Theory of Gases 
8i in x5% ın (21 5 cm x14 cm) Pp vi+3I1 (Cambridge At the 
University Press, 1959 ) 17s 6d net * 

KRONIG, R (edited by) [n collaboration with DE BOER, J , BURGER, 
H C, VAN CITTERT, P H , GORTER, C J, VAN HEEL, A C G, VAN 
DER LEEDEN, P , and SIZOO, G J Textbook of Physics With Biographi- 
cal Notes and Tables by J Korringa 9% ın x6} ın (25 cm x l6 cm) 
Pp xiv4-961 (London and New York Pergamon Press, 1959) 84s net * 

LARSON, DeweyB  TheStructure of the Physical Universe Preliminary 
edition 9i1n x61n (23cm x15 5cm) Pp v--218 (Portland, Oregon 
Dewey B Larson, 755 N E Royal Court, 1959 ) 6 dollars * 

MALIES, H M Applied Microscopy and Photomicrography 82 in x 
53 ın (22cm x15 cm ) Pp 143-++-12 plates (London Fountain Press, 
1959) 22s 6d net * 

MARSHAK, Robert E Meson Physics 8 in x5& in. (20 cm x 14 em) 
Pp vni+378 (New York Dover Publications, Inc. , London Constable 
and Co, Ltd, 1958) [95dollars, lés * 

MERCIER, Andre Analytical and Canonical Formalism ın Physics 
(Series in Physics ) 9in x 61in. (23 cm x l6 cm ) Pp viir4-222. (Amster- 
dam North Holland Publishing Company , New York — Interscience 
Publishers, Inc , 1959 ) 40s * 

MOTT, N F Elements of Wave Mechanics BE in xStin (215 cm x 
14 cm) * Pp ix+156 (Cambridge At the University Press, 1958 ) 
I5s net 

SCOTT, William Taussig The Physics of Electricity and Magnetism 
91n «6in (23 cm x155 cm) Pp xvi+635 (New York John Wiley 
and Sons, Inc , London Chapman and Hall, Ltd , 1959) 70s net * 

SEITZ, Frederick, and TURNBULL, David (edited by) Solid State 
Physics Advances in Research and Applications, Vol 8 9 in x6 in 
(23 em x15 5 cm) Pp xiv+519 (New York | Academic Press, Inc , 
London Academic Press, Inc (London), Ltd , 1959) 13 50 dollars * 

THE STRUCTURE OF METALS a Modern Conception (Lectures 
delivered at the Institution. of Metallurgists Refresher Course, 1958 ) 
83 ın x5hin (22cm xl4em) Pp vi+118 (London Iliffe and Sons, 
Ltd , New York Interscience Publishers, Inc , 1959 Published for the 
Institution of Metallurgists ) 25s net * 

TRILLAT, Jean-Jacques Exploring the Structure of Matter Translated 
by F W Kebt 682in x52 in. (22 cm x15 cm) Pp 2144-24 plates 
(London George Allen and Unwin, Ltd , 1959 ) 30s net * 

VAN DER ZIEL, A Fluctuation Phenomena in Semi-Conductors (Semi- 
Conductor Monographs) 821n x5$:in (22cm x15 cm) Pp viir4-168 
(London Butterworths Scientific Publications, 1959 ) 35s * 

VON HILLEP, Arthur R In collaboration with 22 other authors Mole- 
cular Science and Molecular Engineering (Technology Press Books in 
Science and Engineering ) [din x82in (28 5cm x22cm) Pp xv-4-446 
(Cambridge, Mass Technology Press of the Massachusetts Institute of 
Technology , New York John Wiley and Sons, Inc , London Chapman 
and Hall, Ltd , 1959) 148s net * 

WANNIER, Gregory, H Elements of Solid State Theory 8i in x 
521n (22cm xl5 cm) Pp vii+270 (Cambridge At the University 
Press, 1959 ) 35s net * 

WEBSTER, Arthur Gordon The Dynamics of Particles and of Rigid, 
Elastic, and Fluid Bodies Being Lectures on Mathematical Physics Second 
edition 8 in x52 ın (20 cm x13 cm) Pp xi+588 (New York 
Dover Publications, Inc , London Constable and Co, Ltd, 1959) 
235 dollars, 19s * 

WIGNER, Eugene 


94 in x 
WB 


Group Theory and its Application to the Quantum 
Mechanics of Atomic Spectra Translated from the German by J J Griffin 
Expanded and improved edition (Pure and Applied Physics a Series of 
Monographs and Textbooks, Vol 5) 9 in x6 In (23 cm x15 5 cm) 


Pp xi--372 (New York Academic Press, Inc , London Academic 
Press, Inc (London), Ltd , 1959) 8 80 dollars * 
Engineering 

1959 HEAT TRANSFER AND FLUID MECHANICS INSTITUTE— 


Preprints of Papers, held at the University of California, Los Angeles, Cali- 
fornia, June 11, 12, 13, 1959. IO in x6zin (255cm x 17cm) Pp x-+243 
(Stanford, Calif Stanford University Press , London Oxford University 
Press, 1959 ) 60s net * 


vi Supplement to N ATUR E of September 26, 1959 


CATTERMOLE, K W Transistor Circuits 82 tn x52 in. (22 cm x 
I5cm) Pp xi+442 (London Heywood and Co , Ltd , 1989 ) 70s net * 

CHAPPEL, G A Radio Stations Installation Design and Practice 
83 ın x57 ın (22cm x15 cm) Pp. visi-+248 (London and New York 
Pergamon Press, 1959) 50s net * 

GOLDSTEIN, Herbert Fundamental Aspects of Reactor Shielding 
9in x6tn (23 cm x I5 5 cm) Pp xvi--416 (London and New York 
Pergamon Press, 1959 ) 66s 6d net * 

HAYTHORNTHWAITE, R M (edited by) Proceedings of the Third 
US National Congress of Applied Mechanics, held at Brown University, 
Providence, Rhode Island, June 11-14, 1958 — 113 in x9 in. (285 cm x 
23cm) Pp xxvi+864 (New York American Society of Mechanical 
Engineers London Pergamon Press, 1958 ) 20 dollars * 

JACOBOWITZ, Henry Fundamentals of Nuclear Energy and Power 
Reactors 91n x6in (23cm x155cm) Pp 118 (New York John F 
Rider Publisher, Inc , London Chapman and Hall, Ltd, 1959) 295 
dollars , 24s * 

MATHESON, J A L  Hyperstatic Structures an Introduction to the 
Theory of Statically Indeterminate Structures, Vol I With chapters by 
Dr N W Murray and Dr R K Livesley. [Otn x6zin (25 5cm x l6cm) 
Ep UETA London Butterworths Scienzific Publications, 1959 ) 

s 


NUCLEAR ELECTRONICS Proceedings of the International Symposium 
on Nuclear Electronics organized by the French Society of Radioelectricians 
(Sessions 1-5) 95 in x62 ın (24 cm x16 cm) Pp xii-452. (Wien 
International Atomic Energy Agency, 1959 ) 85schillings , 24s , 4 dollars * 

PARR, G ‚and DAVIE, O H The Cathode-Ray Tube and Its Applications 
Third edition, completely revised and enlarged 82 in x 52 in. (22 cm x 
15 em) Pp xi-+433 (London Chapman and Hall, Led, 1959) 50s 


net 

PROCEEDINGS OF THE SECOND UNITED ,NATIONS INTER- 
NATIONAL CONFERENCE ON THE PEACEFUL USES OF ATOMIC 
ENERGY held in Geneva | September—13 September 1958 Vol 8 Nuclear 
Power Plants, Part I 11 in x82 in (28 cm x22 cm) Pp_viii-+584 
(Geneva | United Nations, London HM Stationery Office, 1958 ) 
60 Swiss Francs, 100s , 14 dollars * 

SLOT, G From Microphone to Ear Modern Sound-Recording and 
Reproduction Technique Second, revised and enlarged edition 82 in x 
52 in (2! cm x15 cm) Pp tx+258 (Eindhoven — Philips! Technical 
Library , London — Cleaver-Hume Press, Ltd , 1959) 21s * 

TAYLOR, E Openshaw Nuclear Power Plant 82 in x52 tin (22cm x 
15cm) Pp vu+184 (London George Newnes, Ltd , 1959) 30s net * 

TODD, David Keith Ground Water Hydrology 9in x6in (23cm x 
I5 5cm) Pp xti+336 (New York John Wiley and Sons, Inc , London 
Chapman and Hall, Ltd , 1959) 86s net * 

VALLENTINE, H R Applied Hydrodynamics 82 in x52 in. (22 cm x 
19:5) de Pp viit+272 (London Butterworths Scientific Publications, 

9 s 


Chemistry : Chemical Industry 


ALBERT, Adrian Heterocyclic Chemistry an Introduction 82 in x 
52 ın (22 cm x15 cm) Pp vin+424 (London The Athlone Press, 
Galery of London, 1959, Distributed by Constable and Co, Ltd ) 

s net 

ALLEN, P W (edited by) Techniques of Polymer Characterization 
83 in x52 ın (22 cm x15 cm) Pp xiv+256 (London Butterworths 
Scientific Publications , New York Academic Press, Inc, 1959) 50s , 
9 50 dollars * 

BENESCH, Reinhold, BENESCH, Ruth E, BOYER, Paul D , KLOTZ, 
| M, MIDDLEBROOK, W R, SZENT-GYORGYI, Andrew G, and 
SCHWARZ, David R (organized and edited by) Sulfur in Proteins 
Proceedings of a Symposium held at Falmouth, Massachusetts, May 1958 
9 in x6in (23 cm x155 cm) Pp xi+469 (New York Academic 
Press, Inc , London Academic Press, Inc (London), Ltd, 1959) 
14 dollars * 

BOCKRIS J O'M (edited by) Modern Aspects of Electrochemistry, 
No 2 (Modern Aspects Series of Chemistry } 82 in x 52 ın (Q2 cm x 
I5 cem) Pp ix4-416 (London Butterworths Scientific Publications , 
New York Academic Press, Inc , 1959 ) 75s * 

DE LA MARE, P B D,and RIDD, J H Aromatic Substitution Nitra- 
tion and Halogenation lO in x62 1n. (255 cm xl65cm) Pp vii+252 
(London Butterworths Scientific Publications ; New York Academic 
Press, Inc , [959 ) 50s * 

FIESER, Louis F , and FIESER, Mary Basic Organic Chemistry 931 in x 
7din (235 cm x18 5 cm ) Pp vii- 369. (Boston, Mass D C Heath and 
Company , London George G Harrap and Co , Ltd , 1959 ) 42s 6d net * 

GOLDING, B Polymers and Resins Their Chemistry and Chemical 
Engineering 9 1n x61n (23 cm x 155 em) Pp viti-+744 (Princeton, 
NJ D Van Nostrand Company, Inc , London D Van Nostrand Com- 
pany, Ltd , 1959 ) I5 dollars , 112s 6d * 

GORDON, Louts, SALUTSKY, Murrell L, ard WILLARD, Hobart H 
Precipitation from Homogeneous Solution 9in x6in (23 cm x 155cm ) 


Pp viii+187 (New York John Wiley and Sons, Inc , London Chapman 
and Hall, Ltd , 1959 ) 60s net * 
HAIS,| M, und MACEK, K (herausgegeben von) Handbuch der Papier- 


chromatographie Band | Grundlagen und Technik z in x7 in 
(Q5 cm x IB cm) Pp xxiv--860 (Jena Gustav Fischer Verlag, 1958 ) 
5840DM* 

HAMER, Walter J (edited by) The Structure of Electrolytic Solutions 
(Electrochemical Society Series) 9 in x6 in. (23 cm x155 cm) Pp 


xu+44l (New York John Wiley and Sons, Inc. , London Chapman 
and Hall, Ltd , 1959) 148s net * 
INGOLD, C K Substitution at Elements other than Carbon (The 


Fifth Weizmann Memorial Lecture Series, May 1958.) 82in x53in (22cm 
X15 em) Pp viu--52 (Jerusalem The Weizmann Science Press of 
Israel 1959) np * 

JACOBSON C A (compiled by). HAMPEL, Clifford A (edited by) 
Encyclopedia of Chem'ca] Reactions Vol 8 Tungsten, Uranium, Vana- 
dium, Ytterbium, Yttrium, Zine, Zirconium, and Addenda 9 in x6 in 
(23 em x 155 cm) Pp vit+533 (New York* Reinhold Publishing 
Corporation , London Chapman and Hall, Led , 1959) 112s net * 

KELLEY, M T (edited by) Analytical Chemistry, Vol 1 (Progress in 
Nuclear Energy, Series 9) 9in x6in (23cm xl5 5cm) Pp vi2-3724- 
xu (London and New York Pergamon Press, 1959) 105s net * 


LITTLEJOHN, Charles E , and MEENAGHAN, George F An Introduc- 
tion to Chemical Engineering (Reinhold Chemical Engineering Series ) 
9 1n x61in (23 cm x155 em) Pp xui4-271. (New York Reinhold 
Publishing Corporation, London Chapman and Hall, Ltd, 1959) 63s 
net 

MEALS, R N , and LEWIS, F M  Siltcones 
tions Series) 75 in x 51 in. (I9 cm x 13 em ) 
Reinhold Publishing Corporation , London 
1959 ) 48s net 

MEYER, Lillian Hoagland Introductory Chemistry Second edition 
B8hin x521:1n (21 5 cm x I5cm) Pp viii--528. (New York and London 
The Macmillan Company, 1959 ) 42s * 

PATTISON, E Scott (edited by) Industrial Fatty Acids and Their Appli- 
cations 9 in x6 ın (23 cm x15 5 cm) Pp vwi+230 (New York 
Reinhold Publishing Corporation, London Chapman and Hall, Ltd, 
1959) 56s net * 

POPLE, J A, SCHNEIDER, W. G , and BERNSTEIN, H J  High-resolu- 
tion Nuclear Magnetic Resonance (McGraw-Hill Series tn Advanced 
Chemistry ) 9 in x6in (23 em x155 cm) Pp xiu-+501 (London 
McGraw-Hill Publishing Company, Ltd , 1959) 104s 6d * 

POTASSIUM SYMPOSIUM 1957 Sixteen Papers read at the Fourth 
Congress of the International Potash Institute, Vienna 1957 9 in x 6h in 
(23 cm x16 cm) Pp 420+4 plates (Berne International Potash 
Institute, 1959) np * 

ROBINSON, R A, and STOKES, R H Electrolyte Solutions The 
Measurement and Interpretation of Conductance, Chemical Potential and 
Diffusion in Solutions of Simple Electrolytes Second edition 82 in x 
52in (22cm x15 cm) Pp xv+559 (London Butterworths Scientific 
Publications , New York Academic Press, Inc , 1959) 63s * 

ROWLINSON, J S Liquids and Liquid Mixtures (Modern Aspects 
Series of Chemistry) 8? in x52 ın (22 cm x15 cm) Pp ix4-360 
(London: Butterworths Scientific Publications , New York Academic 
Press, Inc , 1959) 75s , 12 80 dollars 

SALMON, J E, and HALE, D K lon Exchange . a Laboratory Manual 
82in x52i1n (22cm xl15em) Pp wi+l36 (London Butterworths 
SCHADE Publicacions New York Academic Press, Inc, 1959) 25s , 

ollars 

THE METHOD OF ISOTOPIC TRACERS APPLIED TO THE STUDY OF 
ACTIVEION TRANSPORT (La Méthode des Indicateurs Nucléaires dans 
l'Etude des Transports Actifs d'lons ler Colloque de Biologie de Saclay, 
3 et 4Juillet, [958 ) 82in x53in (22cm x 14cm ) Pp ix-+196. (London 
and New York Pergamon Press, [959 ) 60s net * 

THORNTON, E , and THOMPSON, H. W (edited by) Proceedings of 
the Institute of Petroleum Hydrocarbon Research Group Conference on 
Molecular Spectroscopy, held in London, 27-28 February 1958 83 in x 5i 
in. (22cm x15 cm) Pp vii4-352. (London and New York Pergamon 
Press, 1959 ) 70s net * 

WATERS, W A (edited by) Vistas in Free-Radical Chemistry (Inter- 
national Series of Monographs on Organic Chemistry, Vol I Supplement 
No 3 to Tetrahedron) 10 in x7 in. (25 5 cm x18 cm) Pp :x4-251l 
(London and New York Pergamon Press, 1959 ) 75s net * 

WILSON, Cecil L , and WILSON, David W (edited by) Comprehensive 
Analytical Chemistry Vol {A Classical Analysis 9in x61 in. (23cm x 
l6 cm) Pp. xix+577 (Amsterdam Elsevier Publishing Company , 
London D. Van Nostrand Company, Inc , 1959) 105s * 


(Reinhold Plastics Applica- 
Pp x1+267 (New York 
Chapman and Hall, Ltd , 


Technology 


ALPERIN, Morton, and GREGORY, Hollingsworth F (edited by) 
Vistas in Astronautics, Vol 2 Second Annual Astronautics Symposium 
sponsored by Air Force Office of Scientific Research and Institute of Aero- 
nautical Sciences (International Series of Monographs on Aeronautical 
Sciences and Space Flight, Division 7 Astronautics, Vol. 2 ) 10:n x71 in 
(25 5cm x19 cm) Pp x--318 (London and New York Pergamon Press, 
1959 ) 105s net * 

CORROSION AND DEPOSITS IN COAL AND OIL-FIRED BOILERS 
AND GAS TURBINES Report of ASME Research Committee on Corro- 
sion and Deposits from Combustion Gases By Batelle Memorial institute 
I1 in x81 in. (28 cm x21 5 cm) Pp vin+198 (London Pergamon 
Fress a New York American Society of Mechanical Engineers, 1959 ) 

ls net 

DENSHAM, D H The Construction of Research Films (AGARDograph 
No 33) IQin x6hin (255 cm xI6 cm) Pp vri--104. (London and 
New York Pergamon Press, 1959 Published for and on behalf of Advisory 
Group for Aeronautical Research and Development, North Atlantic Treaty 
Organization ) 30s net * 

HARRINGTON, Charles D ,and RUEHLE, ArchieE (edited by) Uranium 
Production Technology 9 in.x6 in. (23 cm x I5 5 cm) Pp x11+579 
(Princeton, N J D Van Nostrand Company, Inc, London D Van 
Nostrand Company, Ltd , 1959) I3Is 6d * 

MATHESON, Wilfrid G (edited by) Transactions of the Fifth 
National Sympostum on Vacuum Technology, San Francisco, California, 
October 22, 23, 24, 1958 (American Vacuum Society, Inc) Ildin x 83 in 


Q85 cm x21 5 cm ) Pp xtt-+282 (London and New York Pergamon 
Press), 1959) 100s net 
PROCEEDINGS OF THE SECOND UNITED NATIONS INTER- 


NATIONAL CONFERENCE ON THE PEACEFUL USES OF ATOMIC 
ENERGY held in Geneva, 1 September-13 September 1958 Vol 3 
Processing of Raw Materials [I in x821n (28 cm x22cm) Pp 1x+607 
(Geneva United Nations, London HM Stationery Office, [958 ) 
64 Swiss francs , 106s , 15 dollars * 

WALLS, H J How Photography Works 82 in x53 in. (22 cm x15 
cm) Pp 352 (Londonand New York Focal Press, Ltd , 1939 ) 42s net * 


Astronomy 


CYR, Donald L Mars Revisited 74 in x5 ın (JA*cm x 12 5 cm) 
Pp [31 (Pheladelphia  Dorranec and Company, Inc ,4959 ) 3 dollars * 

ELLISON, M A TheSunand!tsinfluence an Introduction to the Study 
of Solar-Terrestrial Relations Second edition (revised) — 82 in x 52 in 
(22cm xI5cm) Pp xiv--2374-9 plates (London Routledge and Kegan 
Paul, Ltd , 1959) 25s net * 

KOPAL, Zdenek Close Binary Systems (The International Astro- 
physias Series, Vol 5) IO in x6b in. (255 cm x [6cm) Pp xiv4-558 
(London Chapman and Hall, Ltd , 1959) 105s net * 


Supplement to NATURE of September 26, 1959 


MEHLIN, Theodore G Astronomy 9 in x6 in. (23 em x 15 5 em) 
Pp vin4-392. (New York John Wiley and Sons, Inc , London Chap- 
man and Hall, Ltd , 1959) 64s net * 

RACKHAM, Thomas Astronomical Photography at the Telescope 


82in x521n. (22cm x15cm) Pp 2324-1l plates (London Faber and 
Faber, Ltd , 1959) 36s net * 
STRUVE, Otto, LYNDS, Beverly, and PILLANS, Helen Elemencary 


Astronomy  lOiin x71in (26cm x18 5cm) Pp vii--396. (London and 
New York Oxford University Press, 1959) 55s net * 


Meteorology * Geophysics 


AHRENS, L H, PRESS, Frank, RANKAMA, Kalervo, and RUNCORN, 
S K (edited by) Physics and Chemistry of the Earth, Vol 3 (Progress 
Series) 10 in x61 in. (255 cm xl6 cm) Pp vitt-+-464 (London and 
New York Pergamon Press, 1959) !00s net , I5 dollars * 

DENIS-PAPIN, M , VALLOT, J , et FOUILLÉ, A Métrologie Appliquée 
Methodes et Instruments de Mesures Troisième édition, revie et aug- 
mentée (Aide-Mémotre Dunod ) 61n x4 in. (155 cm x10 cm) Pp 
xl4-300--Ixiv (Paris Dunod, 1959) 580 francs * 

GEOPHYSICAL SURVEYS IN MINING, HYDROLOGICAL AND ENGIN- 
EERING PROJECTS, 1958 921n x7 in (25 cm x18cm) Pp vin—270 
(The Hague European Association of Exploration Geophysicists, 1959 ) 
16 50 Dutch florins , 4 50 dollars * 

NININGER, H H Out of the Sky an Introduction to Meteoritics 
81n x 53in. (20cm x 13cm ) Pp x+336+53 plates (New York Dover 
Publications, Inc , 1959) 185 dollars * 


Geology : Mineralogy 


ABELSON, Philip H (edited by) Researches in Geochemistry 9 in x 
6in (23cm x15 5cm) Pp x+51] (New York John Wiley and Sons, 
Inc , London Chapman and Hall, Ltd , 1959) 88s net * 

BURRI, Conrad  Petrochemische Berechnungsmethoden auf Aqutvalen- 
ter Grundlage (Methoden von Paul Nigglt) (Lehrbucher und Mono- 
graphien aus dem Gebiete der Exakcen Wissenschaften — Mineralogisch- 
Geotechnische Reihe, Band 7) 92 in x 62i1n. (25 cm x l7 cm) Pp. 334 
(Basel und Stuttgart — Birkháuser Verlag, 1959 ) 38 Swiss francs, 38 


GILLULY, James, WATERS, A C, and WOODFORD, A O Principles 
of Geology Second edition (Series of Geological Texts ) IO in. x 7$ in 
(255 cm x19 cm) Pp viu4-534. (San Francisco W H Freeman and 
company » London Bailey Bros and Swinfen, Ltd , 1959) 7 50 dcllars , 

s 

KING, Philip B The Evolution of North America 113 in x 83 in 
(28 5 cm x22cm) Pp xvii+190 (Princeton, NJ. Princeton University 
Press, London Oxford University Press, 1959) 60s net * 

KORZHINSKII, D S  Physiochemical Basts of the Analysis of the Para- 
genesis of Minerals Transfated from the Russian 1l in x83 in. (282m x 
2015 cm) Pp 142 (New York Consultants Bureau, Inc , London 
Chapman and Hall, Ltd , 1959) 7 50 dollars, 63s net * 

SHEPARD, Francis P The Earth beneath the Sea 82i1n x52in (22em x 
15 em) PP xu4-275 (Baltimore The Johns Hopkins Press, 1959) 
5 dollars. 


General Biology : Natural History 
Zoology : Botany 


AINSWORTH, G C, and AUSTWICK, P K C Fungal Diseases of 
Animals (Review Series No 6 of the Commonwealth Bureau of Animal 
Health ) 9 in x521n (23cm xlI5 cm ) Pp xi4-148--I2 plates (Farn- 
ham Royal Commonwealth Agricultural Bureaux, 1959) 20s * 

ANNISON, E F,and LEWIS, D Metabolism in the Rumen  (Metnuen's 
Monographs on Biological Subjects) 62 tn x42 in. (I7 cm xil em) 


Pp 184 (London  Methuen and Co, Ltd , New York John Wiley 
and Sons, Inc, 1959) [5s net * 

BECKNER, Morton The Biological Way of Thought 9 in x6 in 
(23 cm x155 em) Pp vi+200 (New York Columbia University 


Press , London Oxford University Press, 1959) 48s net * 

BLAIS, Roger Flore Pratique Troisième edition, revue et comnletee 
7k in x 5b in. (19 cm x14 cm ) Pp iv4-3102. (Paris Presses Universi- 
taires de France, 1959 ) 1,200 francs * 

BONNER, John Tyler The Cellular Slime Molds (Investigations in the 
Biological Sciences, No |) 8%1n x52in (22cm x I5cm) Pp vii—150-4- 
8plates (Princeton, NJ Princeton University Press , Londen Oxford 
University Press, 1959) 32s net * 

BUFFON Storia Naturale Primo Discorso Sulla Mantera di Studiare 
a Storia Naturale Secondo Discorso Storia e Teoria della Terra A 
cura di Marcella Renzont (Classic: della Scienza, 3). 9$ 1n x62 in. (25 cm 
x 16 cm ) Pp xxxi4-58l (Torino Paolo Boringhiert, 1959) 6,000 


ire 

CAMPBELL, Frank L (edited by) Phystology of Insect Development 
(The Developmental Biology Conference Series, 1956, held under the aus- 
pices of the National Academy of Sciences—National Research Council ) 
91n x6in (23 cm x155 cm) Pp xiv+167 (Chicago University of 
Chicago Press , London Cambridge University Press, 1959 ) 30s. net * 

COLLOQUES INTERNATIONAUX DU CENTRE DE LA RECHERCHE 
SCIENTIFIQUE, No 78 La Biologie des Homogreffes (Paris, 8-10 Juillet 
1957) 9 in x 64 in (24 cm x165 cm) Pp 284 (Paris Centre 
National de la Recherche Scientifique, 1959 ) 2,200 francs * 

DAUBENMIRE, R F Plants and Environment a Textbook of Plant 
Autocology Second edition 9in x6in (23cm x15 5em) Pp x14422 
(New York John Wiley and Sons, Inc , London Chapman and Hall, 
Ltd , 1959) 56s net * 

DOWDESWELL, W H Practical Anima! Ecology 8in x5jin (20cm x 
13 cm) Pp 316+16 plates (London Methuen and Co", Ltd, 1959) 
32s 6d net * 

DUCOFF, Howard S , and EHRET, Charles F (edited by)  Mitogenesis 
(The Developmental Biology Conference Series, 1956, held unaer the 
auspices of the National Academy of Sciences—National Research Council ) 
91n x6in. (23cm xl55 cm) Pp xni+il4 (Chicago University of 
Chicago Press , London Cambridge University Press, 1959) 24s *net * 


vu 


FREE, John B , and BUTLER, Colin G ~- Bumblebees With two appendices 
by lan H H Yarrow (The New Naturalist a Survey of British Natural 
History) 84 in x52 ın (215 cm x15 em) Pp xiv+208+25 plates, 
(London Willam Collins, Sons and Co, Ltd , 1959) 25s net * 

GRAY, Sir James How Animals Move (The Royal Institution Christ- 
mas Lectures 1957) (Pelican Book A454) 7 in x44 in. (I8 cm x II 
zm 1; Pp 144 (Harmondsworth, Mddx Penguin Books, Led, 1959 ) 

s 

GURWITSCH, A G, und GURWITSCH, L D Die Mitogenetische 
Strahlung Ihre Physikalisch-Chemischen Grundlagen und ihre Anwendung 
un Biologie und Medizin. 921n x 62in (25cm xI7cm) Pp 308 (Jena 
Gustav Fischer Verlag, 1959) 2765DM* 

HARLEY,J L The Biology of Mycorrhiza (Plant Science Monographs ) 
IO in x6} in. (255 cm x16 cm) Pp xiv-+234+11 plates (Lendon 
Leonard Hill Books), Ltd , 1959) 55s net * 

HEINROTH, Oskar, and HEINROTH, Katharina The Birds English 
edition prepared by Michael Cullen — 8$ in x51 in. (21 cm x13 em) 
Pp 175 (London Faber and Faber, Ltd , 1959) 18s nec * 

HIMMELFARB, Gertrude Darwin and the Darwinian Revolution 
82 in x5$ in (22 cm x15 cm) Pp ix--422 (London Chatto and 
Windus, Ltd , 1959) 42s net * 

HOFFMANN, Adolphe Faune de France, Yol 62  Coleopt&res Cur- 
culiontdes (Troisième Partie) 92 in x6) in (25 cm x165 cm) Pp 
u-t 1202-1840 (642 figures) (Paris Éditions Paul Lechevalier, 1958 ) 


np 

HUTCHINSON, J The Families of Flowering Plants Second edition 
Vol 1 Dicotyledons Pp xi+510 Vol 2 Monocotyledons Pp viti-+ 
511-792 (Oxford Clarendon Press , London Oxford University Press, 
1959 ) 147s net the two volumes * 

HYMAN, Libbie Henrietta The Invertebrates Vol 5 Smaller Coelo- 
mate Groups—Chaetognatha, Hemichordata, Pogonophora, Phoronida, 
Ectoprocta, Brachipoda, Sipunculida, The Coelomate Bilateria (McGraw- 
Hill Publications in the Zoological Sciences ) 9in x 6in. (23cm x15 5cm ) 
Pa, vie (London McGraw-Hill Publishing Company, Ltd , 1959 ) 

s 

JOHNSON, Leander F, CURL, Elroy A, BOND, John H , and FRI- 
BOURG, Henry A Methods for Studying Sot! Microflora-Plant Disease 
Relationships 8}tn xSkin (21 cm x 14cm) Pp m4178 (Minneapolis, 
Minn Burgess Publishing Company , London The Mayflower Publishing 
Co,Ltd, 1959) 26s* 

KAESTNER, Alfred Lehrbuch der Speziellen Zoologie Tei! l Wir- 
bellose 4 Lieferung 10in x71n (255 cm x18 cm) Pp v+659-979 
(Jena Gustav Fischer Verlag, 1959) 13 DM * 

LORD, Thomas H  Determinative Bacteriology 
Second edition. Ilin x85 in. (28 cm x215 cm) 
polis, Minn Burgess Publishing Company , London 
ing Co , Ltd , 1959 ) 28s * 

MENON, K P V, and PANDALAI, K M The Coconut Palm 
graph llàin x9tn (29cm x23cm) Pp xvi+384 (Ernakulam 
Central Coconut Committee, 1957) Rs 38, 85s , 1195 dollars * 

NEEDHAM, Joseph A History of Embryology Second edition revised 
with the assistance of Dr Arthur Hughes 94 in x6$ ın (235 cm x 
[65 cm) Pp 304+18 plates (Cambridge At the University Press 
1959) 52s 6d net * 

PORTER, H K (edited by) Utilization of Nitrogen and Its Compounds 
by Plants Symposia of the Society for Experimental Biology, No 13 
93 in x61 in (25 cm x165 cm) Pp vit+385 (Cambridge At the 
University Press, 1959 Published for the Company of Biologists on behalf 
of the Society for Experimental Biology ) 50s net * 

PORTMANN, Adolf Einfuhrung in die Vergleichende Morphologie der 
Wirbeltiere Zweite, uberarbeitete und erweiterte auflage 93 in x 
6$ ın (25 cm x17 cm) Pp 337 (Basel und Stuttgart Verlag Benno 
Schwabe und Co , 1959) 32 Swiss francs * 

ROE, Anne, and SIMPSON, George Gaylord (edited by) Behavior and 
Evolution | 93 in x62 in. (24 cm x16 cm) Pp viri--557. (New Haven 
gon Yale University Press , London Oxford University Press, 1958 ) 

s net 

ROMER, Alfred S$ The Vertebrate Story Revised and enlarged edition 
of "Man and the Vertebrates” 91 in x62 in. (235 cm x17 cm) Pp 
vi14-437--121 plates (Chicago University of Chicago Press , London 
Cambridge University Press, 1959) 52s 6d * 

RUSSELL, W M S ‚and BURCH, R L The Principles of Humane Experi- 
mental Technique 821n x52in (22cm xI5cem) Pp xiv+238 (London 
Methuen and Co , Ltd , 1959) 30s net * 

SAUNDERS, J T, and MANTON, S M A Manual of Practical 
Vertebrate Morphology Third edition. 9% in x6} ın (24 cm x16 
cm ), Pp viit+272 (London Oxford University Press, 1959) 30s 
net 

SILLANS, Roger Les Savanes de l'Afrique Centrale Essai sur la 
Physionomie, la Structure et le Dynamisme des Formations Végétales 
Ligneuses des Régions Séches de la République Centrafricaine — (Encyclo- 
pédie Biologique, Tome 55) 10} in x8% in. (27 cm x21 5 cm) Pp 
xv4-424--2 planches (Paris Editions Pau! Lechevalier, 1958) 16,000 
Regeneration in Vertebrates 


franes * 
THORNTON, Charles S (edited by) 
(The Developmental Biology Conference Series, 1956, held under the 
auspices of the National Academy of Sciences—National Research Council ) 
9 1n x61n (23 cm xI55 cm) Pp xt+!08 (Chicago University of 
Chicago Press, London Cambridge University Press, 1959) 52s 6d 
net * 

TURRILL, W B The Royal Botanic'Gardens, Kew 

tin x5łın (22cm x15 cm) Pp 256+16 plates (London Herbert 
Jenkins, Ltd , 1959 ) 25s net * 

WATTERSON, Ray L (edited by) Endocrines in Development (The 
Developmental Biology Conference Series, 1956, held under the auspices 
of the National Academy of Sctences—National Research Council ) 91n x 
6 ın (23 cm x 155 cm) Pp xii+!42 (Chicago University. of 
Chicago Press , London Cambridge University Press, 1959) 30s 
net * h 

WEBSTER, George C Nitrogen Metabolism in Plants (Row-Peterson 
Biological Monographs ) 8f in x5$ in. (2l cm x14 cm) Pp vm+t52 
(Evanston, lll — Row, Peterson and Company, 1959 ) 3 50 dollars * 

WITHNER, Carl L (edited by) The Orchids a Scientific Survey 
9 in x61n (23 cm xl55 cm) Pp ıx+648 (New York The Ronald 
Press Company, 1959) 14 dollars * 


Laboratory Manual 
Pp 114-84. (Minnea- 
Mayflower Publish- 


a Mono- 
Indian 


Past and Present 


Vill 


Agriculture Horticulture : Forestry 


GRIST, D H Rice Third edition (Tropical Agriculture Series ) 
8iin x52ın (22cm xI5cm) Pp xxini--4662-72 photographs (London 
Longmans, Green and Co , Ltd , 1959 ) 48s net * 

McKAY, Robert Onion Diseases 92tn x62in (25 cm xl6cm) Pp 
x4-30 (Dublin An Foras Taluntais (The Agricultural institute) 1959 ) 5s * 

PIRONE, P P Tree Maintenance Third edition 93in x6%in (24cm 
xl6 cm) Pp xvi1i4-483. (London and New York Oxford University 
Press, 1959) 70s net * 

SPRAGUE, Howard B (edited by) Grasslands | a Symposium presented 
at the New York Meeting of the American Association for the Advancement 
of Science, December 27-30, [956 (Publication No 53) 9 in x6 in 
(23cm x155cm ) Pp xv4-406 (Washington, DC American Associa- 
tion for the Advancement of Science , London Bailey Bros and Swinfen, 
Ltd, 1959) 82s * 


Biochemistry : Physiology 


BAYLISS, L E Principles of General Physiology Vol ! The Physico- 
chemical Background Fifth edition 94 tn x64 in (24 cm x16 cm) 
Pp xitt+520 (London Longmans, Green and Co, Ltd, 1959) 55s * 

BURNET, Sir Macfarlane and STANLEY, W M (edited by) The 
Viruses Biochemical, Biological, and Biophysical Properties Vol 3 
Animal Viruses 9in x6in (23cm x I55em) Pp xvi+428 (New 
York Academic Press, Inc , London Academic Press, Inc (London), 
Ltd , 1959) 12 dollars * 

BURNET, Str Macfarlane The Clonal Selection Theory of Acquired 
Immunity (The Abraham Flexner Lectures of Vanderbilt University [958 ) 
8iin x5$in (22cm x15em) Pp ix+209 (Cambridge At the Univer- 
sity Press, Nashville, Tennessee Vanderbilt University Press, 1959) 
22s 6d net * 

COLE, H H , and CUPPS, P T (edited by) Reproduction in Domestic 
Animals, Vol |. 9 in x 6 in. (23 cm x155 cm) Pp xv+651 (New 
York Academic Press, Inc , London Academic Press, Inc. (London), 
Ltd , 1959) 14 50 dollars * 

DA CARPI, Jacopo Berengario A Short Introduction to Anatomy 
(Isagocae Breves) Translated with an Introduction and Historical Notes 
by L R Lind, and with Anatomical Notes by Paul G Roofe 92 in x7 in 
Q5 cm x18 cm) Pp xi+227 (Chicago University of Chicago Press 
London Cambridge University Press, 1959) 37s 6d net * 

DINGLE, John H , FENNER, Frank, FRAENKEL-CONRAT, H , LEDER- 
BERG, Joshua, KORNBERG, Arthur, COONS, Albert H , MAZIA, Daniel, 
GOUGH, J, and GIBBON, Jr, John H The Harvey Lectures, Series 53, 
1957-1958 (Delivered under the auspices of the Harvey Society of New 
York) 82 n x53 in (2l cm x14 cm) Pp xiv+254 (New York 
Academic Press, Inc London Academic Press, Inc (London), Ltd, 
1959 ) 750 dollars*, 

FRAZER, J F D The Sexual Cycles of Vertebrates 7% in x5 1n 
(19 cm x125 cm) Pp 168 (London Hutchinson University Library, 
1959) lOs 6d net * 

GENEVOIS, Louis Traité de Chimie Biologique, Tome Second Première 
Partie Substances Minérales—Glucides Pp viti+-329-524+vir 1,400 
francs Deuxième Partie Vitamtnes—Ltpides—Sterides—-Caroténoides— 
Fermentattons—Photosynthése Pp 114-525-880 2,200 francs 74 in x 
5iin (I8 5cm x 13cm ) (Paris Presses Universitaires de France, 1959 )* 

GLICK, David (edited by) Methods of Biochemical Analysis, Vol 7 
9in x6in (23 cm x155 cm) Pp tx+-353 (New York Interscience 
Publishers, Inc , London Interscience Publishers, Ltd , 1959) 72s * 

LAWRENCE, H Sherwood (edited by) Cellular and Humoral Aspects 
ofthe Hypersensitive States a Symposium held at the New York Academy 
of Medicine (Symposia No 9 of the Section on Microbiology, New York 
Academy of Medicine) 9 in x6 ın (23 cm x 155 cm) Pp x11+667 
(London Cassell and Co , Ltd , 1959 ) 130s net * 

MONTAGNA, William Comparative Anatomy 9in x6in (23cm x 
155cm) Pp x+397 (New York John Wiley and Sons, Inc , London 
Chapman and Hall, Ltd , 1959 ) 48s net * 

PATTERSON, Bradford (edited by) Wound Healing and Tissue Repair 
(The Developmental Biology Conference Series, 1956, held under the 
auspices of the National Academy of Sciences—National Research Council ) 
9 in x6 in. (23 cm x 155 cm) Pp xi+83 (Chicago University of 
Chicago Press , London Cambridge University Press, 1959) 2ls net * 

PITT-RIVERS, Rosalind, and TATA, Jamshed R The Thyroid Hormones 
With a chapter on Diseases of the Thyroid by W R Trotter (Inter- 
national Serres of Monographs on Pure and Applied Biology — Division 
Biochemistry, Vol 1) 9 in x6 in. (23 cm x155 cm) Pp xut4-247 
(London and New York Pergamon Press, 1959 ) 50s net * 

ROBERTS, J A Fraser An Introduction to Medical Geneties Second 
edition 92 in x6} in. (25 cm x165 $35 } Pp x+263 (London and 
New York Oxford University Press, 1959) 35s net * 

RUDNICK, Dorothea (edited by) Developmental Cytology Sixteenth 
Symposium of the Society for the Study of Development and Growth 
9:n x6tn (23 cm x15 5 cm) Pp v+215 (New York The Ronald 
Press Company, 1959) 7 dollars * 

SCHREIDER, Eugéne Les Régulations Physiologiques 
Biométrique du Problème de l'Homéostasie 10 
165 cm) Pp 89 (Paris 
Librairie, 1958) np * 

TAYLOR, John A Regional and Applied Anatomy of the Domestic 
Animals Part 2 Thoracic Limb |. 8k in x7 in. (21 5 cm x18 cm) Pp 
vili-+205 (Edinburgh and London — Oliver and Boyd, Ltd , [959 ) 27s 6d * 

WOLSTENHOLME, G E W , and O'CONNOR, Cecilia M (edited by) 
Ciba Foundation Symposium on the Regulation of Cell Metabolism 81in x 
5$ in. (21 cm x14 cm) Pp xn4+387 (London J and A Churchill, 
Ltd, 1959) 52s 6d net * 


Anthropology : Archzology 


BASCON, William R , and HERSKOVITS, Melville J 
Change in African Cultures 91 in x61 in. (24 cm xl6cm) Pp vii4-309 
(Chicago — University of Chicago Press , London Cambridge University 
Press, 1959 ) 52s 6d net * 

GORDON, D H The Pre-Historic Background of Indian Culture 
(Sponsored by Bhulabhar Memorral Institute ) I0 in x71 in. (255 em x 
I85cm) Pp xi4-199--32 plates (Bombay M D Desai, 1958 Distri- 
buted by N M Tripathi (Private), Ltd ) Rs 20 * 


Essai de Révision 
in x6b in (255 cm x 
Office International de Documentation et 
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RENSCH, Bernhard Homo Sapiens Vom Tier zum Halbgott (Kleine 
Vandenhoeck-Reihe 70/72) 8$ in x 5in (21 cm x125 cm) Pp 189 
(Gottingen Vandenhoeck und Ruprecht, 1959) 480DM * 


Philosophy : Psychology 


BUNGE, Marto Causality The Place of the Causal Principle in Modern 
Science 8& in x5% ın (215 em x I4 cm). Pp xx+380 (Cambridge, 
Mass Harvard University Press, London Oxford University Press, 
1959) 60s net * 

BUNGE, Mario Metasctentific Queries 
8łın x52tn (22cm xI5cm) Pp xiv--3I3. (Springfield, Ill Charles 
C Thomas, Oxford Blackwell Sctentific Publications, 1959) 5ls * 

ELIASBERG, Wladimir G__ Psychotherapy and Society Psychotherapy 
for the Many and the Few 821n x5$1n (22cm x15em) Pp xvini-1-223 
(New York Philosophical Society, [959 ) 6 dollars * 

MASOR, Nathan The New Psychiatry 8$ in x 52 in. (215cm x 15cm) 
Pp virr-- 155. (New York Philosophical Library, 1959) 375 dollars * 

NAGEL, Ernest, and NEWMAN, James R Godel's Proof 7k in x5 n 
(I9 cm x125 cm) Pp ix+118 (London Routledge and Kegan Paul, 
Ltd , 1959) 12s 6d net * 

REICHENBACH, Hans The Philosophy of Space and Time Translated 
by Maria Reichenbach and John Freund 8 in x51 in (20 cm x13 em) 
Pp xvi+295 (New York Dover Publications, Inc , London Constable 
and Co , Ltd, 1958) 2 dollars , 16s * 

RUSSELL, Bertrand Wisdom of the West 
Il in x83 in. (28cm x2l 5cm) Pp 320 
(Publishers), Ltd , 1959 ) 63s nec * 

STEBBING, L Susan Philosophy and the Physicists 8 in x5% in 
(20cm x13 cm) Pp xvt+295 (New York Dover Publications, Inc , 
London Constable and Co , Ltd , 1959) | 65 dollars, 13s 6d * 

WHITTAKER, Sir Edmund From Euclid to Eddington a Study of 
Conceptions of the External World 8in x5hin (20cm x13 cm) Pp 


(American Lecture Series ) 


Edited by Paul Foulkes 
(London Macdonald and Co 


1%x+212 (New York Dover Publications, Inc , London Constable and 
Co , Ltd , 1958) [35 dollars, Ils * 
Miscellany 
BERKELEY, Edmund C Symbolic Logic and Intelligent Machines 


9 1n x6 in. (23 cm x155 cm) Pp v+203 (New York Reinhold 
Publishing Corporation , London 


Chapman and Hall, Ltd , 1959) 52s 
net * 


BIOGRAPHICAL MEMOIRS OF THE NATIONAL ACADEMY OF 
SCIENCES OF THE UNITED STATES OF AMERICA, Vol 33 9 in x6in 
Q3 cm «155 cm) Pp vir4-484--16 plates (New York Columbia 
University Press , London Oxford University Press, 1959) 40s 
net 

COHEN, Bernard L Introduction to the New Economics 8$ in x 53$ in 
Q2 cm x14 cm) Pp x-+176 (New York Philosophical Library, 1959 ) 
375 dollars * 

DEMOGRAPHIC YEARBOOK 1958 (Special Topic Marriage and 
Divorce Statistics) lI} in x93 tn (30 cm x235 cm) Pp vwii+54l 
(New York United Nations, London HM Stationery Office, 1959 ) 
Cloth bound, 8 dollars , 57s , 34 Swissfrancs Paper bound, 6 50 dollars , 
46s , 28 Swiss francs * 

DINERSTEIN, H S War and the Soviet Union Nuclear Weapons and 
the Revolution tn Soviet Military and Political Thinking 9$ in. x64 in 
(Q4 cm xl6 cm) Pp vit+268 (London Atlantic Books, Stevens and 
Sons, Led , 1959) 37s 6d * 

HAUSER, Philtp M , and DUNCAN, Otis Dudley (edited by) The Study 
of Population an Inventory and Appraisal 91 in x7in (24 cm x18 cm ) 
Pp xvi--864 (Chicago University of Chicago Press, London Cam- 
bridge University Press, 1959) 112s net * 

MAXWELL, | R, MUMMERY, P W , and SPORN, Philip (edited by) 
The Economics of Nuclear Power, including Administration and. Law 
(Progress in Nuclear Energy, Series 8) 9 in x6 in. (23 cm x 155 cm) 
Pp vi--419--xi1 (London and New York Pergamon Press, 1959) 
105s net * 

McMENEMEY, Willtam H The Life and Times of Sir Charles Hastings, 
Founder of the British Medical Association 9in x6iin (23cm x165em) 
Pp xi--516--32 plates (Edinburgh and London E and S Livingstone, 
Led , 1959) 50s net * 

MELHUISH, George The Paradoxical Universe 82in x53 in (22cm x 
15cm) Pp 160 (Bristol) Rankin Bros, Ltd , 1959) 2ls * 

MILLS, C Wright The Sociological Imagination 8$ in x 52 in. (215 
cm x15 cm) Pp vii-+234 (London and New York Oxford University 
Press, 1959) 36s net * 

MUENCH, Hugo Catalytic Models tn Epidemiology 8% in x52 ın 
(21 5cm xI5em) Pp xi-+110 (Cambridge, Mass Harvard University 
Press , London Oxford University Press, 1959) 36s net * 

NEUGEBAUER, O , and VAN HOESEN, H B Greek Horoscopes 
(Memoirs of the American Philosophical Society, Vol 48) 12 in x94 in 


(305 cm x24 cm) Pp ix+231 (Philadelphia American Philosophical 
Society, 1959 ) 6 dollars * 
PILKINGTON, Roger Robert Boyle Father of Chemistry 82 in x 


5iin (22cm xl5 cm) Pp 179 
Ltd , 1959) [8s net * 

PROCEEDINGS OF THE SECOND UNITED NATIONS INTER- 
NATIONAL CONFERENCE ON THE PEACEFUL USES OF ATOMIC 
ENERGY held in Geneva | September-13 September 1958 Vo! 2l 
Health and Safety—Dosimetry and Standards I] in x82 ın (28 cm x 
22 cm) Pp vinit+249 (Geneva United Nations, London HM 
Stationery Office, 1958 ) 45 Swiss francs , 75s , 10 50 Swiss francs * 

QUIN, P J Foods and Feeding Habits of the Pedi, with special reference 
to Identification, Classification, Preparation and Nutritive Value of the 
Respective Foods IJftin x8X in. (285 cm x21 5 cm) Pp xvii--2784- 
134 „Plates e ohannesburg Witwatersrand University Press, 1959) 
70s 

ROUCEK, Joseph S (edited by) The Challenge of Science Education 
9in x6in (23cm x15 5 cm) Pp xii-491. (New York Philosophical 
Library 1959) 10 dollars * 

RUNES, Dagobert D A Dictionary of Thought From My Writings 
and From My Evenings 9 in x6 in. (23 cm x155 cm) Pp v+I52 
(New York Philosophical Library, 1959 ) 5 dollars * 


(London John Murray (Publishers), 


Supplement to NATURE of September 26, 1959 1x 





Nuclear Explosions 


and Their Effects 


RELEASED OCTOBER 1958 


Price 25s. Post free 


Press opinion 

"A valuable and dispassionate account 
of a supremely important subject, surt- 
able for anybody who wants to inform 
himself "— Nature 


The Publications Division 
Old Secretariat 
Delhi (India) 


WM. DAWSON & SONS LTD 


ANTIQUARIAN SCIENTIFIC 
PERIODICALS & BOOKS 


Complete libraries purchased 


16 PALL MALL - LONDON * S.W 1 


THE MUSEUM BOOK STORE, LTD | 


25 Devonshire St., London, W I 
(Welbeck 1340) 

Buy and sell Scientific Journals and Periodicals and 

Learned Society Publications, m all languages. 

Librarians, and others, should send us their list of 

"wants," or duplicates for sale Binding undertaken 


H.K.LEWIS 


ON PURE AND APPLIED SCIENCE 
including 
CHEMISTRY BIOLOGY PHYSICS 
MATHEMATICS, ENGINEERING AND 
AGRICULTURE, etc ` 


Catalogues on application, please state interests 


H. K. LEWIS & Co. Ltd., 136 Gower Strecz 
Telephone] LONDON, W.C.I [EUSton 4292 







| ESTABLISHED 1844 | 


for all books 



























FORESTRY 
BOOKS 


THE NATIVE PINEWOODS 
OF SCOTLAND 
H M Steven 
A Carhsle 
The native pmewoods of Scotland are impor- 
tant from the aspects of history, ecology and 
forestry They form one of the most important 
living monuments of Scotland, they present 
a unique survival of native vegetation with their 
own distinctive flora and fauna; and they are 
of great importance in current forestry prac- 
tice as a reservoir of distinctive strains of Scots 
pime The history of the native pinewoods 1s 
traced and the ecology of the native pme- 
woods and the surviving forests 1s described 1n 
detail. 


366 pp 20 half-tone plates, 33 line drawings. 
635. 


GENETICS IN SILVICULTURE 
C Syrach Larsen 
The author has stressed the practical side of the 
subject Every aspect of tree-dealing 1s dealt 
with in a lucid and unassuming manner 


232 pp. 70 illustrations in line and half-tone 
305 


SILVICULTURE 
Joseph Kostler 
An authoritative textbook on silviculture 
422 pp 20 half-tone plates 458 


Write for prospectuses of these three books 
and for our forestry books catalogue 


OLIVER & BOYD 


TWEEDDALE COURT, EDINBURGH I 
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open the way to faster filtration 


€T. BRITAIN 
U.$.A. 


in the sub-micron range 





6 


Properties and performance make these papers an outstanding 
addition to the Whatman range, They open up interesting new 
uses for filter papers, not least by the economies they show and 


advantages they possess over sintered glass and other fine porosity 


filter crucibles. High retentions and rapid filtration rates 

are an advantage when filtering very fine precipitates and 
semi-colloidal substances, Freedom from blocking ensures speed 
when separating gels from solutions, as in the filtration 

of viscose or resin syrups. 

Whatman Glass Fibre Papers are used routinely with Buchner 
and Hirsch funnels and with coarse porosity filter crucibles. 
They are highly absorbent, resistant to dilute acids and alkalis 
and may be dried or sterilised at temperatures up to 500°C, 
Please write for further injormation, Trial packs are 

available from your usual Whatman supplier. 


H. REEVE ANGEL & CO LTD 
9 Bridewell Place, London, ECA 
9 Bridewell Place, Clifton, New Jersey 





Sole distributors of 


WHATMAN FILTER PAPER 





Manufacturers W, & R. Balaton Lid. 


* 




















xii Supplement to NATURE of September 26, 1959 


Huggins is a little dissatisfied 





‘I soon became a little dissatisfied with the routine character of ordinary 
astronomical work and in a vague way sought about in my mind for the 
possibility of research upon the heavens in a new direction, or by new methods.’ 
And the direction William Huggins chose led him to chemical analysis of the 
stars with the spectroscope, and eventually to securing in 1875 the first successful 
stellar spectrogram—with optics made by Adam Hilger. So another step was 
taken towards automatic spectrochemical analysis with Hilger polychromators 
—the quick: t, most economical, and most comprehensive method of 
analysis in M. industry. 


HILGER & WATTS LTD + 98 ST PANCRAS WAY * LONDON - NWI GULliver 5636 
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papers were discussed at plenary sessions and at 
meetings of all the commissions held durmg the 
period of the Conference 

The Institute publishes six times a year a Bulletin 
which appears m both English and French, the two 
official languages of the Institute The Bulletin 
contains abstracts of scientific and technical articles 
and mformation about current research in refrigera- 
tion and on other refrigeration activities from all over 
the world The Institute also publishes the works of 
its various commissions 

Full membership of the Institute 1s restricted to 
the governments of member countries, which at 
present number 35, including the United Kmgdom, 
the United States and the USSR ‘The Unrted 
Kingdom interests m the Institute are co-ordinated 
by the Department of Scientific and Industrial 
Research, with the advice of a Standmg Committee 
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representing iesearch, institutional and industrial 
interests in Great Britain 

In 1952, the Institute mtroduced associate member- 
ship, available to qualified firms, institutions or 
individuals active m the science or in the industry 
of refrigeration The annual subscription 18 about 
£13 for firms and institutions and £3 10s for in- 
dividuals Associate members receive the Bulletun 
and the proceedings of the nme international com- 
missions of the Institute, together with the texts 
of reports presented Associate members may par- 
ticipate in the work and the meetings of the com- 
missions m which they are interested, and can also 
use the services of the large library of the Institute 
Apphoeations for associate membership may be made 
to the Director of the International Institute of 
Refrigeration, 177 boulevard Malesherbes, Paris 
(179) 


STERIC ASPECTS OF THE CHEMISTRY AND BIOCHEMISTRY 
OF NATURAL PRODUCTS 


di press interest taken m stereochemical problems 
by chemists and biochemists alike has been 
greatly increased ın recent years, and the Biochemical 
Society recognized this fact by arrangmg a sympo- 
sium on “Steric Aspects of the Chemistry and 
Biochemustry of Natural Products", which was held 
in the Senate House of the University of London on 
June 30 The chamman of the mornmg session, 
Prof A Neuberger (London), diseussed some of the 
main trends of recent work m this field and empha- 
sized the importance of stereochemustry m modern 
enzymology 

Dr W Klyne (London) then discussed ın a com- 
prehensive manner the types of evidence used for 
establishing relate or absolute configurations of 
asymmetric compounds The term ‘absolute con- 
figuration can now be used with confidence, as 
Byvoet and his colleagues working ın Utrecht have 
demonstrated by means of a special X-ray technique 
that the Fischer convention for glyceraldehyde 
happens to be correct Dr Klyne pomted out that 
the most satisfactory method of correlating two 
asymmetric compounds is by a chemical reaction 
which does not involve the asymmeiric centre The 
second type of approach 1s concerned with chemical 
reactions in which one or more of the lmkages of the 
asymmetric atoms are broken The stereochemical 
correlation in this situation must be based on kmetic 
and other evidence and must mvolve certain assump- 
tions about the mechamsms of the substitution 
concerned 

Dr Klyne then went on to discuss the deductions 
which can be made from studies of asymmetric 
synthesis, methods used successfully by Prelog and 
by Cram Another type of approach which was 
developed mainly by Fredga ın Sweden, and which ıs 
probably not sufficiently widely known, 1s based on 
the study of melting points of mixtures of a compound 
of known configuration and a structurally sumar 
compound of unknown configuration Ifethe two 
compounds have opposite configurations they may 
form in the solid phase a quasi-racemic compound, 
and this can be deduced from the melting-pomt curve 

Reference was also made to the mformation 
obtamed from the applications of X-ray analysis, 


especially to compounds with more than one asym- 
metric centre Finally methods were discussed which 
depend on a numerical comparison of the values of 
optical rotations of structurally related compounds 
These calculations and deductions have m the past 
been largely based on measurements at a single 
wave-length and have mdeed yielded much valuable 
information In recent years this tool has been 
made more powerful by extending the measure- 
ments to the whole visible and a large part of the 
ultra-violet range of the spectrum In this develop- 
ment (rotatory dispersion), Djerassi of Detroit has 
taken the leadmg part 

Steric aspects of the biosynthesis of terpenes and 
steroids were considered by Di D Arigoni (Zurich), 
who discussed first the formation of an isopentane 
derivative from acetate The early stages of the 
synthesis consist of a condensation of acetoacetyl-CoA 
with acetyl-CoA to give the CoA derivative of 
B-hydroxy-B-methylgluterie acid The latter is then 
reduced, probably through the aldehydo acid, to 
p, 8-dihydroxy-Q-methylvalerie acid or mevalonic acid 
The absolute configuration of this compound has 
been unambiguously related recently by Eberle and 
Arigoni to that of quinic acid, which in turn had been 
established by Dangschat and Fischer m 1950 by 
relatmg it to glyceraldehyde Dr Arigoni then 
referred to the stereochemical problems mvolved in 
the conversion of leucine to f-hydroxy-8-methyl. 
glutaconie acid, which occurs through the CoA esters 
of B-methylerotonie acid and Q-methylglutaconie acid 
The hydration. of the double bond and the carboxyla- 
tion of methylerotome acid must be stereospecific 
and this is also hkely to apply to the reduction of 
mevaldic acid to mevalome acid The next steps ın 
the reaction sequence are the simultaneous decarb- 
oxylation and elmunstion of the tertiary hydroxyl 
group from the pyrophosphate of mevalonic acid to 
give isopentenyl pyrophosphate and the isomerization 
of the latter to give dimethylallyl pyrophosphate , 
1t can be postulated that the isomerization 18 stereo- 
specific and Dr Angom thought ıt probable 
that only one of the two hydrogen atoms of ıso- 
pentenyl pyrophosphate 1s involved in the isomer- 
ization 
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The allyl compound 18 assumed to react with the 
180pentenyl pyrophosphate, resulting m the formation 
of a new C—C bond This reaction must agam have 
stereospecificity, sınce the new double bond produced 
usually has a trans configuration, but Dr Arigoni 
stressed the fact that the detailed mechanism of the 
formation of this condensation i8 not yet securely 
estabhshed and he suggested that experiments 
mvolving labellmg with deuterrum and determmmg 
the axial or equatorial position of the deutermm m 
a suitable cyclization product are likely to give 
further information. 

Dr Argom pointed out that steric factors had to 
be taken into account in any attempts which were 
made to explam the actual cyclization and the 
rearrangements which either follow the cyclization 
proper or are coupled with ıt Otherwise, ıt would 
be difficult to explam the formawon of diastereo- 
isomers from one single aliphatic precursor, squalene 
If a carbonium 10n 18 involved ın cyclization reactions, 
ib can only have a structure which preserves the 
original configuration, a ‘bridged ion' fulfils this 
requirement and addition of this relatively stable 
species to a base or nucleophilic substance (‘anti- 
planar addition’) will produce only one isomer The 
postulate of antiplanar addition imposes restrictions 
on the type of folding and ıb appears that only the 
chair-type and boat-type of foldmg explam, for 
example, the formation of both lanosterol and tiru- 
callol from all-trans squalene Experimental evidence 
for the theory 1s provided by the work of Bloch and 
by that of Cornforth and Popj4k Further interesting 
examples from the work of Dr Arigom: himself and 
fiom that of Prof Birch were given, showmg the 
application of stereochemical rules to the biogenesis 
of terpenes, but a note of caution was sounded 
agamst the assumption that the configuration of the 
AJB ring junction is always the same 

Steric aspects of drug action were discussed by 
Dr R B Barlow (Edmburgh), who began his talk 
by emphasizing the distinction first made by Stephen- 
son between affinity or adsorbabihty of a drug to a 
receptor site, and efficacy, that 1s, the ability of the 
adsorbed drug to start a sequence of reactions which 
can be observed ın a pharmacological experiment 
While it 1s possible to make definite statements about 
the steric arrangement of drugs, 1deas on the stereo- 
chemistry of receptors are generally based on some- 
what uncertam deductions made from structures of 
actrve compounds and those of them antagonists 

Dr Barlow ulustrated his talk with examples from 
the field of drugs resembling acetylcholine either m 
its musearime-hke or nicotine-hke function or of 
compounds antagonizing such action For nicotme- 
hike activity the molecule should contain a cationic 
head such as a dimethylammo or trimethylamimo 
group and a partial positive charge at a distance 
simular to that which separates the ether oxygen of 
acetylcholine from the charged nitrogen atom In 
nicotine itself the two optical isomers have identical 
pharmacological activities The constitution and 
stereochemistry of muscarme have recently been 
worked out and ıt 1s found that it has three centres 
of asymmetry Dr Barlow then discussed the 
activities of the various stereo-1somers of musearine 
and of various synthetic substrates resembling this 
substance pharmacologically, such as acetyl-6-methyl- 
choline In this ease the (+)-1somer ıs reported to 
be about 200 tunes as active as the (—)-1somer 
Dr Barlow then mentioned the importance of steric 
faetors in flexible molecules and he pomted out that 
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m these cases ıt ıs more difficult to arrive at quan- 
titatrve conclusions In particular, the work of 
Schueler was discussed in detail and some recent 
criticisms of his calculations were mentioned Dr 
Barlow then dealt m some detail with di-quaternary 
bases, such as various esters of aliphatic dicarboxylic 
esters containing two quaternary basic groups, such 
as suxamethonium The many examples which were 
considered illustrated the difficulties which still exist 
if one attempts to correlate the stereochemistry 
of the compounds under consideration with ther 
biological activity 

The last paper of the morning session was given 
by Dr G A J Pitt (Liverpool) on behalf of Prof 
R A Morton and himself, and dealt with czs-trans 
isomers of retinene in visual processes Dr Pitt 
briefly discussed the chemistry of retinene (vitamm A 
aldehyde) and that of vitamin A, and in particular 
referred to the early work of Pauling which predicted 
the existence of the followmg four isomers all- 
trans, 9-monocis, 13-monoces, and 9 13-dicis 
These four isomers of retmene and vitamm A have 
been synthesized, but 1t has been possible to prepare 
two other retmenes and vitamims A contamung a 
cis-hnkage in the ‘hindered’ 1]-position No 7-ew 
vitamin A has yet been prepared and ıb seems almost 
certam that 7-czs isomers cannot exist, as m such a 
molecule there would be considerable steric inter- 
ference Dr Pitt then referred briefly to the occur- 
rence of czs-isomers in Nature, and mentioned that 
the thermodynamucally most stable isomer and the 
one found most commonly m Nature 1s the all-trans 
isomer He then reviewed the isomerization of 
the various retmene isomers and them absorption 
spectra The mmportance of the cts-trans isomerization 
was appreciated when Hubbard and Wald found that 
the retinene which united with opsin was the ll-cws 
form The 9-crs form also reacted with opsin but the 
resulting complex has not been found m Nature 
The main effect of the introduction of a czs-bond at 
the 11-posrtion 1s that ıt produces a bend of the side- 
chain whereas m the all-trans isomer the side-chain 1s 
straight When rhodopsm is illuminated ıt breaks 
down to the protem opsm and a retmene, but the 
latter was found, rather surprisingly, to be the all- 
trans isomer This all-trans retmene liberated by the 
bleaching of rhodopsin does not give rhodopsin agam 
when mixed with the opsin m vuro, and strong 
evidence has been obtamed by Hubbard that the 
utilization of the trans-isomer ın a more complex 
system ıs caused by the presence of an enzyme called 
retinene isomerase, which changes the all-trans 
retinene to the 1l-czs isomer Dr Pitt discussed this 
enzymic isomerization ın more detail and then went 
on to report on recent work which has been done on 
invertebrate rhodopsms, dealmg m particular with 
indicator yellow He also gave an account of the 
effect of hght on various rhodopsms under a variety 
of conditions, but ıt would be impossible to sum- 
manze adequately the rather comphcated relation- 
ships which have been established, mamly due to the 
work of Hubbard and Wald 

The char was taken for the afternoon session 
by Prof S Peat (Bangor), all three papers were 
devoted to various aspects of stereospecificity ın 
enzyme action Dr E C Webb (Cambridge), who 
dealt with hydrolytic enzymes, treated some general 
matters relevant to all enzymes He emphasized 
that enzymic catalysis 1s at least a two-stage process, 
and that steric factors may be rmportant both m tho 
formation and m the breakdown of the mtermediate 
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enzyme-substrate complex To be of real value any 
comparison, of substrates should mvolve measurement 
of both the Michaelis constant (Kn) and the reaction 
velocity, as measures of the two stages 

Examples considered included ali-esterases and 
lipases, cholinesterases, glycosidases, lactonases, pep- 
tidases, argmase and fumarase For the cholin- 
esterases knowledge has accumulated which permits 
the representation of the catalysis m terms of anionic 
and esteratic sites on the enzyme surface The high 
specificity of glycosidases 1s well known, and this 18 
paralleled in the recently studied group of lactonases 
Proteolytic enzymes may be used, thanks to their 
high stereospecificity, as tools for the resolution of 
synthetic amino-acids Work on the behaviour of 
synthetic substrates as competitive inhibitors of 
«-chymotrypsin emphasizes the mmportance of dıs- 
tinguishing the two stages of enzyme action 

In conclusion, the importance of Ogston's concept 
(1948) of three-point attachment between enzyme and 
substrate was emphasized This idea explains very 
sunply the formation from a symmetrical substrate 
(CX, YZ) of an asymmetric product (CX X1Y Z) Ogston 
has recently discussed this concept further (1958) 

Dr H Gutfreund (Shinfield) in discussion con- 
sidered further the specificity of «-chymotrypsm, im 
the reactions of which three stages can be distinguished 
(E +ABSH-ABSHA+B2H+A+B) 

Prof E C Slater (Amsterdam) dealt with oxida- 
tion-reduction enzymes He began by considering 
dehydrogenases which act on hydroxy acids and more 
complex systems which can (indirectly) transform 
one enantiomer into the other (commonly but wrongly 
called racemases) After a brief discussion of amino- 
acid oxidases the greater part of the paper was 
devoted to stereospecrficity of hydrogen transfer m 
the reactions of pyridme nucleotide dehydrogenases 
These compounds are dinucleotides, one unit of which 
1$ the meotinamide group which can undergo rever- 
sible oxidation and reduction at N and C-4 The 
elegant work of Vennesland’s school m Chicago using 
substrates and enzymes labelled with deuter1um has 
shown that these dehydrogenases fall nto two classes , 
these are distinguished by the fact that they add 
hydrogen at C-4 of the diphosphopyridme nucleotide 
molecule on opposite sides Other related work dealt 
with reactions involving cytochrome c, flavm and 
orotic acid 

An important extension of Vennesland’s work was 
the preparation of stereospecifically labelled and 
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optically active CH, CHDOH Alternative mechan- 
isms of action for a typical dehydrogenase have been 
suggested by Dixon and Webb in them classic text- 
book on “Enzymes”, and by Van Eyk, Kaplan et al 

Fmally, succmic dehydrogenase, which mvolves 
another type of stereospecificity, was introduced 

Dr H R Levy (Chicago) emphasized in discussion 
that the stereospecrficity ın the reactions of pyridine 
nucleotides 1s another example of the ability of 
enzymes to distinguish between two identical groups, 
and gave further examples Dr W Klyne dnected 
attention to the important work of Prelog on micro- 
biological oxidations and reductions of sunple 
decalones and related compounds The pictorial troat- 
ment of these reactions may constitute a valuable ex- 
tension of Ogston’s concept of three-pomt attach- 
ment 

Dr G R Barker (Manchester) dealt with enzymes 
of nucleotide metabohsm He began by outhnng 
current views on the biosynthesis of p-ribose and 
2-deoxy-D-ribose , the ımportant routes leading to 
ribose involve the 5-phosphates of p-xylulose and 
D-ribulose The formation and fission of glycosidic 
bonds m nucleosides was next considered, these 
reactions are generally phosphorolyses and not 
hydrolyses The stereochemistry of analogous chemu- 
cal syntheses of nucleosides has been studied with 
respect to relative configurations at C-1 and C-2, 
and ıt ıs necessary to consider how far the stereo- 
specificity of the enzymic reaction 1s attributable to 
the enzyme, and how far ıt 18 mherent in the nature 
of the reaction catalysed The answer at present 1s 
that both factors are involved 

The formation and fission of mternucleotide links 
m polynucleotides were then discussed Pancreatic 
ribonuclease degrades ribopolynucleotides via nucleo- 
side 2’,3’-(cyche)-phosphates to 3’-phosphates, and 
the steric factors mvolved in this and the reverse 
reaction were considered Fmally, the polynucleotide 
phosphorylases were considered, many reactions 
require a polynucleotide ‘prime’, the composition of 
which determines that of the polymer formed, this 
is & direct demonstration that the primer acts as a 
template 

All three papers emphasized in different ways the 
essentially complementary nature of enzyme and 
substrate and the two (or more) stage character of 
the enzyme-substrate reaction 

A NEUBERGER 
W Ktyne 


OIL IN NAVIGABLE WATERS 


| ie 18 now seven years since a group of representatives 
of the interests m Great Bitam which are most 
affected by oi pollution formed themselves into the 
Co-ordinating Advisory Committee on Oil Pollution 
of the Sea, under the chairmanship of Mr James 
Callaghan, MP In 1953 this Committee organized 
an international conference m London which called 
for a meeting of governments of all maritime countries 
to take action to prevent the growing pollution of 
the oceans of the world This request met with 
considerable success, for an inter-governmental 
conference was held m 1954, at which an international 
convention was drawn up This Convention came into 
force m July 1958, and has been ratified by "the 


United Kmgdom, Belgmm, Canada, Denmark, 
Finland, France, the Federal Republic of Germany, 
the Irish Republic, Mexico, the Netherlands, Norway 
&nd Sweden 

The Convention does not prohibit the discharge 
of waste oil entirely, but merely withm certam zones, 
&nd the countries which observe the Convention 
represent only about one-half of the world's tanker 
shipping, notable omissions being the United States, 
USSR, Poland, Italy, Panama and Labora The 
Co-ordinatmg Advisory Committee on Oil Pollution 
of the Sea therefore decided to organze an mter- 
national conference to discuss, among other aspects, 
how far the 1954 Convention had been effective m 


950 


dimmushing the contamunation of coasts and beaches, 
and the destruction of bud life This Conference was 
held m Copenhagen durmg July 3-4 It was presided 
over by Mr James Callaghan, MP, with Dr Bøje 
Benzon (chairman, Danish National Section, Inter- 
national Council for Bird Preservation) and Hr 
Ekspeditionssekreteer Sven Lunddahl (Secretary, 
Danish Council for the Prevention of Oil Pollution 
of the Sea) as vice-chairmen 

The meeting was very well attended, and included a 
wide range of mterests, for among those present were 
representatives of government departments of trans- 
port and commerce, ship owners, port authorities, 
ship repairers, seamen’s umons, sea-fisheries associa- 
tions, local authorities, pleasure resorts, tourist 
organizations, hotel and restaurant associations, and 
conservation, ornithological, and humanitarian or- 
ganizations, of many countries, together with the 
diplomatic representatives of nimeteen nations In 
addition, seven international bodies, the Inter- 
governmental Marıtıme Consultative Organization, 
the Food and Agriculture Oiganization, the Council 
of Europe, the International Union of Biological 
Sciences, the International Council for Bud Proser- 
vation, the International Union for the Conservation 
of Nature and Natural Resources and the World 
Federation for the Protection of Animals were 
represented. 

The Conference was opened by Mr Helge Juul, 
deputizing for the Danish Minister of Commerce, 
and the first section of the proceedings was devoted 
to a review of the situation arismg from the 1954 
intergovernmental Conference In a paper on the 
working of the Oil m Navigable Waters Act, 1955, 
Mr D C Haselgrove, under-secretary, U K Ministry 
of Tiansport and Crvil Aviation, pointed out that the 
provisions of this act go beyond the basic require- 
ments of the 1954 Convention, and quoted as an 
example that the sea zones m which British ships 
registered ın the United Kingdom must not discharge 
oil extend beyond the zones laid down in the Con- 
vention He paid a warm tribute to the ready 
co-operation of British ship owners, dock and harbour 
authorities, and the oll mdustry Capt X C Angus, 
Marie Regulations Branch, Department of Transport, 
Canada, ın a report on the preventive measures taken 
by the Canadian Government, stated that the coasts 
of Newfoundland suffered most from oil pollution, 
and after them the eastern maritime provinces and 
the St Lawrence river, but the whole Atlantic coast 
was subject to heavy and habitual contamination 
He stressed the value of weight of public opinion, and 
directed attention to the fact that m many countries 
only a very small percentage of the population was 
aware of the existence of oil pollution and its serious 
consequences Mr Lester A Giles, jun, American 
Humane Education Society, m association with Mr 
John W Mann, State Department, Washington, DC, 
announced that an inter-departmental Committee 
had unanimously adopted a draft report for submus- 
sion to the Secretary of State, recommending that the 
Umted States accept the 1954 Convention with 
reservations of a technical nature, a statement that 
was received with acclamation 

In a paper dealmg with the working of the Con- 
vention from the pomt of view of British tanker and 
oil companies, 1t was recalled that smce the Second 
World War the use of oil, and consequently the num- 
ber of tankers, had mcreased enormously, and that 
ownership was now spread over a great variety of 
flags, some quite new to shipping, and 16 was urged 
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that universal ratification be strenuously pursued In 
the discussion regarding methods of cleaning cargo 
tanks which followed, Mr A Logan (Shell Tankers, 
Ltd ) uttered a word of warning 1egarding the indis- 
ermunate use of chemicals, and pointed out that the 
use of large amounts of detergent might lead to a 
situation oven more destructive and less manageable 
than that arising from the original oil-sludge 

Disposal of oil waste and facilities m ports were 
dealt with by speakers from Denmark, the Nether- 
lands and the United Kingdom Mr S Glazenburg 
(Netherlands) forecast that the consumption of 
134 million tons of oil by European countries m 1957 
would rise to a consumption of 190 muon tons in 
1963 and 340 million tons ın 1975, with a correspond- 
mg expected 118e in refinery capacity, particularly 
in Western Europe Comparatively more oil pro- 
ducts would be exported from Western Europe, and 
m proportion to this increase m oil movements the 
problem of the disposal of o11 residues would become 
more acute 

Speaking for 43 coastal municipalities ın the Nether- 
lands the Burgomaster of Bergen described the system 
of weekly reports on the condition of the beaches m 
Holland, which are summarized annually in order to 
give a general survey of the amount of oil pollution 
durmg the year He urged that municipalities in other 
counti1es should organize simular surveys and that the 
information should be co-ordimated on an international 
scale. From the pomt of view of tourism 1t was pointed 
out by Mr Eric D Croft, director-secretary of the 
British Hotels and Restaurants’ Association, that 
dollar earnings from tourism exceed the total value of 
exports of cars and Scotch whisky together from the 
United Kingdom to the United States, and he staessed 
the serious loss to the tourist trade presented by 
pollution of beaches 

Reports, on the destruction of birds by waste oil, 
recerved from Canada, the German Federal Republic, 
the Netherlands, Newfoundland, Poland and“ the 
United Kingdom, showed that mn the Netherlands rb was 
estimated that & minimum. of 20,000 and a maximum 
of perhaps 50,000 birds are destroyed annually, and 
that 50 different species have been affected, ım 
Newfoundland all species of sea-birds around the 
coasts are victims, further evidencmg the great toll 
of sea birds which has been continumg for more than 
forty years 

Major Bertil Funck (Sweden) directed attention to 
the recurrmg pollution of the Baltic, especially east 
and south-east of the island of Gotland Under the 
Convention there 1s an area in the Baltic, south-east 
of Gotland, 50 nautical miles from the island and the 
mainland, where discharge of oil 1s permitted He 
epmhasized that the Baltic 1s too small m area for 
oil discharge, and proposed that a resolution be passed 
seeking to obtam the inclusion of the Baltic as a 
prohibited zone for oi discharge He also recom- 
mended that the whole North Sea should similarly 
be declared a prohibited zone 

The representative of the secretary-general of the 
Inter-governmental Maritime Consultative Organiza- 
tion, Kommerseraadet GM E Boos, stated that the 
bureau functions for the International Convention 
for the Prevention of Pollution of the Sea by Ou 
had beem discharged by the United Kmgdom up to 
June 15, 1959, when the Organization took over 
the duties and obligations conferred upon ıt under 
the terms of the Convention Among other respon- 
sibalities the Organization would have the duty of 
convening a further conference to review both the 
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working of the Convention, and the possibility of 
brmgmg about complete cessation of discharge of 
persistent ous mto the sea In resolvmg to take over 
its functions, however, the Organization pointed out 
to the governments concerned that, owing to other 
urgent tasks, 16 would not be possible to convene 
a further conference before 1961 Mr Boos ended 
on @ personal note, stating that though the con. 
vening of a further conference on oil pollution was not 
an obligation made under the Convention, he would 
characterize ıt as a moral undertaking mspired by the 
first resolution of the 1954 Conference The aim of 
that resolution was certamly the same as the object 
of the present conference, namely, the complete 
avoidance of discharge of persistent oils into the sea, 
which, so far as was known, was the only entirely 
effective method of preventing oil pollution 

Two resolutions were adopted by the conference 
The fist urged that the governments of countries 
which had not yet ratified the Convention of 1954 
should do so, that further efforts should be made to 
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impress upon governments and upon ship owners and 
ship’s offices and crews the serious consequences 
arising from the discharge of oily wastes nto the sea , 
that all necessary facilities be provided for the dis- 
posal of oily wastes in mam ports and harbours, 
that technical research into means of avoiding dis- 
charges of oily wastes into the sea be mtensified, 
and the results made widely known through the 
Inter-governmental Maritime Consultative Orgamza- 
tion, that with a view to achieving the aim of total 
avoidance of the discharge of persistent oils mto the 
sea, the governments and the Organization should 
make preparations for holding a further mter-govern- 
mental conference as soon as possible 

The second resolution, though reiterating the only 
effective solution of the problem, proposed m the 
meantime an extension of the prohibited zones foi 
oil discharges in such areas as the Gulf of St Law- 
rence, the Grand Banks of Newfoundland, and the 
eastern seaboard of North America, and also in the 
Baltic and North Seas P BARCLAY-SMITH 


RADIOACTIVATION ANALYSIS 


ING methods of chemical analysis using tech- 
niques derived from nuclear physics were 
discussed at a Symposium on Radioactivation 
Analysis held ın Vienna durmg June 1-3 Sponsored 
by the International Atomic Energy Agency and 
the International Council of Scientific Unions, the 
meeting brought together research workers from 
twenty-one countries for the first mternational 
conference on a subject of rapidly growing importance 
m many branches of science, medicme and mdustry 

An mtroductory survey by G B Cook (Atomic 
Energy Research Estabishment, Harwell) was fol. 
lowed by reviews of the uses of activation analysis 
in geochemistry (W. Herr, Max-Planck Institute 
of Chemistry, Mainz), biochemistry and medicme 
(J M A Lenthan, Western Regional Hospital Board, 
Glasgow) and metallurgy (J Hoste, University of 
Ghent) P Leveque (Centre d'Études Nucléaires, 
Saclay) spoke of applications m industry and G W 
Leddicotte (Oak Fudge National Laboratory) de- 
scribed recent developments in the United States 
Several shorter contributions were also given 

Most analytical methods depend on the behaviour 
of electrons Activation analysis depends on the 
properties of the nucleus, m particular the radio- 
activity induced by bombardment with neutrons or 
other particles Many elements have isotopes which 
decay slowly enough for the assay to be done a day 
or two after irradiation, but work on short-hved 
activities can only be done close to a neutron source 
A reactor 1s the mstrument of choice for activation 
analysis, but more modest facilities are often service- 
able Discharge tubes usmg the deuterrum—tritium 
reaction give neutron fluxes as high as 10? n/em 2/sec 
at moderate cost Useful work has been done with 
the lower fluxes provided by radium-berylhum or 
antimony-berylhum sources , a recent mnovation 18 
the americium—beryllium source, which has the merit 
of freedom from residual y-ray emission 

Since nearly seventy elements become appreciably 
radioactive after a few hours exposure mside a nuclear 
reactor of moderate thermal neutron flux (10!? n/ 
em */see ), the irradiated sample generally contains 


several different activities Fortunately many of 
the common matrix elements (alummium, silicon, 
iron, carbon, nitrogen, oxygen) have relatively 
small cross-sections for thermal neutron capture 
Differences m half-hfe and decay energy between 
trace element and matrix or between different trace 
elements 1n the sample are also advantageous 

The isolation of individual activities for radio- 
active assay may often be achieved by y-ray spectro- 
scopy, but a prelimmary chemical separation 1s 
generally advisable, even when deahng with short- 
lived nuclides When once the experimental material 
has been irradiated, along with a known amount of 
the element under mvestigation (to serve as a stan- 
dard), the isolation may be sımphfied by the addition 
of stable carrier m any desired amount Another 
useful advantage of the activation method is that 
contamrmation of reagents, often a source of trouble 
in the micro-determmation of tiace elements, need 
not be considered at all 

The sensitivity of thermal neutron activation 
analysis for trace estimation 1s remarkable Many 
elements can be estamated at levels of 10-9 to 10-11 
gm using a neutron flux of 104 njem #/sec acting on a 
I-gm sample The detection of trace elements by 
this method has been useful in several mdustrial 
problems, notably the measurement of deliberate or 
forturtous contammation m semi-conductor materials 
Applications m the oil industry are so numerous (and 
so important financially) that many companies have 
acquired neutron sources of them own A typical 
problem, in which conventional methods of analysis 
are not sufficiently sensitive, 1s the control of vana- 
dium, which acts as a catalyst poison in cracking 
operations and as a corrosive agent 1n fuel oils 

The same element 1s important in a different con- 
nexion as a constituent of high-alloy steels Here the 
activation method of analysis ıs valuable for 1ts speed 
and accuracy A 10-second irradiation, at a flux of 
1019 njem ?/sec , 1s sufficient for analytical determina- 
tions using the isotope vanadium-52 (half-life 3 8 
minutes) In prospecting for vanadium, a useful 
technique 1s to lower mto a borehole a neutron 
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generator After a few minutes the generator is 
replaced by a scintillation counter to estimate the 
vanadium -52 activity 

In geochemistry, where the study of natural radio- 
activity has been of prime importance for more than 
half a century, the new possibilities offered by actı- 
vation analysis have been welcomed A powerful 
technique for age determination in rocks and meteor- 
ites depends on measurement of the relative abund- 
ance of parent and daughter nuchdes m a natural 
radioactive decay process Useful improvement m 
sensitivity can be expected where one or both of the 
nuchdes can be subjected to activation analysis 
Potassi1um/argon and rubidium/strontium ratios are 
readily measured ın this way Uranium-238 can be 
estimated down to a limit of 107? gm by the reaction 
2990 (n, vB)239 Np For uranium-235 the limit of sengi- 
tivity so far achieved (at the Argonne National 
Laboratory) 1:8 5x10- gm, using the reaction 
335 [T (m, Jy Ba 

Activation analysis of biological material has 
attracted relatively httle attention, though the 
method has many mteresting potentialities Several 
elements, including vanadium, manganese and cobalt, 
are important to plants or animals but their function 
m human nutrition 1s still obscure, through lack of 
sufficiently sensitive analytical methods The role of 
vanadium in dental caries and of manganese in bone 
formation were two of the subjects suggested for study 
by activation analysis Many problems im dental 
science and m animal biochemustry are also awaiting 
exploration by activation methods 

Arsenic 1s an element of contmumg mterest m 
clmical science, partly because of its mcreasing uses 
and hazards m agriculture and partly because it 1s 
the only component of tobaeco smoke known to be 
earemogenie m man Arsenic-levels in normal tissue 
are too low for accurate estimation m living subjects 
by conventional methods Activation analysis has 
been used m several investigations of arsenic porson- 
mg, whether accidental or homicidal An unusual 
toxicological experiment was the recent study by 
activation analysis of the remains of Erik XIV, a 
sixteenth-century Swedish king who died im 
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mysterious circumstances These tests gave support 
to the theory that he was poisoned by mercury, 
said to have been administered m a dish of pea 
sou 

Although thermal neutrons are the most versatıle 
agents for activation analysis, fast neutrons have 
some distmetive applications The estimation of 
traces of oxygen has been done satisfactorily by 
mixing the experimental sample with lithium fluoride 
and irradiating with fast neutrons to produce the 
reaction *Li(m «)*H. followed by “OH, w)!*F (half- 
life 112 mın ) The limit of sensitivity of this method, 
as practised at Harwell, ıs 5x10-? gm of oxygen 
Protons have been used for the estumation of boron 
m silicon, a test of considerable importance to 
transistor manufacturers. Neutron activation yields 
no suitable isotopes but fast protons induce the reac- 
tion "B(p, n)!C (half-hfe 20 4 mm) The silicon 
provides an internal standard by the reaction 
8°S1(p, n)"P Concentrations of boron as low as 
1 m 10? have been measured in this way Proton 
activation 1s useful also for the estimation of boron 
m germanium  Deuterons provide the best method 
for the estimation of magnesium in iron, by the 
reaction “Mg(d, «)?fNa An imternal standard is 
given by the reaction **Fe(d, «)*4Mn 

Two conclusions emerged from the symposium 
The first ıs that any laboratory usimg conventional 
methods of chemical or spectrographic analysis would 
do well to explore the possible advantages of activa- 
tion methods for some of its work The second is 
that activation analysis, though superficially a 
simple technique, requires considerable skill m 
nuclear physics and in analytical chemistry for the 
full reahzation of 1ts possibilities 

The success of the meeting was enhanced by the 
genial hospitality of the sponsors and by the agree- 
able atmosphere of the magnificent new conference 
suite of the International Atomic Energy Agency in 
the Hofburg The proceedings of the symposium 
will be published shortly in book form A long- 
awaited manual of experimental procedures i8 in an 
advanced state of preparation at Oak Fudge 

J M A LENIHAN 


THE CAPE TOWN SCIENCE EXHIBITION, 1959 


NCOURAGED by the success of the Science 
Exhibition held in Cape Town m March 1958, 
the Cape Council of the South African Association 
for the Advancement of Science, in collaboration 
with the Royal Society of South Africa, organized 
the second Science Exhibition m more spacious sur- 
roundings (10,500 sq ft) durmg the period April 
6-11 After mtroductory addresses by the chairman 
of the Organizmg Committee and vice-president of 
the South African Association for the Advancement 
of Science, Dr Ronald Singer, and by HM Astro- 
nomer at the Cape, Prof R H Stoy, the Exhibition 
was officially opened on the evening of April 6 before 
a distinguished audience of scientists, industrialists 
and educationists by His Excellency the Governor- 
General, Dr E G Jansen 
Dr Jansen stated that the Exhibition must be of 
particular interest to the layman, “because although 
one does not always understand all that science has 


to teach us, one realizes the umportance of science 
and scientific research especially ın the troublous 
times m which we live, and where science has, 
to a large extent, changed the life of civilized 
man and touches our everyday lfe at every 
pom: 29 

Dr Jansen indicated that it 1s a rather startlmg 
thought that, according to some reports, the Soviet 
Union 1s more advanced than any other country, not 
only in certain fields of scientific research but also m. 
the number of men and women receiving education 
and trammg m science and scientific methods ‘The 
question arises as to whether sufficient 1s bemg done 
m that direction in our country If we believe 
that thé future of the country 1s m the hands of the 
youth of to-day, we should surely see to ıt that the 
education of our boys and girls 1s m the hands of 
men and women most fitted for the task, and who 
aré devoted to therr work It follows that they should. 
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be adequately remunerated and enjoy fau conditions 
of employment " 

The organizing committee produced a handsome 
brochure of 48 pages, providing not only a guide to 
the twenty-seven exhibits but also a general descrip- 
tion of the scientific methods behind each exhibit 
In the mtroduction, Dr Singer stated that “the 
Exhibition 1s an attempt to present to the lay-public 
interesting aspects of modern scientific research and 
the application of science to mdustry and commerce 
Some, 1f not most, of the important research projects 
and applications of research to industry in South 
Africa have been carefully assembled for the puklic 
of Cape Town and environs A wider understandmg 
of scientific endeavour and its vast potential will 
inspire lay individuals and give them some insight 
into the multitude of problems besetting almost 
every aspect of our daily lwves—which we generally 
take for granted Ignorance of these matters must 
only provide a false sense of security—an ‘acceptance 
without contemplation’ which can only end in a 
degeneration of our standards of eivihzation" z 

The exhıbıts (fixed at twenty-seven because of 
the limitations of space) were of three types—pure 
science, applied research and modern technical equip- 
ment The South African Council for Scientific and 
Industrial Research presented a display depictmg 
the nature and scope of its nme national research 
laboratories (roughly as outlmed in Nature, 183, 853 , 
1959), a demonstration on the electrodialysis process 
for desalting water, and a poster-demonstration of 
the theme “The Planet Earth", emphasizing the 
international character of the recent International 
Geophysical Year The methods of geophysical 
research were dramatically illustrated The United 
Kingdom Information Office presented an impressive 
display outlmmg Britein's role m the development 
of power from the atom Models of Calder Hall and 
Zeta provided the basis of the exhibit 

The Division of Fisheries presented ris integrated 
programme of pelagic fish research, mdicatmg the 
types of problem investigated and the directions m 
which the research has progressed It clearly out- 
lined the essential part it played in the £15 million 
fishing mdustry In addition, the Fishmg Induswry 
Research Institute at the University of Cape Town 
provided an exhibit covermg three aspects of its 
research—electrical thermometers on board ships, 
protem analysis and the bacteriology of fish 

The South African Broadcastmg Corporation pro- 
vided a umque studio to display the great deal of 
research and development work that les behind a 
modern transmission system The methods used to 
minimize distortion and noise were demonstrated 
The South African Railways and Harbours’ exhibits 
demonstrated centrahzed traffic control, the draught 
arrangement and problems imn modern locomotives 
and the ultrasonic testing of materials 

The tellurometer microwave system of precise 
measurement of distance (an electronic device which 
measures distance between a master unit at ono 
end and a remote unit at the other by phase com- 
parison of a number of pattern frequencies) was 
invented in South Africa and ıs now used m many 
parts of the world This was one of the exhibits by a 
number of mdustrial and commercial firms, 1ncludmg 
modein methods of sock-making, the scientific aspects 
of a modern motor-car, echo-sounders, industrial 
closed-circuit television, automatic alarm equipment 
on sea-gomg vessels, modern metal-spraymg equyp- 
ment, prevention of corrosion, atomic power m the 
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oil mdustry, the bacteriology of canned foods, the 
standardizing of coloms of printing mks, ete 

The South African Trigonometrical Survey ex- 
hibited the methods and techniques m modern survey 
operations The Division of Entomology indicated 
the more important aspects of two of its research 
projects on forest and timber msects Dr S H 
Skaife exhibited his ingenious and simple equipment 
used in studymg the habits and nature of some of 
the 400 species of ants m South Africa The South 
African Museum’s exhibit demonstrated a 14-ft 
fibre-glass cast of a slab of rock contamig the foot- 
prints of three mammal-hke reptiles which lived. 200 
mulhon years ago in Basutoland 

The South African Association foi the Advance- 
ment of Knowledge and Culture displayed methods 
of promoting science education 

The most dramatic and most popular exhibit was 
that of the Department of Surgical Reseaich of the 
University of Cape Town, which had a working 
heart-lung machine, and films and slide demon- 
strations on open-heart surgery approximately 
twenty people a day were treated for syncope by 
the St John Ambulance Brigade 

Films of scientific mterest were screened through- 
out the daily 12-hr period when the Exhibition was 
open in a specially erected emema mside the hall 

Approximately 17,000 people of all races visited 
the Exhibition, m comparison with 5,000 who 
attended the 1958 Exhibition As a result of the 
sale of the brochure and the rentmg of exhibition 
space to commercial firms, more than £1,200 was 
collected Most of this money will form the basis of 
a fund to provide scholarships to suitably qualified 
young men and women who wish to take up science 
as a career 

This Exhibition 1s part of an ambitious programme 
on which the Cape Council of the South African 
Association for the Advancement of Science has 
embarked durmg the past three years to stimulate 
an interest m and an understanding of the progress 
of modern science among non-specialists and laymen 
The Council organizes four to five science film shows 
a month which attract capacity audiences, and, in 
addition, fortnightly luncheon film shows are put on 
at the South African Museum (where there is at 
present also a planetarium attracting visitors) 
Through the Council's mrtiatrve, refresher courses for 
science teachers are now regularly provided at the 
major South African universities, and at present the 
first m a series of autumn lectures (based on the 
Christmas Lectures m the United Kingdom) 1s bemg 
arranged for senior pupils at schools m and around 
Cape Town Regular conversaziones are held, and 
last year the Council orgamzed the Darwm—Wallace 
centenary week of exhibitions, lectures and symposia 
on evolution A special committee is mvestigating 
science teaching, and particularly mathematics, in 
schools and making recommendations for umprove- 
ment to the educational authorities ‘The formation 
of a Parbamentary and Scientific Committee 1s bemg 
mooted, and the Cape Council ıs already planning 
for the Diamond Jubilee Congress of the Association 
1n 1962, when 1t hopes to mvite distinguished scientists 
from overseas 

The Cape Council of the South African Association 
fo. the Advancement of Science firmly believes that 
in providing these services to the lay public ıt will 
eventually produce noticeable effects on the future 
leaders of not only science but also polities, religion, 
ethics and moral philosophy RONALD SINGER 
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THE PHYSICAL SOCIETY 


HE contents of the 1958 Year Book of the 
Physical Society (pp v+106 London Phys- 
ical Society, 1958 12s 6d), the fourth in the annual 
series, follows the pattern of previous volumes It 
contams the texts of the ninth Charles Chree Lecture, 
the thirteenth Holweck Lecture and the forty-second 
Guthrie Lecture, the addresses delivered by the 
recipients of the thirty-fifth Duddell Medal and the 
fourteenth Charles Vernon Boys Prize, the discourses 
given at the forty-second Physical Society exhibition 
of scientific instruments and apparatus, obituary 
notices of six fellows mcluding Viscount Cherwell , 
and the report of the Council of the Society for 
1957 
In his Guthrie Lectuie, Prof W E Lamb spoke 
about some expermental teste of quantum electro- 
dynamics and explained how measurements of the 
fine structure of hydrogen and smnlar atoms by 
mucrowave methods have provided valuable mforma- 
tion about the imteractions between elementary 
particles and have stimulated theoretical caleula- 
tons The Holweck Lecture, which was delivered 
by Prof A Abragam (Centre d'Études Nucléaires de 
Saclay) on May 1 at Cambridge, was entatled “Spin 
Temperature", and m i6 he showed by various ex- 
amples how the concept of spin temperatures, positive 
or negative, 1s not only valid but also most fruitful 
The secular variation of the magnetic field of the Earth 
has been known for many years, but ıt 1s only recently 
that any reasonable theories for the variation have 
been developed In his Charles Chree Lecture, Sir 
Edward Bullard surveyed the expermmental know- 
ledge on the subject, and mdicated that the theory 
that the variation ıs due to motions m an electrical 
conducting fluid core has much to commend ıt and 


18 closely related to the dynamo theory of the ougin 
of the main field 

The measurement of the thickness of the holum 
film was the subject of the Duddell Medal address 
given by Prof L C Jackson He described how, m 
experiments at Bristol, a polarized ight method used 
for the determmation of the thickness of thm films 
of transparent materials was adapted to the measure- 
ment of the thickness of the helium film and how by a 
Steady mmprovement im technique consistent observa- 
tions were made of the helrum-2 film as a function of 
height and temperature The Charles Vernon Boys 
Prize address, entitled ‘Development of Bubble 
Chambers and some recent Bubble Chamber Results 
in Elementary Particle Physics’’, 1s a verbatim account 
taken fiom a tape 1ecordig of Di D A Glaser’s talk 
which he delivered at Harwell on July 10, 1958 

Tho lectures and addresses will interest all physi- 
cists, but they deal with specialist subjects The 
general reader will perhaps be attracted mostly by 
the discourses, and in particular by Mi M H 
Wilson’s account of Goethe’s colour experiments, 
which 1s illustiated by some coloured prints The 
other two discourses deal with some uses of physics 
m archeology (ultrasonic cleaning , proton magneto- 
metry , optical, X-ray and gamma-ray spectrometry , 
and magnetic and radioactive dating), and some 
recent investigations with airciaft on the physics of 
clouds and 1am 

The Year Book 1s now the only publication of the 
Physical Society which 1s issued free to members It 
18 à most valuable and well-produced volume, and 1t 1s 
hoped that ıt will continue to be issued, even when the 
proposed amalgamation of the Society with the Institute 
of Physics actually takes place S WEINTROUB 


THE NATIONAL PHYSICAL LABORATORY 


HE various changes m the work and organiza- 
tion of the National Physical Laboratory at 
Teddington, which have either taken place or are 
under active consideration, are outlmed in the annual 
report (Report of the National Physical Laboratory 
for the year 1958 Pp vi1+134+8 plates London 
HM Stationery Office, 1959 8s net), which has 
recently been published It contams the report of 
the Executrve Committee, which was presented to 
the General Board at its meetmg on May 28, 
one of the annual open-days of the Laboratory , 
detailed reports prepared by the respective super- 
intendents, of the work of the nine divisions of the 
Laboratory, the names of members of the Board 
and its committees, and of the senior staff of the 
Laboratory , and lists of the various papers pub- 
lished by the director and members of staff durmg 
‘the year 
In accordance with the recommendations of the 
review committee set up m 1957 to consider the 
organization and research programme of the Labor- 
atory, the Electricity, Metrology and Physics Divisions 
were replaced by the three new Divisions of Applied 
Physics, Basic Physics and Standards Work on the 


differential analyser imm the Mathematics Division , 
on refractories ın the Metallurgy Division, and on 
glass working in the Light Division, has been dıs- 
contmued In the Applied Physics Division the 
future of the high-voltage work has not yet been 
decided, but the testing of magnetic materials has 
been allowed to continue New projects m this 
Division are radiocarbon dating and the development 
of a national centre for neutron source standard- 
ization In the Mathematics Division increased 
emphasis 1s to be placed on theoretical physics, and 
with Ace now almost complete and ın use by the 
Mathematics Division, the Control Mechanisms and 
Electronics Division has been re-orientated to new 
fields of research such as process control by com- 
puters that learn to make correct changes by iral 
and error methods, and the development of new 
components for very high-speed computers 

No rgarked changes are contemplated m the 
research programmes of the Light, Metallurgy or 
Standards Divisions The principal change m the 
work of the Ship Division 1s that more attention will 
be,given to problems connected with the sea-gomg 
quahties of ships in rough water Dr E Lee, pre- 
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viously director of operational research to the 
Admuralty, who was appomted to fill the new post 
of deputy director of the Laboratory, 1s expected to 
be of considerable assistance m connexion with the 
extension of the impact of the work and policy of 
the Laboratory on industry Dr J A Pople took 
up his post as supermtendent of the Basic Physics 
Division on October 1, work on the application of 
magnetic resonance to the study of the structure and 
properties of materials, on the physics of mgh 
polymers, and on the study of free radicals, 1s to be 
commenced in that Division 

Durmg 1958, sixteen scientufic officers and twenty- 
three experimental officers were newly appomted, 
but although these represent record numbers there 
was no net gam in the total staff The hope is 
expressed in the annual report that foreign scientists 
will be attracted to come and work at the Laboratory 
for a few years as Research Fellows, and that more 
firms will second staff for periods of work at the 
Laboratory Contact with the universities was 
maintamed, but no details of any extra-mural 
contracts with universities are given in the report 
Six members of university staffs were appomted as 
vacation consultants durmg the summer months, 
and nmeteen vacation students worked at the 
Laboratory 

Two open days were agam. held, and of the 7,900 
people invited, 3,250 attended Two mternational 
symposia were held during the year The nmth m 
the series, which took place durmg June 4-6, dealt 
with the physical chemistry of metelhe solutions and 
intermetallic compounds, and the tenth, on ‘The 
Mechanization of Thought Processes”, durmg Novem- 
ber 24-27, evoked such considerable interest that the 
attendance had to be limited to the two hundred 
who could be accommodated The proceedings of 
the symposium on visual problems of colour, held 
in September 1957, No 19 m the series of Notes on 
Applied Science entitled “Signal Generators, Attenu- 
ators, Voltmeters and Ammeters at Radio-Fre- 
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quencies” , and a second volume, “Tables of Everett 

terpolation Coefficients”, m the series of NPL- 
Mathematical Tables, were published during the 
year In addition to a full programme of lectures, 
talks and discussions, m which the staff have pai- 
ticipated, there have been several sound and tele- 
vision programmes based on work and tests carried 
out at the Laboratory A transportable NPL cæsium 
atomic-clock was mecluded in the exhibition ‘‘Pen- 
dulum to Atom”, organized by the British Horological 
Institute, and the Laboratory provided items for 
display at the Physical Society Exhibition, the Gauge 
and Tool Exhibition, the Royal Society soirée, and 
an exhibition for freshmen at St John’s College, 
Oxford 

The Lord President of the Council, Lord Hailsham, 
visited the Laboratory on June 5, and the chairman 
of the Council for Scientific and Industrial Research, 
Su Harry Jephcott, on July 17 On February 26, a 
sub-committee of the Select Committee on Estimates 
inspected the Laboratory and appeared generally 
satisfied with the work bemg done, but expressed 
concern at the possibility of overlap of work and 
facilities between the Ship Division of the Laboratory 
and the Admiralty in relation to research on hull and 
propeller design There is formal haison between 
the two establishments through the Froude Ship- 
Research Sub-committee, and informal laon be- 
tween the supermtendent of the Division and senior 
officials m the Admiralty 

A building plan for the long-term development of 
the Laboratory site ıs bemg considered m con- 
sultation with the Ministry of Works, and a centre, 
with lecture, conference and restaurant facilities, has 
at long last been authorized A new physics building 
and a building properly equipped for the mechanical 
working of difficult materials have been included in 
the 1959-64 proposals Reference 1s also made to the 
Ship Hydrodynamics Laboratory at Feltham [which 
was opened by the Duke of Edinburgh on October 19, 
see p 926 of this issue of Nature] 


YELLOWSTONE PARK EARTHQUAKE 


N August 18 an earthquake occurred at 06h 
37m 18s GMT from an epicentre near the 
western boundaries of Yellowstone National Park 
(epicentre lat 441? N, long 111° W) The earth- 
quake had a magnitude of 7 1 or rather greater on 
the Richter Scale The shock appears to have had a 
normal depth of focus Most damage appears to 
have been caused by the earthquake near the Hebgen 
dam in south-western Montana The dam is buit 
at an altitude of 6,000 ft and holds up a lake same 
37 miles long in a narrow canyon, through wkich 
flows the Madison River The dam is 87 ft high 
and 718 ft long In addition to cracking parts of the 
base of the floor of the lake and produemg minor 
cracks m the earth and rock section of the dam, the 
earthquake started a huge wave m the lake, which 
threatened further damage Fortunately, the wall 
held fast The surge of water m the lake and canyon 
is reported to have caused an air blast which stripped 
the clothing from one person 
Some seven miles below the dam, landslides from 
an 8,000 ft high mountain blocked the road and yhe 
river, The road and the surrounding countryside 


were severely fissured. Roads leadmg into the 
western side of Yellowstone Park were closed 
Perhaps two hundred people, mcludmg ranchers, 
campers fishermen and tourists in about fifty cars, 
were trapped between the landslide and the lake 
Ten people are reported to have been kuled and 
sixty injured Telephones and electric power 
installations were out of action Buildmgs shifted 
on their foundations, chimneys fell and fuel pumps 
toppled over 

The elastic waves of the earthquake were recorded 
by seismographs at observatories throughout the 
world At Kew Observatory the provisional readings 
are 


eP  06hr 48mm  118e6 GMT 
iS 06hr 57mm 13sec GMT 
MH O7hr 18mm  00sec GMT amphtude 5704 
P 12hr 00min OOsec GMT 
In the past the 1egions most affected seismically 


in this part of the United States have been east of 
Helena, Montana (lat 46° N, long 111 2? W ), and 
north-east of the centre of Helena (46 6° N , 112° W ) 
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Table 1 AFTERSHOCKS OF THE YELLOWSTOME PARK EARTHQUAKE 
or AUGUST 18 (ALL DURING AUGUST) 














Magnitude 
Initial day and time Epicentre Richter 

(GMT) Scale 

Day | Hour | Minute | Second | Lat Long M 
CN)| CW) 

18 07 54 32 45 111 — 

18 15 26 06 444 111 6} 
19 04 04 03 45 1113 6 
19 19 06 29 45 1114 — 
19 19 48 45 7 45 1104 — 
19 21 45 57 45 111} — 
20 10 59 11 45 111 — 
20 19 11 27 45 111 — 











From the first of these epicentres earthquakes on 
June 27, 1925, reached intensity 10 on the Rossi 
Forel Scale and caused greatest damage at Man- 


A THEORY 


HE theory of ageing put forward by Sziard! 
refers explicitly to mammals It 1s the purpose 
of the present communication to point out that this 
theory cannot explam agemg m Drosophila, since 16 
18 1neonsistent with two experimental observations 
This of course does not prove that 1t cannot explain 
ageing in mammals, but reasons will be given for 
doubting that 1t does so 
Szilard postulates the random occurrence of ‘hits’, 
each hit rendermg meffective the genes of a whole 
chromosome, or perhaps of a large segment of a 
chromosome A cell becomes ineffective either when 
two homologous chromosomes have each suffered a 
hit, or when one of a pair of homologues has suffered 
a hit, and the other carries an inherited ‘fault’ By 
a fault 1s meant a recessive gene which m homozygous 
condition renders the cell mviable, or incapable of 
performing a necessary function m. the adult organ- 
ism Death occurs when some predetermined fraction 
of the cells muitially present ıs ın this way rendered 
meffective, Szilard suggests that this fraction is of 
the order of 2/3 to 11/12 
It ıs a direct consequence of this theory that, mn 
the author's words “Theo mam reason why some 
adults live shorter lives and others live longer 18 the 
difference m the number of faults they have mherited”’ 
This 1s the first consequence of the theory which 18 
contradicted by observations on Drosophila In so 
far as differences m adult longevity are genetically 
determimed, by far the largest differences are those 
between inbred and outbred individuals?? F, 
hybrids between inbred Imes lve for longer than 
do the parental lines (sometimes for twice as long) 
Outbred and genetically variable wild populations 
have approximately the same expectation of life as 
do F, hybrids Now mbreedmg mcreases the propor- 
tion of loci at which individuals are homozygous An 
individual which survives for an appreciable time as 
an adult cannot, by definition, be homozygous for a 
fault Therefore mbred individuals which survive 
to become adults, and which do not die immediately 
after emergence, are not homozygous for faults at 
any loci, and would be expected to be heterozygous 
for faults at fewer loci than are members of outbred 
wild populations If two inbred lmes are crossed, 
the FP, hybrids would be expected to carry a load 
of faults mtermediate between the loads carried 
by the parental hnes Thus according to Szilard's 
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hattan, Logan, Three Forks and Lombard From 
the second location shocks m October and November, 
1935, attamed maximum mtensity 9 on the Rossi- 
Forel Scale However, minor shocks of intensity 4-5 
(R F Scale) from an epicentre m Yellowstone National 
Park, Wyommg (44° N , 111° W ), occurred at various 
times from August 24 to December 22, 1930 In 1947 
(November 23) at 09h 46m 05s GwT a shallow 
focus earthquake from an epicentre 443° N , 1112? W 
reached a magnitude 01 on the Richter Scale Earth- 
quakes are always lable to recur at or near old 
epicentres - 

Aftershocks of the earthquake of August 1959 
so far listed by the United States Coast and Geodetic 
Survey are given in Table 1, although smaller shocks 
are said to have occurred at intermediate times 

E TI.LoTson 


OF AGEING 


theory, bred lines should have a higher expectation 
of life than wild populations, and FP, hybrids between 
inbred hnes should be intermediate between their 
parents Neither of these predictions ıs ın fact true 

Further, smce males have only a smgle X chromo- 
some, any hit on that chromosome m a male would 
render the cell mviable, whereas m a female not 
heterozygous for a sex-lmked fault both X chromo- 
somes must be hit before a cell becomes mviable 
Therefore females should live longer than males 
This again ıs not the case m D subobscura In some 
strams females do live longer than males, but 1n other 
strams, both mbred and outbred, the reverse 1s true 
This point ıs particularly telhng since in Drosophila 
the sex chromosomes account for about one-fifth of 
the total chromosome material 

The other gioup of facts which are inconsistent 
with the theory concern the rate of agemg at different 
temperatures! Female D subobscura of a particular 
strain have an expectation of life of about 56 days 
at 20° C and of 18 days at 305° C The changes 
responsible for death at 30 5° C are not repaired or 
reversed in, mdividuals kept for a time at 20° C 
Consequently the changes responsible for death at 
both temperatures can properly be regarded as 
agemg processes If these processes were, at each 
temperature, those postulated by Szilard, differing 
only m the rate at which hits occur, it follows that 
individuals kept for an appreciable time at 30 5° C 
should have, when returned to 20° C , an expectation 
of life at that temperature lower than that of ındı- 
viduals of the same chronological age not previously 
exposed to 30 5° C In fact, exposure to 30 5° O for 
periods of the order of half the expectation of hfe at 
that temperature does not alter the further expec- 
tation of life at 20° C of males, and significantly 
increases that of females 

Hence, if, despite the genetic evidence to the 
contrary, we assume that agemg at 20? C ıs due to 
random hits on chromosomes, then ageing at 80 5? C 
cannot be explained by the same process proceedmg 
at a higher rate In other words, either at 20° C 
or at 30 6° C agemg must be due to a process different 
from that postulated by Szilard, it 1s possible, and 
m my view likely, that such a process is not primarily 
responsible for agemg at either temperature 

It ıs perhaps unreasonable to criticize a theory 
intended to explam agemg m mammals by quoting 
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obser vations on insects Unfortunately the tempera- 
ture experiments cannot be repeated on a homuo- 
therm But there is some evidence’ ın mice, as well 
as m Drosophila, that inbred mdrviduals do not hve 
as long as outbied ones In addition to this purely 
observational point, there 1s one more general reason 
why Szilard’s work has made a theory of agemg by 
somatic mutation less, and not more, promising than 
1t had previously appeared to be It 1s assumed that 
the ‘target’ ıs a whole chromosome , a ‘hit’ renders 
ineffective all the genes carried by that chromosome 
This assumption 1s made because, as Szilard shows, 
uf 16 Were assumed that the target were an individual 
gene, ıt would be necessary also to assume that each 
mdividual carried a load of faults so high as to be 
inconsistent with the known fertility of consan- 
guimeous marriages There aie events, particularly 
mitotic errors and chromosome breakages, which 
would deprive cells of whole chromosomes or of 
large segments of chromosomes, but they do not 
seem likely to be common enough to be the main 
cause of agemg Most biologists would be happier 
with a theory which assumed as the unit event a hit 
on a gene, using the word gene here to refer to a 
functional unit or cistron Perhaps the most impor- 
tant thing Szilard has done is to show that such a 
theory, at least in rts simplest form, would run into 
difficulties 
J MAYNARD SMITH 
Department of Zoology, 
University College, 
London, W C 1 
? Szilard, L, Proc Ọ S Nat Acad Se , 45, 30 (1959) 
* Clarke, J M , and Maynard Smith, J , J Genet , 58, 172 (1955) 
* Maynard Smith, J , J Genet , 56, 227 (1959) 
* Maynard Smith, J , J Erp Bil , 85, 832 (1958) 
* Muhlbock, O , CIBA Colloquia on Ageing, 8, 115 (1957) 


ALL the observations quoted by Mr Sinith 
m his interesting communication relate to fruib 
fhes and they fall mto two classes observations 
which we may expect to be able to dupheate m the 
case of mammals and those which we may not Since 
I do not propose to diseuss here whether the theory 
might or might not be extended to insects, I am 
primarily concerned with the former of the two classes 

Smith states that a genetically variable, ‘wald’, 
population of fruit flies has a substantially higher 
life expectancy than inbred, fairly or wholly homo- 
zygous, strains derived from ıt He also states that 
the F, hybrid, obtained by crossing two different 
mbred strains, has a substantially higher life expec- 
tancy than the two mbred strains themselves Smuth 
holds that these findings are not compatible with the 
theory of agemg that I proposed 

It 1s probably true that the observations quoted 
above could be duplicated with mammals and I am 
quite prepared to accept this thesis for the sake of 
argument As I shall presently show, however, my 
theory does not preclude that the homozygous inbred 
strains may have a substantially smaller hfe expec- 
tancy than the wild type strains Further, the theory 
demands that the life expectancy of the F, hybrid 
be appreciably higher than that of the wild type 
strain, if the wild type stram carries a substantial 
number of faults In order to see this, ewe may 
consider the following 

At present there 1s no evidence that a gene may be 
responsible for anythmg except for the production 
of a specific protem molecule which might be endowed 
with a specific enzymatic activity In a wild popula- 
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tion, a given gene may be present im the form of a 
variety of alleles and the corresponding enzymes may 
differ m their turnover number For the purposes 
of discussion here, I shall call am allele ‘weak’ if 
the turnover number of the corresponding enzyme 
is small If this turnover number is very small, the 
allele might be a recessive lethal A completely 
homozygous strain 1s, of course, free of recessive 
lethals, but ıt may contam a number of ‘weak’ 
alleles 

Again, for the purposes of discussion here, I shall 
adopt a somewhat over-srmplified picture, and shall 
disregard the possibility that the enzyme-levels ın 
the somatic cells may be determmed to some extent 
by the regulatory mechanisms of the cell through 
enzyme induction or otherwise On this over-sim- 
plified basis, we may then say that the somatic cells 
of an inbred stram, which 1s homozygous for a number 
of ‘weak’ alleles, are 1mpoverished in the correspond- 
mg enzymes, so far as their biochemical activity is 
concerned 

My theory assumes that only a small fraction of 
the enzymes, less than one-fifth perhaps, 1s important 
for the functioning of the somatic cells of the adult, 
while practically all of the enzymes may be important 
for differentiation and morphogenesis durmg the 
embryonie life of the mdividual Accordingly, we 
may then expect that an individual of the mbred 
stram (which 1s homozygous for a number of ‘weak’ 
alleles) may be maldeveloped, in the sense that 1t may 
have a much smaller reserve at birth than the wild 
type individual, with respect to a number of phyzg- 
ological functions Thus ıt 1s concervable that an 
mdividual belonging to an mbred stram may die at 
an age at which f, the ‘survivmg’ fraction of its 
somatic cells, has fallen to, say, f* = gu" A whereas 
an mdividual belongmg to the wild-type stram may 
die at an age at which f, the ‘surviving’ fraction of 


l 
its somatic cells, has fallen to about f* = T ^ o 


We may compute for this case the most probable 
age at death, for man, from formula (14) given on p 33 
of my paper (loc cet) which ieads 


By + r = af mn tind 


where x; is the number of hits at death, 7 1s the 
number of the inherited faults, m — 231s the number 
of chromosome pairs and f* 1s the surviving fraction 
of the somatic cells at the age of death 

The most probable age at death, tr, 1s given by 
tr = 6 x v, years 

For the mbred strain we obtain t», the most probable 


? x and Inca] We 


f* 
thus obtain t = 63 6 years 
For the wild type we obtain ¢,, the most probable 


age at death, by writing 


1 
age at death, by writing 7 — 2 and Ings w2 We 


thus obtain ty = 81 5 years The actual value for 
white females ın the United Statesis t, = 80 5 years 
Fo. the P, hybrid we obtain tp, the most probable 


1 
age at death, by writmg r = 0 and Ing; ^2 We 


thus obtain f£, = 93 5 years This is 12 yems more 
than the value for the wild type 

It may thus be seen that a substantially shortened 
life expectancy of the homozygous, mbred strain, as 
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compared with the wild type, need not be mconsistent 
with the theory However, an mereased life expec- 
tancy of the F , hybrid as compared with the wild type 
strain 1s a necessary consequence of the theory 

This consequence of the theory could be tested by 
experiments on short-lived mammals, say mice In 
order to render the experiment more sensitive, one 
may first expose to 1omzing radiation a population 
of wild type mice over several generations and may 
thereby increase the number of faults 1n the popula- 
ton Startmg with such a ‘wild’ population, enriched 
in faults, one would then select two unrelated families 
and derive from them two mbred homozygous 
strans The theory demands that the F, hybrid of 
these two mbred strains should live appreciably 
longer than the population from which the two 
families were selected Given a suitable opportunity, 
I propose to arange for experiments of this sort A 
negative result might well prove fatal for the theory 

1 should perhaps add at this pomt that the observed 
differences m the life expectancy of the male and the 
female do not provide a usable criterion for the 
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validity of the theory because /*, the ‘surviving’ frac- 
tion of the somatic cells at death, might differ 
appreciably for the male and the female 

Smith cites a rather peculiar effect of the tempera- 
ture on the life expectancy of the male and the female 
m D subobscwa It seems to me that any future 
theory of agemg that may be generally applicable to 
insects would be put to an unduly severe test, were 
one to demand that 1t account for this particular effect 

Because the theory of ageing that I proposed makes 
quantitative predictions, 1t 18 capable of bemg dis- 
proved by experiments and, sooner or later, such 
might be its fate At present I am not aware, how- 
ever, of any valid observations which contradict this 
theory In these circumstances, I am not at present 
disposed to agree with the appraisal of the theory 
mmphed m the last paragraph of Mr Smith's com- 
munication 

Leo SZILARD 
Enrico Fermi Institute for Nuclear Studies, 
University of Chicago, 
Chicago, Ill 


CROSS-LINKING OF DEOXYRIBONUCLEIC ACID IN 
SPERM HEADS BY IONIZING RADIATIONS 


By Dr. P ALEXANDER and Dr K A STACEY 


Chester Beatty Research Inscitute, Institute of Cancer Research, Royal Cancer Hospital, 
London, S W 3 


RRADIATION with X-rays of deoxyribonucleic 
acid m dilute aqueous solution leads to a reduction 
in the size of the molecule due to attack by hydroxyl 
radicals! Irradiation of the solid acid as the sodium 
salt was claimed by us to 1educe the molecular weight? 
and we wrongly concluded (see below) that 10nizmg 
radiations, whether acting directly or indirectly via 
fiee radicals from water, produce breaks m the mam 
cham Since n vwo deoxyribonucleic acid 18 con- 
Jugated with protem, nucleoprotem obtained fiom 
the sperm of fish was wradiated and attempts were 
made to 1solate the deoxyribonucleic acid so as to 
measure 1ts molecular weight and to see if its radio- 
sensitivity was affected by the presence of proteins 
Sperm heads were chosen for these experiments 
since they contain essentially only deoxy1iibonucleic 
acid and protamine They can be prepared without 
denaturation as they take up only a few per cent of 
water and no break up of the native configuration 
occurs due to swelling After the nucleoprotein 
complex has been dissociated in 2 M sodium chloride, 
deoxyribonucleic acid can be isolated in a very pure 
form (less than 0 1 per cent of protein eortamination) 
by precipitatmg the protamine by the usual pro- 
cedure? with an anionie soap, sodium dodecyl sulphate 
The detergent-protamune complex 1s removed by 
centrifugation at 20,000g for 30 mm If the sperm 
heads are obtamed from viable sperm by cytolysis 
at temperatures below 4°C, the recovery of deoxy- 
ribonucleic acid is quantitative (better than 95 per 
cent) 

Followmg irradiation by 20,000-1,000,000 rads 
with 1-MeV electrons from a Van de Graaff machine, 
the sperm heads dissolved apparently completely in 
9 M sodium chloride, but after the removal of the 


protamine complex ıt was found that a substantial 
fraction of the deoxyribonucleic acid had been lost 
In this dose range, no deoxyribonucleic acid was lost 
if the solution in 2 M sodium chloride was centri- 
fuged at 20,000g for 2 hr It was found that the loss 
of deoxyribonucleic acid was related to the dose as 
shown m Fig 1 No significant difference was found 
between sperm-heads from salmon, trout and herung, 
and moreover, the same effect was obtamed 1f viable 
whole sperm were irradiated m ther semmal fluid 
and the nueleoprotem isolated after irradiation 


Evidence for Cross-linking 


A possible reason for the loss of deoxyribonucleic 
acid on the addition of the detergent 1s that some of 
the protamme ıs chemically Imked by the radiation 
to the deoxyribonucleic acid so that 16, too, 1s involved 
in the detergent-complex! But all attempts to demon- 
strate such & combination have failed Thus the 
deoxyribonucleic acid was precipitated quantitatively 
from the dispersion of sperm heads m 2 M sodium 
chloride by the addition of a polyvalent cation, 
lanthanum chloride, and the precipitate analysed 
for protem by paper chromatography No differences 
could be detected between the control and irradiated 
samples though the latter ‘lost’ 30-50 per cent of 
their deoxyribonucleic acid on the addition of the 
detergent and neither contamed more than 0 5 
per cent protein The best evidence that there was 
no combination with protem was obtained by 
isolating the deoxyribonucleic acid by ultracentrifuga- 
tion In a preparative ‘Spinco’ the deoxyribonucleic 
agid from a solution of sperm heads in 2 M salt 
(concentration of deoxyribonucleic acid 0 03 per cent) 
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Fig 1 Effect of 1 2-MeV electrons on the recovery of soluble 

deoxyribonucleic acid from nucleoproteins -W- and -[]-, 

Different preparations of salmon sperm heads , —O-, trout sperm 

heads, —W-, nuclei from herring testes, —A-, viable trout 

sperm , - &-, ‘reconstituted’ nucleoprotamine fibres from trout 
sperm heads 


was completely spun down after 15 hr at 35,000g 
The pellet of deoxyribonucleic acid was dissolved 
in water and then respun in 2 M salt under the same 
conditions This was repeated twice and the final 
pellet of deoxyribonucleic acid contamed less than 
0 1 per cent protem, according to the sensitive 
chromatographic technique of analysis developed 
by Kuby* No difference in the protem content 
could be detected between deoxyribonucleic acid 
prepared in this way from inadiated and unirradiated 
sperm 

However, the solubility behaviour of the pellets of 
deoxyribonucleic acid obtamed by ultracentrifugation 
1s changed by mradiation and this provides evidence 
for the mechanism by which part of the deoxy- 
ribonucleic acid is removed by soapmg after irradia- 
tion While the control samples dispersed completely 
m 0 1 M sodium chloride, the deoxyribonucleic acid 
pellet from irradiated sperm heads contamed some 
deoxyiibonuclere acid in gel form which could be 
removed by spmning at 20,000g for 3hr The amount 
of deoxyribonucleic acid spun out under these con- 
ditions mereases with radiation dose and 1s, withn 
experimental error, equal to the soapmg loss This 
gel component separated from irradiated sperm heads 
by centrifugation 1s not made soluble by the addition 
of trypsin, which digests piotamime very rapidly 

These results can be interpreted as showing that on 
irradiation some of the deoxyribonucleic acid has 
been cross-linked to form a very loose gel-like network 
which 1s so highly swollen m water that 15 1s not spun 
out in a short time by centrifugation at 20,000g 
but 1s scavenged by the very flocculent precipitate 
produced by the addition of sodium dodecyl sulphate 
to 2 M sodium chloride After very high-speed 
centrifugation this material 1s compacted and can 
be removed by ordinary centrifugation at 20,000g 
Irreversible behaviour of this type ıs to be expected 
from very lhghtly eross-hnked gels This mterpre- 
tation is further supported by the fact that after 
very lage doses (that ıs, greater than 3 x 10* rads), 
deoxyribonucleie acid gel ıs removed by centrifu- 
gation at 20,000g presumably because the swelling 
has been reduced by additional cross-lmks whigh 
tighten up the network After 8 x 10° rads the sperm 
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heads no longer disperse at all ın concentrated salt 
solutions 

The relationship between the amount of deoxyiibo- 
nucleic acid removed by soapmg (that 18, the amount 
not behaving as gel) and radiation dose (see Fig 1) 
is that found for cross-linking of synthetic polymers* 
The threshold, known as the gel pomt, arises from the 
fact that a mmimum number of cross-lmks have to 
be formed before any part of the maternal has been 
lnked mto an ‘infinite’ network required for ıt to 
behave as a gel Charlesby* demonstrated theoretic- 
ally for lmear polymers that at the gel pomt the 
number of cross-hnks equals the number of mole- 
cules present Since the cross-links are distributed 
statistically, some molecules will be unchanged 
whereas others will be involved 1n several cross-links, 
and it 1s these which form the gel fraction 

From the simple relationship of Charlesby ıt 1s 
possible to calculate the energy that has to be put 
into the system for a cross-lnk to be produced from 
the threshold dose and the molecular weight of the 
polymer The weight average molecular weight of 
the deoxyribonucleic acid was measured by hght 
scattering and found to be between 9 and 11 x 10%, 
though there was some variation fiom sample to 
sample These high molecular weights, which are 
contrmed by viscosity measurements, can only be 
obtained by startig the preparation with viable 
sperm Ifthe sperm heads are stored, deoxyribonucleic 
acid of lower molecular weight is obtamed With a 
thieshold of 2 x 104 rads and deoxyribonucleic acid 
having a weight average molecular weight of 107 
(assumed to be twice the number average) a value of 
40 eV per cross-link formed is obtamed This shows 
that the cross-lmking reaction 1s a very efficient 
process 

From the shape of the curve relating radiation dose 
and gel formed, ıb ıs possible m polymer systems 
to determme whether some breakmg of chams 
oceurred at the same time as cross-hnkmg For this 
calculation the pomts at high doses are critical , 
at the same time, experimentally these are the 
least reliable, because they are biased by trapping 
non-cross-linked material within the gel network If 
applicable, this calculation would show that there can- 
not be more than one break for every four cross-links, 
but that there may be less The average molecular 
weight of the residual deoxyribonucleic acid left 
after the removal of gel by centrifugation at 20,000g 
18 less than that of the starting material and con- 
tinues to decrease with mcieasing dose This is in 
accord with eross-hnking theory* since the deoxy- 
ribonucleic acid is polydisperse and the largest 
molecules will be the first to enter the gel fraction , 
the smaller molecules are left 1n the soluble fraction 
This drop im the average molecular weight does not 
imply the occurrence of chain scission 


Mechanism of Cross-linking 


No analytical work has been attempted to determ- 
me the nature of the cross-lmk that is formed 
between deoxyribonucleic acid molecules The 
possibility that they are an effect of aggregation by 
secondary valency forces (for example, hydrogen 
bonds) has been considered, but seems very unlikely 
in view of the general properties of the gel and the 
fact that 1t 1s not dispersed by the powerful hydiogen- 
bond breaking solvent, 4 M urea We do not know 
whether the gel-like structure ıs formed by molecules 
that are jomed together by a covalent bond or by a 
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chain-branching mechanism, involving breakage and 
reunion, which 1s called end-hnkmg by Charlesby 
At the present time we use the term cross-hnkmg 
loosely to denote a xeaction that results in the 
formation of deoxyiibonuelee acid with gel-hke 
properties 

A degree of order seems to be necessary for efficient 
ceross-hnkmg smce the dose of radiation needed to 
produce gel ın reconstituted nucleoprotamune fibres, 
which were obtained by diluting solutions of sperm 
heads in 2 M sodium chloride, is thee times greater 
than that needed to gel the sperm heads, which have 
the same overall composition The reconstituted 
product 1s known to have an nregular structure and 
ibs composition is not stoichiometric’ In recent 
experiments with Mi John Lett, evidence for cross- 
linkmg has been found even when pure deoxyribo- 
nucleic acid is radiated as a solid Although no 
gel is formed, except at very high doses, the results 
suggest that both cross-lmkmg and maim-cham 
breaking occur simultaneously, but that the efficiency 
of the forme: depends very much on the nature of 
the sample The great preponderance of main-chain 
breaks found ın our earlier work? may probably be 
ascribed to the fact that the deoxyribonucleic acid 
used was of lower quality The fact that our present 
samples have nearly twice the molecular weight of 
those used earlier supports this explenation The 
exact factors determmmg the change-over from 
cross-linking to degradation when the sodium salt 
of deoxyribonucleic acid is nradiated are now beng 
studied, but ıt seems that the amount of cross- 
Imking ıs very dependent upon the closeness of the 
packmg of the deoxyribonucleic acid chains The cross- 
linking 1s due to the direct action of the radiation , 
the free radicals produced in the water m which the 
sperm heads are suspended play no paro, presumably 
because then range 1s too short This was established 
by the fact that the cioss-lmnking efficiency 1s indepen- 
dent of the amount of water in which the specimens 
are suspended and, moreover, alcohol-diied herring 
sperm give essentially the same result, though for 
expermmental convenience we have preferred to wra- 
diate suspensions 

The addition of 1 per cent cysteamine to a 10 per 
cent suspension of sperm heads provides powerful 
protection, reducing the amount of cross-linking to 
approximately half This 1s not m conflict with the 
deduction that the action is largely direct, since 
protection under these conditions was first reported 
by Alexander and Charlesby? for polymers and more 
recently by Markovich? for phage If the radiations 
are carried out under oxygen instead of air the amount 
of gel-hke nucleic acid that is formed 1s greatly 
reduced The importance of packmg may arise from 
the fact that oxygen combmes with the radiation- 
produced reactive centre and thereby prevents ıb from 
giving a cross-lnk Competition by oxygen may 
explam why in prelimmary experiments we have 
failed to find gel-like deoxyribonucleic acid in the 
nucle: of irradiated chicken erythrocytes m which 
the nucleoprotem 1s much less closely packed than 
m sperm heads 


Biological Implications 


The production of a cross-link by 1adiation pio- 
vides a very effective way whereby one event can 
destroy the biological integrity of a macromolecule 
Even if the part of the molecule mvolved m the 
formation of the c1oss-link 1s not essential to activity, 
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the joming of two molecules together will change the 
physical characteristics of the molecule profoundly 
Smee a dose of 1,000 rads produces a cross-link m, 
appioxmnately, 5 per cent of the deoxyiibonueleic 
acid molecules present in the sperm cell, quantıtatıvely 
this reaction 1s capable of explamung cellular effects 
of radiation which require doses of this order of 
magnitude Such a theory would appear all the more 
attractive sme one of the predommant chemical 
changes produced by the radiomimetic substances 
such as nitrogen mustards ıs the cross-hnling of 
deoxyribonucleic acid in the cell nucleus’? The 
simmuilaiity of the end effects produced by 1adiation 
and the chemicals would then follow from the 
similarity of the chemical lesion Against this 
mechanism 1s the fact that densely ronuzing radiation 
such as polonium «-rays and 2-MeV neutrons are 
about ten trmes less efficient m cioss-lhnkmg the 
deoxyribonucleic acid m sperm heads than are the 
spaisely ionizing radiations of X-, y- and #-rays 
Yet the densely 101uzmg radiations are much the more 
effective m causing delay of mitosis and cell death — 
a prior one would expect that the chemical reaction 
which initiates the sequence of events leadmg to 
cellula effects must also be more readily produced 
by the densely 1onizmg radiations The possibility 
remains that there 1s a qualitative difference between 
sparsely and densely iomzmg radiations m their 
effect on deoxyribonucleic acid, and the very low 
cross-lmking efficiency of the «-rays could best be 
explained by the simultaneous production of a nearly 
equal number of main-chain breaks 

For the mactivation of viruses the relative effec- 
taveness of the different radiations 1s m the reverse 
order from that found for cellular effects and in 
qualitative agreement with the cross-linking reaction 
Since the tightness of the packmg of deoxyribonucleic 
acid appears to facilitate the formation of cross-lmks, 
ib 18 possible that this ıs the reaction responsible 
for the mactivation of bacteriophage by ionizing 
radiation 
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CARBONIC ANHYDRASE IN THE DECIDUOMA OF THE RAT 


By Da T H JOHNSON*, 


College of Physicians and Surgeons, 
Unit of Reproductive Physiology 


Nu extensive investigations have been 
made of various enzymes m placental tissue, 
Jatrvely little attention has been paid to the 
wymes of the experimentally induced decidual 
ssue, that is, the deciduoma 
Deciduomata offer an excellent opportunity for 
‘search on the mateinal components of the placenta, 
pecially durmg the earliest phases of development, 
id also m embryo-free uten Nevertheless, the 
uly enzyme studied hitherto ın detail ın decıduo- 
atous tissue 1s the histammase!, which has been 
mnonstrated as characteristic of the maternal 
tion in the placenta of man, rabbit and rat The 
'esence of certain other enzymes in the deciduoma 
as indicated but iesults were only reported in 
mmary? 
Carbonic anhydrase is another typical placental 
zyme? Its presence was first detected in the 
ammahan female reproductive tract ın the endo- 
etrium of the progravid rabbit‘ Investigations of 
; distribution showed that although the occurrence 
‘carbonic anhydrase m the endometrial mucosa is 
nited to relatively few species, it is mvariably 
sociated with the placenta of mammals, ıt has 
ien located ın the maternal portion of the placenta 
large domestic animals, carnivores, laboratory 
dents and insectivores® 
Since experimentally mduced deciduomata are 
‘ucturally and functionally analogous to the 
cidual portion of the placenta proper, it was of 
terest to examune the mduced decidual tissue for 
rbonic anhydrase For several reasons the rat 
erus 18 specially suitable for such a study The 
5 endometrium contains negligible amounts of 
tbonic anhydrase during cestrus, and the content 
this enzyme does not inorease in response to 
ogesterone treatment? This ıs in contrast to the 
bit endometrium where the response to progester- 
®, as expressed by an mereased content of carbonic 
hydrase, ıs so spectacularly characteristic that 1t 
ms the basis of an assay for luteoid potency? 
1ce the rat does not show a comparable progester- 
-conditioned rise in carbonic anhydrase content, 
y mcrease in enzyme content found as the result 
induemg decidualization can be safely asciibed 
the presence of deciduomatous tissue Further- 
re, recent studies?" offer various techniques for 
luction as well as suppression of deciduoma in 
» rat 
Chis investigation was carried out to determine 
ether carbonic anhydrase is present im the deor 
oma of the rat , 1f so, how early in the development 
the deciduoma the enzyme becomes detectable T 
ether the enzyme activity, if present, 1s dependent 
mn the method of deciduoma mduction, and 
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finally, whether the suppression of the development 
by histamine antagonism, or by disturbance of the 
hormonal equilibrium, is reflected by the level of 
carbone anhydiase activity 

The enzyme-assay technique was essentially the 
same as described earlier? No attempt was made to 
dissect the deciduoma from the uterme wall , the 
results were expressed as enzyme units (E U) pa 
gram entire uterme horn, fresh-weight Pseudo- 
pregnancy was induced in 3-4 months old female 
albino rats with regular cestrus cycles (stock colony, 
Anatomy Department, University of Brmmgham), 
by faradic stimulation of the cervix on days of 
pro-cestius and cestrus, of the cycle On the fourth 
day of leucocytic vaginal smears certain procedures 
were applied m order to induce or to suppress 
deciduoma formation 

Four series of experimental animals were set up 
Series I consisted of 20 females mjected intraperi- 
toneally with 20 mgm pyrathiazine (‘Pyrrolazote’, 
Upjohn), to evoke the decidual response by systemic 
means’? Jn series II there were 15 females which 
were laparotomized under ether anaesthesia on the 
fourth day of pseudopregnancy , the antimesometrial 
wall of the uterme lumen was sciatched along rts 
length wrth a burred needle to produce m these 
anunals the typical deciduoma induced by trauma 
Series III included 10 females, laparotomized as 
above , the endometrium m both uterme horns was 
traumatized, but the lumen of one horn m each rat 
was instilled with 0 1 ml of saline solution containing 
1 mgm of the anti-histammic, diphenhydramme 
hydrochloride, to suppress the decidual development 
Series IV consisted of 10 females which were given 
intraperitoneally 20 mgm pyrathiazine, this bemg 
followed immediately by a subcutaneous injection of 
l mgm ‘ergotoxme complex’ (made up of ergocristine, 
ergocornine and ergocryptime methanesulphonate, 
l 1 J, m 50 per cent ethanol), which has been 
previously shown’® to prevent the formation of 
deciduoma by disturbmg the hormonal balance In 
all four series the uterme weights were recorded, and 
the horns used for enzyme assay, at 24, 48, 72 o 
120 hr, respectively, after the termunation of the 
procedure provoking deciduoma , groups of 4 animals 
bemg used at each stage in series I, 3 in series II, 
and 2 each in series III and IV 

It was found that carbonic anhydrase 1s 
undoubtedly present in the rat deciduoma The 
values established were low (rangmg from 2 to 
12 EU /gm) as compared with the progestational 
endometrium of the rabbit (up to 100 E U /gm ), but 
they were of the same order as those obtained for the 
rat maternal placenta (10 E U fgm ) 

The findings relatmg to the different experimental 
techniques used for induction (series I and II) and 
«suppression (series IJI and IV), respectively, of the 
decidual reaction can be summarized as follows. 
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Carbome anhydrase activity m the deciduoma 
appeared irrespective of the type of mduemg agent 
The presence of the enzyme was evident already at 
24 hr after induction, and it was still demonstrable 
m deciduomata 120 hr old When the decidual 
response was suppressed, whethe by local application 
of an antihistamine drug, or alternatively by mter- 
ference with the hormonal equilibrium, as in the 
rats treated with ergotoxin, no measurable carbonic 
anhydrase activity was detected in the uteri 

Early cellular evidence of deciduahzation appears 
as increased diploid aetivivy , this can be demon- 
strated about 18-20 hr after stimulation® Other, 
probably even earher, signs of response include 
changes m uterme vascularity The appearance of 
carbonic anhydrase 1s therefore consistent with the 
morphological signs of onset of the decidual develop- 
ment It is at present difficult to account for the 
fact that whereas there 1s a remarkable shift in 
decidual weight, from less than 5 per cent of the uterme 
mass to 6-7 times the imriial weight of the whole 
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uterus, yet the concentration of carbomic anhydrase, 
in terms of EU /gm uterme horn, remains fairly 
constant throughout the 120 hr of the experimental 
period However, ıt 1s probable that further analysis 
of a larger number of specimens and over a more 
extended period, preferably coupled with a histo- 
chemical identification of the cellular elements 
responsible foi carbonic anhydrase activity, would 
help to 1esolve this problem 


1 Ahlmark, A , Acta Physiol Scand , 9, Supp 28 (1944) Swanberg, 
H , wed , 28, Supp 79 (1950) Roberts, M ,and Robson, J M, 
J Physwl , 119, 286 (1953) 


* Meyer, R K, “Ciba Colloquia Endocrinol”, 1, 266 (1952) 

3 Lutwak-Mann, C , J Endocrinol , 18, 26 (1955) 

4 Lutwak-Mann, C , and Laser, H , Nature, 178, 268 (1954) 

*Lutwak-Mann, C , Boll Soc Ital Bil Sperunent , 82, 611 (1956) 

€ Lutwak-Mann, © ,and Adams, © E , J Endocrwol , 15, 48 (1957) , 
Acta Endocrinol , 25, 405 (1957) 

7Shelesnyak, M C, Amer J Physiol , 179, 301 (1954) 

* Sachs, L , and Shelesnyak, M C, J Endocrinol , 12, 146 (1955) 

?Shelesnyak, M C, “Rec Prog Hormone Res”, 18, 269 (1957) 
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TRANSMISSION OF A VIRUS TO STRAWBERRY PLANTS 
BY A NEMATODE (XIPHINEMA sp.) 


By ASHARFI JHA and Dk A F POSNETTE 


East Malling Research Station, Kent 


ISTER in 1958! described symptoms shown by 
4 diseased strawberry plants (var Cambridge 
Favourite) which he found to be infected with the 
raspberry yellow dwarf virus* of Harrison? These 
symptoms closely resembled those of a virus disease 
reported earher that year at East Malling’ affecting 
a range of cultivated strawberry varieties (including 
Cambridgo Favourite) known to be tolerant to the 
usual (aphid-borne) ermkle virus complex, and 
tentatively referred to as yellow crinkle 
In subsequent work at East Mallmg unde a 
Colombo Plan Fellowship (A J ) the causal virus of 
yellow ermkle and of mosaic was transmitted by 
mechanical inoculation from plants of a number of 
stolons from the ‘healthy’ plants ın the inoculated 
strawberry varieties, includmg Cambridge Favourite, 
to a wide range of herbaceous plants, mcludmg 
Petuma hybrida Vilm. and Chenopodeum amaranticolor 
Coste and Reyn One of these isolates, m Petuma 
hybrida, derived from a Cambridge Favourite 
strawberry plant showing typical symptoms, was 
successfully transmitted back to healthy plants of 
the same variety by mechanical inoculation Fmally, 
eross-protection and serological tests of these isolates 
with authentic raspberry yellow dwarf virus and 
antiserum (supphed by the Scottish Horticultural 
Research Institute) mdicated a close relationship 
with the latter virus 
Soil transmissibilty was confirmed experimentally 
when healthy plants of Cambridge Favourite straw- 
berry and Petuma hybrida were potted in soil col- 
lected from contiguous strawberry plantations (a) 
known to be mfected with yellow crinkle and (b) free 
from any symptoms of such infection Plants grown 


* Now known to be the same as Arabis mosaic virus Markham and 
Smith 


ım the former afterwards developed symptoms, 
whereas those in the latter 1emamed apparently 
healthy 

In view of the conclusion of Hewitt et al * that a 
nematode, Xiphinema index, was a vector of the 
soi-borne fan-leaf disease of grape vines in Cal- 
fornia, samples of soil from the diseased and from 
the healthy strawberry plantation sources indicated 
as (a) and (b) above were compared for their nematode 
content with a Semhorst elutriator In addition to 
certain species commonly found m Great Britam 
and present m both sous, a species of Xiphinema 
(originally determmed as X ndez? but now known 
to be an undescribed species) was identified but only 
from the soil of the plantation mfected with raspberry 
yellow dwarf virus The results of two experiments 
on the role of this nematode in the transmission of 
this virus to strawberry follow 

In these experiments healthy Cambridge Favourite 
strawberry plants were grown in nematode-free soil 
in pots situated m an insect-proof glasshouse, the 
control and inoculated series bemg isolated from each 
other in adjacent compartments In the first experi- 
ment a healthy and an infected plant were established 
(with intermmgled roots) ın each pot, whereas m the 
second no infected plants were used 

As ıt was thought that soil texture might have 
some effect on the survival of the nematodes to be 
added, the soil used throughout both these experi- 
ments was collected from the plantation of appar- 
ently healthy strawberry plants, that is, (b) above 
Healthy Cambridge Favourite strawberry plants 
grown m this soil prior to heating ıt remaimed healthy 
Samples of this soul were then maintamed at approx- 
imately 60° C for 4, l and 14 hr, respectively, to 
fill all nematodes present, and subsequent exam- 
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 jnations for nematodes.: 
after’ three weeks, of 
perature showed that 
(ments. 
"uniformly preheated for 1 hr. at 60* C. approx. 
For the first experiment; the nematodes 
tracted, on two occasions, fromthe soil of the i 






im at laboratory tem- 
had survived these treat- 


















inoculated’ series, 
in all; For the secon 
from ‘the same source wer 
spot, but on one occasion 
added to the ‘control’ pots in 


healthy) was rooted during the course of the 

experiments into steam-sterilized: standard green- 
house compost. in adjacent pots, and acted as a 
- supplementary indicator of infection. 

Both experiments were set up in the winter of 
1958-59, starting in October, and from about eight 
months afterwards, that is, in the. summer of 1959, 
yellow crinkle symptoms developed. on. certain of the 
stolons. from the ‘healthy’ plants in the inoculated 

-sories and later on the parent plants themselves. 
Confirmatory tests were made from each plant in 
both experiments, by mechanical inoculation to 
indicator plants of Chenopodium amaranticolor and 
Petunia Pitti. irrespective of whether that straw- 
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‘Soil for the experiments: ¿was therefore © 
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Table 1 
f NE o TO TD 
| i Exp. 1 | Exp.2 ] 
| i With i Without à 
i F - |  ifeetorplants | — infector plants 1 
i Treatments m = r 
i i No. of | No. of 
; | No.of itestplants| No. of | test planta 
i jte st plants |. infected test plants | ir infected 
Roll inoculated | -| 
with Xiphinema 
sp. J 13 i 5 | 
Control a 9 | Wi ud E | 
ie | por | 
MUN plant had itself developed AE These 


tests of 4] 


he control plants in both yel ik have 
all yiel a 


: negativo results. 








marized. i in Table 1, it i 
of the. added nematode 


plants. The full detaila of thi 
bearing on this subject are in course of preparation. 

We are indebted to Dr. R. 8. Pitcher of this Station 
for the identification of the nematodes. 
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d Breie T B., Raski, D. J., and Goheen, A C., Phytopath., 48, 586 
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“MACROMOLECULAR COMPONENTS OF CHLORELLA PYRENOIDOSA 


By PHILIP NEWMARK, JACK D. STEPHENS, JAMES B. CURRY and GAIL L. BOWER 


Department of Biochemistry, University of Kansas, Lawrence, Kansas 


UBCELLULAR organelles from disrupted cells of 
S mammalian tissues, bacteria, yeast, blue-green 
algae and the seedlings of pea plants have been 
- eharacterized in the ultracentrifuge". There appears 
10 be no report on the characterization of organelles 
jdsolated from green algae. In connexion with an 
exploratory study by chemical means of the various 
nucleic acid and protein containing fractions of 
Chlorella. pyrenoidosa’, we examined the ultracentri- 
fuge. patterns obtained from actively photosynthe- 
sizing algal cells as well as from the cells of a 
chiorophyll-less mutant (No. G 11; this mutant 
strain was kindly sent to us by Dr. Mary Belle 
Allen, Kaiser Foundation Research Institute, 
Richmond, California), both of which we cultured 
on complete and on nitrogen-free media. Use of 
the ehlorophyll-ess mutant permitted us to assess 
the effect of loss of photosynthetic ability on the 
macromolecular organization of the cell. We were 
interested in nitrogen defieiency beeause of the shift 
in synthetic effort in nitrogen-deficient Chlorella from 
protein to fat synthesis', because it had been shown 
that nitrogen starvation in Torula and Pseudomonas 
produced a much greater decrease in theecellular 
content of nucleic acid than of proteint, and because 
the 40 S organelles of E. coli were found to break 
down within 2 br. after the bacterium was transferred 
<- toa nitrogen-free medium*. * 







a. E : 7 - 





Chlorella pyrenoidosa was cultured on a modified 
Bristol’s solution’ of inorganic salts in air enriched 
with carbon dioxide. The medium for the chloro- 
phyll-less mutant was supplemented with 1 per cent 
glucose. Nitrogen deficiency was produced by 
transferring logarithmically growing cells to the same 
medium minus the nitrogen (as potassium nitrate) for 
a 3-6-day period. The algae were harvested from the 
cultures by centrifugation at 3,000g and were washed 
once with a buffer (0-005 M magnesium sulphate, 
0-005 M potassium dihydrogen phosphate/dipotas- 
sium hydrogen phosphate, pH 7-0). The paste of cells 
was ground for 30 min, with 4—6 times its weight of 
‘Carborundum’ in a cold mortar and pestle. With 
600-mesh 'Carborundum' 40-60 per cent of the cells 
were broken. Additional operations were also carried 
out in the cold. The ‘Carborundum’ was separated at 
130g and washed four times with buffer. Intact 
cells, chloroplasts and large particulates were sedi- 
mented from the combined washes at 30,000g for 
15 min. The 30,000g supernatant solutions were 
spun for 1-4 hr. at 130,400g, and the resulting pellets 
were resuspended overnight in buffer and examined in 

a ‘Spinco’ Model E analytical ultracentrifuge at 4-6? C. 

A typical ultracentrifuge pattern from actively 
growing and photosynthesizing cells is shown in 
Fig. la. As with the pea seedling epicotyls*, the 
major component has a sedimentation coefficient of 








Fig. 1. 
of photosynthesizing Chlorella pyrenoidosa. 


Uitracentrifuge patterns of macromolecular constituents 
Numbers on pesks 
are sedimentation coefficients corrected to water at 20° C. 
130,400g pellet from 4:4 gm. of normally growing cells, after 


a, 2hr, 


8 min. at 59,780 r.p.m., bar angle of 40°; b, 2-hr. 130,4007 
pellet from 5-6 gm, of 3-day nitrogen-starve: cells, after 20 min: 
at 42,040 r.p.m., bar angle of 40° ^ 


15 S. The next slower peak, of sedimentation cooffi- 
cient 46-50 S, probably corresponds to the 58 S 
dissociation product of the 75 S pea seedling particle. 
Only in preparations from stationary phase algal 
cultures, or when ‘Carborundum’ of grit smaller than 
320 mesh was used as the grinding agent, did we 
observe another peak, 32-36 S, which may correspond 
to the second (38 S) dissociation product which 
Ts'o et al.^5? found in the pea seedlings. The 
18-20 S component appears to be the Fraction I 
protein which has been found in the extraets of all 
green plants’, The 3:3 S component corresponds 
to a protein fraction that has been observed in various 
microbes*. Small amounts of a 105-110 Speak, 
though not evident in Fig. la, were observed in our 
preparations from time to time. This appears to be 
analogous to the 105 S peak in the pea epicotyl 
preparations!.*. 

Although the 75 S and 46-50 S components were 
degraded when incubated overnight in the cold with 
pancreatic ribonuclease in the magnesium sulphate/ 
phosphate buffer, they were unaffected by pancreatic 
deoxyribonuclease. Overnight treatment with trypsin 
in the cold also largely degraded the 75 S organelles. 
In 0-01 M tris/0-005 M magnesium sulphate buffer, 
at pH 8:0, the 75 S component was stable for at least 
3 days in the cold, but was completely degraded at 
the end of 5 days. In 0:01 M sodium ethylene- 





tterns of faacromolecular constituents of 

Numbers on 

peaks are sedimentation coefficients corrected to water at 20° C. 

a, 2-hr. 130,400g pellet from 5-5 gm. of normally growing cells, 

after 22 min. at 42,040 r.p.m., bar angle of 50°; b, 2-hr. 

130,400g pellet from 6-6 gm. of 3-day nitrogen-starved cells, after 
18 min, at 42,040 r.p.m., bar angle of 50°. 


Fig.2. Ultracentrifuge 
chisrontyis leas Chlorella pyrenoidosa, strain @ 11. 
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diamine tetraacetate, at pH 7-0, it, was completely 
degraded after 7 hr. at room temperature. "These 
properties are similar to those of the pea seedling’ 
and yeast!* 75 S organelles. 

The high concentration of the slowly-sedimenting 
component (5:6-9.2 S) in prepatations from the 
chlorophyll-less mutant cells (Fig. 2) is the most 
striking difference from the normal photosynthesizing 
cell preparations. In this réspect the ultracentrifuge 
patterns of the mutant cell preparations resemble 
those obtained from yeast! and E. coli?, which also 
require an organie source of carbon, like glucose, in 
their growth media. 

Although Dagley and Sykes* found that the 40 S 
organelles of E. coli disappeared almost completely 
after the bacteria were incubated for 2 hr. on a 
nitrogen-free medium, Wolfe and Ashikawa! detected 
appreciable quantities of 80 S organelles in prepara- 
tions from yeast even after two days of nitrogen 
starvation. We could detect no significant decrease 
in the relative amount of the 75 S organelle from 
Chlorella after 24 hr. of nitrogen starvation, but after 
three days the size of the peak was drastically reduced 
(Figs. 16 and 2b). Marked reductions were also 
observed in the sizes of the other protein-containing 
peaks. On a dry-weight or per cell basis, three-day 
nitrogen-deficient cells contain only one-half as much 
nucleie acid and three-fourths as much protein as do 
normally growing cells ; and the base composition of 
the residual nucleic acid differs considerably from 
that of the normal cells*. Since the greatest loss of 
nucleie acid is from the centrifugal fraction (1 hr. at 
130,400g) that is primarily composed of the 75 S 
component in normally growing cells, it appears that 
loss of this component from the ultracentrifuge 
patterns in nitrogen-starved cells represents an actual 
loss of the functional 75 S organelles to the cells. 

The sharp, slowly sedimenting (5:6-8-2 S) spike in 
the ultracentrifuge patterns of the nitrogen-deficient 
cells (Figs. 1b and 2b) most probably is deoxyribo- 
nucleie acid. It alone disappeared from the patterns 
after the preparations were incubated overnight in 
the cold with deoxyribonuclease, and it was resistant 
to trypsin. Sedimentation coefficients of the peaks 
remaining in the preparation after deoxyribonuclease 
digestion increased significantly because of the lowered 
viscosity of the solution. 

After nitrogen-starved photosynthesizing cells are 
returned to the complete medium for 18 hr., the 
protein content is restored, but the ribonucleie acid 
content on a dry-weight basis is greater than that of 
normal cells. The base composition of the total 
nucleic acids is once more the same as that of normal 
cells’, Ultracentrifuge patterns from the 18-hr. 
nitrogen-restored photosynthesizing cells closely 
resemble the patterns from normal cells (Fig. la) ; 
but the ultracentrifuge patterns from the nitrogen- 
restored chlorophyll-less mutant cells again resemble 
those from proliferating yeast cells (Ashikawa, in 
ref. 1) more closely than they resemble the patterns 
from photosynthesizing Chlorella cells. These differ- 
ences between the two strains of cells probably reflect 
the metabolic changes produced by the loss of 
photosynthetic ability in the mutant cells, resulting 
in heterotrophic rather than autotrophic nutrition. 

We mify conclude that the number and kinds of 
macromolecular organelles in the Chlorella cell closely 
reflect the nutritive conditions under which the alga 
is grown; further, that the changes in the macro- 
molecular architecture of the alga may be correlated 


with marked changes in its chemical composition. 
x e 
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APPARENT OBSERVATION OF SOLAR Ci 
BY DIRECT CONTINUO 
& 


By Dr. JOHN D. KRAUS 
Radio Observatory, Ohio State University, Columbus 


L 


EGINNING at about 1.31 a.m. E.s.T. on the 
morning of April 15, 1959, several unique 
Doppler signals were recorded at the Ohio State 
Un iversity Radio Observatory which may possibly 
be due to the reflexion of continuous-wave signals 
from fast-moving solar corpuscular clouds passing 
in the vicinity of the Earth. The receiver in use at 
the time was a swept-frequeney type with its centre 
frequency on 15 Me./s. for the reception of WWYV 
(Washington, D.C.). The receiver had a 1-ke./s. band- 
width and was swept about twice a second over a 
frequeney-range of about 9 ke./s. (4:5 ke. above and 
below 15 Mc.) The receiving antenna was a hori- 
zontally polarized corner reflector of 1,360 sq. ft. 
physical aperture rotating in azimuth about 6 r.p.m. 
The receiver output modulated the z-axis of a cathode 
ray oscilloscope which was photographed on 35 mm. 
film moving about 2 em. per min., giving a display 
of frequency versus time with fiducial marks along 
the time axis to indicate when the antenna was 
pointed in a reference direction (approximately 
south). Except for the swept-frequency receiver and 
rotating directional antenna, the technique was the 
same continuous-wave reflexion method used at the 
WE Me Radio Observatory since December 1957 
for the tion of ionization induced by artificial 
Earth satellites'-*. The swept-frequency receiver had 
been added for the observations of any Doppler 
shifts of the reflected signals and the rotating antenna 
for the observation of the direction of signal arrival. 
Fig. 1 is a photograph of the swept-frequency 
record obtained with the above equipment between 
about 1.30 and 1.36 a.m. rE.s.T. on April 15, 1959. 


1.35 a.m. 
5 See a DRIP ] | 
P 
t 
i 
Fig. 1. 


extends transversely wit 
increases to the left. 





15 Mc./s. at the centre and 15 Me, minus 5 kc./s. at the top and 15 Me. 
The dots along the top of the film are the direction 
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PUSCULAR CLOUDS 
\VE REFLEXION 


, REED CRONE - 






Frequency extends transversely with 15 Moc./s. at the 
centre and 15 Mc. minus 5 ke./s. at the top and 15 Mc. 
plus 4 ke./s. at the bottom. The row of dots at the 
top of the film are the direction fiducial marks. The 
central heavy trace is the 15 Me./s. signal from WWV 
(andjor WWVH). 

Of particular interest on this record are the two- 
strong signals which sweep rapidly from high to 
low frequeney through the band of reception at 
1.31 and 1.34 a.m. The fact that they change from 
high to low frequency suggests that they might be 
Doppler shifted signals reflected from rapidly moving 
ionized clouds. Beginning about 1.45 a.m. many 
other apparent Doppler signals were recorded on the 
film until about 3.25 a.m., after which all such in- 
dications disappeared. All the signals after 1.45 a.m. 
differ from the two of Fig. 1 in that they persist 
much longer, have a periodic fluctuation of several 
kilocycles, and have a smaller maximum frequency 
deviation. Fig. 2 is a typical example of one of these 
signals recorded about 2.35 a.m. 

The signal at 1.31 a.m. has a rate of frequency- 
change of more than 400 c./s. per sec., and if it is a 
true Doppler reflexion of WW V must have a maximum 
frequency deviation of at least 20 ke. or several times 
as great as the receiver sweep-range. The signal at 
1.34 a.m. has a lower rate of change of frequency 
and also appears to be quite asymmetrical, having 
the appearance of a segment of a Doppler curve at 
à considerable frequency deviation from the original 
frequency. Thus, this signal might have been caused 
by a Doppler shift of another station transmitting 
on a frequency greater than 15 Mc./s. 


1.80 a.m. 


» 15 Me,/s. 


lus 4 ke./s. at the bottom. Time 
ducial marks 


varier ved record of Doppler signals recorded between 1.30 and 1.36 a.m. (E.S.T.) on April 15, 1959. Frequency 


" 


a.m. 


Frequency 


The limited. 
(9 ke./s.) pre 
maximum 


weep system 
nation of the 
owever, various 


considerations wi imum deviation 
between 20 and 80 k ies imply a velocity 
of the reflecting cloud | 200 and 800 km. 
per sec. 


It may be significant that about two days earlier 
a large solar flare occurred near the central meridian 
of the Sun. This flare reached its maximum about 
0900 v.r. on April 13, 1959, and was rated of import- 
ance 3 (highest rating) by the High Altitude Observa- 
tory of the University of Colorado*. Material ejected 
by this flare travelling at an average velocity of 
900 km. per sec. would have reached the vicinity of 
the Earth at about 1.30 a.m. (EÉ.s.r.) (0630 v.T.) on 
April 15, when the first Doppler signal was observed. 
An average velocity of 900 km. per sec. is not un- 
common for flare-ejected material, terrestrial mag- 
netic and other effects being observed typically about 
two days after large solar flares. Hence, the radio 
reflexions on April 15 could have occurred from 
ionized clouds forming part of corpuscular streams 
ejected from the Sun by the flare of April 13, 
the velocity at the time of the radio observations 
having decreased considerably below the average 
value. 

All the signals recorded between 1.45 a.m. and 
3.25 a.m., such as shown in Fig. 2, appear to have a 
Doppler spread of several kilocycles, with the later 
signals appearing to have a greater frequency dis- 
persion than the earlier ones. The signal in Fig. 2 
has a frequency spread or dispersion of at least 4 ke./s. 
They also appear to possess a periodic fluctuation 
around a more slowly varying average frequency. 
This fluctuation amounts to a couple of kilocycles 
and is suggestive of turbulence in the clouds. The 
maximum deviation of the average frequency for 
these signals is about 4 ke./s., which corresponds to a 
velocity of 40 km. per sec. Hence, these signals 
could be interpreted as due to reflexions from slower- 
moving turbulent clouds following in the wake of 
the high-velocity cloud recorded in Fig. 1, and 
apparently trapped in the Earth's magnetic field. 

A number of terrestrial phenomena occurred early 
on April 15 which also suggest the possible arrival 
of solar particles in the Earth's vicinity at that time. 
For example, the recordings of the Earth's magnetic 
field at the Magnetic Observatory at Agincourt, 
Ontario, Canada*, show fluctuations between 1.00 
and 2.00 a.m. 2.8.7. with little or no variations for 
the 3 hr. preceding 1.00 a.m. and the 5 hr. following 
2.00 a.m. The maximum increase in declination 
(east) amounts to about 22y with its highest values 
centred about 1.20 a.m., or 1l min. before the 
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first radio Doppler signal, compared to 
less than 6y maximum variation in the 
adjacent 8 hr. Of particular interest is 
the fact that the maximum declination 
variation is more than twice that of the 
T other field components. It may be 
] i5McJs significant in this connexion that an 
“es ign cloud travelling radially away from 
the Sun and passing near the northern 
hemisphere of the Earth would pro-- 
duee & change in the approximately 
east-west component of the Earth's 
field (declination) which would be larger 
than the in the other com- 
ponents (north and vertical) as: Observed 
at Agincourt. The fact that the de- 
clination increase was eastward implies a cloud with 
a net positive charge. 

The direction indications provided by the rotating 
receiving antenna indicate that the first Doppler 
signals (at 1.31 and 1.34 a.m.) were received from a 
generally north-western direction. This direction is 
consistent with that to be expected for clouds from 
the Sun passing by the Earth above the northern 
hemisphere, since as observed from Columbus clouds 
approaching from the Sun would be observed (in 
azimuth) to come from the north, The later Doppler 
signals (after 1.45 a.m.) show a direction of arrival 
which is also generally to the north with some appear- 
ing to begin toward the north-west and changing to 
a north-east or easterly bearing. 

It is of interest to calculate the distance of the 
ionized clouds at their point of near approach and 
also their radar cross-section. Based on a frequency 
deviation of at least 20 ke./s. (but not more than 
80 ke./s.) and a maximum rate of change of frequency 
of 410 c./s. per sec., a distance of at least 10,000 km. 
(but not more than 160,000 km.) is obtained for the 
initial cloud (Fig. 1). The calculated radar cross- 
section of this cloud is at least 100 sq. km. (but not 
more than about 5 x 10* times this value). For the 
later clouds, the maximum (average) frequency 
deviation is typically about 4 ke./s. and the maxi- 
mum rate of change of frequency about 75 c.[s. per 
sec. Hence, these clouds were about 2,000 km. 
distant at near approach and had radar cross-sections 
of about 0-2 sq. km. each. In order to reflect the 
15 Me./s. signals electron densities in the clouds of 
the order of 10% por cu.m. are required. From 
various considerations it appears that the clouds 
contained positive ions, electrons and perhaps neutral 
matter. T 

The above observations are suggestive of Doppler 
reflexions from solar corpuseular clouds. So far as we 
are aware, moving solar corpuscular clouds have not 
previously been detected by direct radio (or radar) 
techniques ; so if the interpretation of the results is 
correct this marks the first observation of its kind. ~ 

The work reported here was supported in part 
by the Army Rocket and Guided Missile Agency, 
U.S. Army Ordnance Missile Command, under 
Contract DA-33-019-ORD-2867 with the Ohio State 
University Research Foundation. 
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Br mention was made in a previous communi- 
cation’ of the way m which photon fluctuations 
have been studied m connexion with the performance 
of detectors of radiation, particularly for the mfra- 
red region The ability to detect small radiation 
signals despite the mevitable presence of noise in the 
device ıs called detectrvity — Milatz and van de 
Velden? were the first to recognize that a limit to the 
detectivity of a thermal detector 1s set by the spon- 
taneous fluctuations m temperature as given by the 
E:mstem—Fowler formula? 
a 2E 
jp | a) 


where Æ is the energy m the receiver, T! the absolute 
temperature and k the Boltzmann constant 

The mean square fluctuation An? m the density 
of photons m a temperature enclosure ıs (see ref 3) 


(2) 


where n ıs the mean density of photons, and N the 
density of Bose cells The first term m equation 2 
18 equal to the fluctuation An? = n ın a random set 
of classical particles havmg mean density n The 
second term 1s similarly identifiable with the fluctua- 
tion An? = n*/N m the squared amplitude m a random 
set of classical waves The total fluctuation can 
therefore be regarded as comprising a ‘classical 
particle’ part, n, and a ‘classical wave’ part, n?/N 

Lewis‘ used equation 2 to calculate the fluctuation 
in the energy exchanged by a black receiver with an 
isothermal cavity, and found the same lmut to the 
detectivity as had been derived by Milatz and van 
de Velden Clark Jones® showed that this agreement 
provides a means of using equation 1 to calculate 
the hmitimng detectivity of any radiation receiver m 
equilibrium with an isothermal enclosure, whatever 
may be 1ts spectral responsivity and whether or not 
its mechanism is thermal The result may be sum- 
marized by saying that in each small frequency- 
range the mean square fluctuation in the number m 
of photons affectmg a detector having quantum 
efficiency € 1s 


AH? = kT 





Ant =n + x 


Am? = m(1 * x) (3) 


where 
m = isenÁ 
n = N (exp hvjkT — 1) e. (5) 
N = 8nv°dv/c# (6) 


A is the effective surface area of the receiver, c the 
velocity of hght, v the wave frequency, and k fhe 
Planck constant. 


(4) 


These developments have led to an understanding 
that the detectivity of radiation receivers 1s subject 
to limitations which do not essentially depend on the 
particular mechanism (whether photo-emissive, photo- 
conductive, thermal or phase-coherent), but are 
determined by the extent to which its wave-length 
responsivity causes the detector to be susceptible 
to the fluctuations m the ambient thermal radiation. 
These photon-fluctuations became of practical mterest 
when it was found*’ that some of the best actual 
detectors of mfra-red radiation had detectrvities 
close to the limit set by equation 3 In the Rayleigh- 
Jeans approximation v — 0, equation 3 also represents 
the ordinary Johnson noise m the radiation resistance 
of an antenna‘ 

Photon fluctuations have acquired renewed interest 
with the demonstration® that partial coherence of 
visible hght can be measured by means of the correla- 
tion between fluctuations m the photocurrents m 
two photocells The experiments have occasioned 
some surprise, and ib has even been suggested that 
non-zero correlation would be contrary to funda- 
mental quantum notions On general correspondence 
principle grounds, however, the properties of radiation 
which admittedly make fluctuation interferometry 
possible in the radio region?!^ cannot just disappear 
at optical wave-lengths , there must be some gradual 
transition through the infia-red Correlation between 
the signals from two coherently illuminated cells 
arises from the ‘wave’ fluctuations, and provides 
the only means so far known of investigating this 
component experimentally for visible light. The 
‘particle’ fluctuations at the two cells are mutually 
uncorrelated, and act as noise tending to mask the 
effect which it 1s desired to measure The familar 
transition (equation 3) in the infra-red from the 
predominance of ‘wave’ noise to that of ‘particle’ 
noise as the wave-length shortens makes it clear! 
that the ‘wave’ component 1s indeed always present, 
but that ıt becomes increasingly smothered by the 
‘particle’ noise as the optical region is approached, 
so that a refined method 1s needed to measure ıb 

A difficulty remained, howeveriiu Hanbury 
Brown and Twiss developed a theory of the fluctua- 
tion in the output of a photocell which was based 
on the analysis of the detailed interaction between the 
photoelectrons and the radiation field It gives 
results consistent with the picture that photons 
‘arrive’ at random, subject to the probability of 
‘arrival?’ bemg proportional to the mstantaneous 
value of the square of the classical electric vector 
of the ineident radiation A statistical approach of 
this kind had been abandoned in earlier work on 
fluctuations affecting radiation detectors because 
of the apparent difficulty of making the arguments 
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rigorous!? The predictions of this theory are m 
agreement with the correlation found experimentally 
by Hanbury Brown and Twiss in the fluctuation 
interferometer Apphed to the fluctuation m the 
radiation exchanged by a recerver with an isothermal 
enclosure, however, the theory apparently gives 


Am? = m e + x (3a). 
where e 18 the emissivity of the receiver The ‘wave’ 


noise in this equation is smaller by a factor e than 
that given by equation 3 If equation 3a were correct 
under these conditions, the fluctuation temperature 
of a grey body m thermal equilibrium with a cavity 
would not be the same as the temperature of the 
cavity A heat engine could then be arranged to 
work between the body and the cavity so as to give 
mechanical work m a perpetuum mobile of the second 
kind! This may be regarded as unacceptable, 
either because it contradicts the second law of 
thermodynamics, or because ıt conflicts with miero- 
scopic reversibility 

It ıs central to the problem that any conflict 
between equations 3 and 3a can refer only to the 
behaviour m an isothermal enclosure, smce although 
the derivation of equation 3a was believed to be quite 
general, the arguments leading to equation 3 expheitly 
assumed thermodynamic equilibrium It has been 
pointed out!,3 that for this reason no unambiguous 
induction had been made from equation 3 to condi- 
tions outside a cavity This, meidentally, logically 
disposes of the assertion sometimes made that 
fluctuation mterferometry outside a cavity 1s able to 
decide directly the correctness of equation 3 

In considermg how the difficulty can be resolved, 
ib now seems clear that a number of the objections 
to the thermodynamic approach originally put for- 
ward by Hanbury Brown and Twiss are mvalid 
Thus 16 1s not correct that detailed balancing ın aged 
systems apples only to the energy flow itself and 
not to the fluctuations, as this would imply that 
microscopic reversibility did not hold, a consequence 
for which there ıs no justification Furthermore, the 
non-hnear relation between the loss of heat from a 
thermal detector and its temperature does not 
significantly affect the derivation used by Jones and 
Fellgett The significant non-lmearity 1s the square- 
law relation between the mean photon-rate and the 
amplitude of the classical electromagnetic wave, 
which imphes that the fluctuation in the sum of two 
radiation streams is not generally equal to the sum 
of the fluctuations in the two separate streams 
This non-additive property corresponds to the 
‘bunching’ of photons im Bose—Einstem statistics, 
and 1s represented classically by ‘beats’ between the 
component wave-amplitudes The general statistical- 
thermodynamic considerations on which the deviation 
of Jones and Fellgett 1s based moelude such effects 
automatically , they do not have to be taken mto 
account explicitly, as they would, of course, m a 
derivation based on consideration of the detailed 
mechanism of exchange of radiation 

On the other hand, Jones* and Fellgett*, in assessmg 
the fundamental noie-level im radiation detectors 
exposed to room temperature radiation, had 
attempted to melude, as well as detectors m equih- 
brium, detectors m which ‘active’ radiation is sup- 
pressed either by cooling, as in superconducting 
bolometers or lead-compound photoconductive cells, 
or by applying an electric field to a photocell , ‘active’ 
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radiation here means radiation-emitting transitions 
which cause a change m the output of the device, for 
example, the radiative return of an electron to the 
conduction band in a photoconductive cell To 
cover such cases, Jones and Fellgett assumed that 
the fluctuation given. by equation 3 could be expressed. 
as the sum of two independent terms, one associated 
with the radiation absorbed and the other with that 
emitted, so that only the part thus ascribed to the 
incident radiation would contribute to the fluctua- 
tions in the outputs of strongly cooled detectors or of 
photoemussive cells with voltage applied Since the 
derivation of equation 3 assumes equilibrium, this 
extension of the use of the equation could be justified 
only by additional physical considerations, which 
they attempted to supply 

It now appears that this procedure 1s wrong, not 
only quantitatively but also conceptually, because ıt 
fails to take account of the possible mteraction 
between the radiation meident on the detector and 
that radiated by ıt, and so assumes falsely that the 
noise in these two streams behaves additively 
Moreover, the recognition of this mteraction enables 
the fluctuation theory developed by Hanbury Brown 
and Twiss to be applied to the exchange of radiation 
in a cavity m a way which agrees with thermo- 
dynam1es 

To illustrate this m a special ease, consider the 
exchange of radiation between two cavities at 
temperatures T' , and T, separated by a non-absorbing 
semi-refleetimg murror having energy transmission 
e and reflectivity 1 — € Let Æ, be the modulus of 
the electric vector corresponding to the radiation 
emitted by the 7',-region and meident at a pomt of 
the mirror, and E, 4/(1 — £) the electric vector corre- 
sponding to the radiation reflected back towards the 
T. region Sumuilerly, let Æ, be the modulus of the 
electric vector corresponding to the radiation emitted 
by the T',-region towards the T,-region Since there 
1s no coherent phase relation between E, and E,, 
the field correspondmg to the radiation transmitted 
by the mirror mto the T',-region ean be represented 
without loss of generality by the vector E,4/c 
Then the difference between the rate at which energy 
is absorbed and emitted by the 7',-region aecordmg 
to classical wave theory 1s proportional to 


Ey (E, /(1— £) + E, ye) 
= ¢(H#,? — E,?) — 2E,H, v/(s(1 = g)) 
The mean square deviation of this quantity from its 
mean value s(Z,? — E,?) 1s 
e*((E,? — Eyyty + e4(E,? — E,2)}ay am me 
4-(1— s) #2 E, 


under the condition E,E, — 0 If E,E, have 
Gaussian probability distribution, {(#? — E*)9), = 
2(#*)2 and the expression reduces to 





2(e37,? + 2e(1 — e)l, + 83,2) (7) 


where J, —.E,?, I, = E,* The fluctuation m the 
radiation exchanged through a finite area of the 
murror 1$ equal to the product of this expression with 
a factor which can be evaluated m the usual way by 
considering the variation of the coherence m space 
and time 

The T,-region and the mirror can together be 
regarded as constitutmg a body with emissivity € 
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exchanging radiation with the T -regon For 
example, 16 may represent a detector made of a 
material which absorbs all the radiation entering its 
substance but which has a dielectric constant differmg 
from that of 1ts surroundings so that partial reflexion 
occurs at its surface If 2, = T',, the average ener- 
gies I, and I, radiated by the T,- and T -regions are 
equal, and the expression 7 reduces to 4cÍ? The 
mean square fluctuation 1s therefore proportional to 
g, and this accords with the form of the wave-noise 
term Am? = mn/N in equation 3 (since m contains 
t as a factor, see equation 4) By contrast, if T œ 
T. I, can be neglected and expression 7 tends to 
2e?72 This shows that the mean square fluctuation 
now varies as s? m accordance with the wave term 
Am? = emn|N in equation 3a 

For a detector conforming to this model, the 
previous difficulties have now been resolved Equa- 
tion 3a 1s seen to be correct under the conditions of 
the experrments made by Hanbury Brown and Twiss, 
namely, when the emitted radiation field 18 effectively 
zero , but not for detectors which are hot enough to 
radiate appreciably Equation 3 ıs correct when 
applied to the exchange of radiation between a 
cavity and a detector m equilibrium , but not with 
the extended interpretation ascribed to 1t by Jones 
and Fellgett In reaching these conclusions, ıb has 
been necessary to consider not only mteraction 
between the absorbed and the emitted radiation, but 
also 1nteraetions involving both the reflected radiation 
and that radiation which is regarded as ‘virtually 
emitted’ if we consider the detector as an assembly 
of classical or quantized oscillators 

It is not certam that the model ıs completely 
general The discussion given above is purely classi- 
cal-wave, and a quantum-mechanical approach is 
needed in which stimulated emission replaces the 
classical wave-interference effects This method will 
automatically include a ‘particle’ term as well as the 
‘wave’ term, and may show what happens when there 
are competing mechanisms of absorption of radiation, 
one of which is ‘active’ in producing output from the 
cell whereas the others are not 

Despite these limitations, 16b seems very plausible 
(to put 16 no higher) that equation 3 18 correct gener- 
ally when the detector 1s at the temperature of the 
radiation field ın which ıt ıs placed , and that equation 
3a becomes true mn the limit when the detector 1s too 
cool to radiate appreciably The effect of these 
conclusions on the calculation of the limiting detec- 
tivity of radiation detectors remains to be investigated 
in detail 

It now appears, therefore, that the discrepancy, 
which was pomted out in earher publications, between 
the fluctuation formula derived by Jones and Fellgett 
on one hand, and by Hanbury Brawn and Twiss on 
the other, was real and that ıt showed limitations in 
both methods of calculation as they were then 
conceived The two formule have now been recon- 
ciled, and each found to be correct m the circum- 
stances for which 1t was originally derived, by taking 
account of the mteraction between the incident, 
emitted and reflected radiation streams, the relevance 
of which had not previously been appreciated 
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By Da C. W. McCOMBIE 
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Aberdeen 

Two contradictory views on the fluctuations in the 
absorption and emission of photons by matter have 
been discussed m recent papers'-*. Both views agree 
that the mean square fluctuation, ANS, in the 
number N of photons m a small frequency-range 
absorbed or emitted m unit time by a black body 
will exceed the value N, appropriate to Poisson 
fluctuations, by a factor 1 + ñ here ñ 1s the mean 
number of photons in one of the electromagnetic modes 
concerned and ıs given by {exp(hv/k7') — 1} 
The disagreement arises when the body absorbs 
unperfectly According to one view! 55, the fluctua- 
tions m the number of photons absorbed (or emitted) 
will exceed Poisson fluctuations by the factor 1 + a, 
no matter how small the fraction of meident photons 
absorbed This opmion claims support from the 
quasithermodynamic type of argument, given by 
Clark Jones! and by Fellgett*, and generally used to 
establish the ultimate sensitivity limits for radiation 
detectors The other wview?? maintams that the 
random selection of photons for absorption tends to 
make the fluctuations approach a Poisson distribu- 
tion more precisely, the factor 1 + ñ% 1s reduced 
to 1 + eñ, where e 1s the absorptivity This second 
view 1s supported by detailed calculations?’ con- 
cerned primarily with the photon correlation experi- 
ments of Hanbury Brown and Twiss’ 

In this communication the quasithermodynamic 
approach will be apphed to a particular model 
The results agree with the detailed calculations m 
supporting the second pomt of view, and for this 
model, at least, the conflict 1s resolved The agree- 
ment depends on takmg account of the fact that, 
because of stimulated emission, the radiation emitted 
by matter depends ın general on the radiation field 
into which i6 radiates the mean rate at which an 
atom radiates mto an electromagnetic mode 1s 
proportional to 1+ A (ef MHeitler*) This effect 
must be allowed for whenever, as m the disagreement 
under discussion, 1 + ñ 1s distinguished from unity 
The results also agree with the standard formula 
for the ultimate sensitivity limit of radiation detectors 
derived by Clark Jones and Fellgett, although, as 
mentioned, i$ has been claimed that this formula 
supports the first view This claim depends on the 
assumption that the mean rate at which the detector 
absorbs radiation from a black body radiation field 
with which it 1s m equilibrium can be equated to the 
absorptivity multiplied by the rate of incidence of 
the black body radiation on the detector: it will 
emerge that, because of stimulated emission effects, 
this equality does not hold for the model to be 
considered here 

In the quasithermodynarhic approach the system 
concerned ıs characterized by the coefficient a, 
where « AT! is the rate of loss of heat from the system 
when its temperature exceeds that of the surround- 
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ings by AT The basic result used is the followmg 
analogue of Nyquist’s theorem when the systém and 
ils surroundings are both at temperature T, the 
mean square fluctuation m the energy absorbed or 
emitted in unit tıme by the system ın thermal 
exchange with its surroundings ıs «kT? This result 
reduces the calculation of the magnitude of the 
fluctuations to the calculation of « 

The importance of considering stimulated emission 
ean be seen very simply by considering the fluctua- 
tions for a set of very weakly absorbing and emittmg 
atoms The photon absorption-rate will equal a 
constant 97, depending on the number, nature and 
temperature of the atoms, multiplied by ñ, the mean 
number of photons ın an electromagnetic mode in the 
(small) range of frequencies absorbed by the atom 
To determine «, we suppose the surroundings at 
temperature T and the atoms at temperature T' + 
AT Since the atoms radiate and absorb weakly, 
ñ will have the value ñr appropriate to the tempera- 
ture of the smroundmgs. The rate of absorption of 
photons will be 07 + av Ar and, with neglect of stimu- 
lated emussion effects, the rate of emission would 
equal that of atoms m equilibrium with radiation at 
T + AT, which must equal the rate of absorption 
from this radiation, that is, Üp LAT Vp. AT But 
because the atoms are actually radiating into radia- 
tion at temperature T', nob T + AT, and for a given 
state of the emitter the radiation 1s proportional to 
1+ ñ, the rate of emission must be modified to 
Omar feeAT(l + Ar) + Amar) Substitution 
of the resulting value (note that d&/dT can be written 
A (l-FA) ho[kT*) of « m the quasi-thermodynamic 
result gives ôr Ar for AN? This represents Poisson 
fluctuations, m agreement with the second view, 
since the absorption 1s small Neglect of stimulated 
emission mtroduces an extra factor 1 + ñ, lending 
spurious support to the first view 

The mam model to be considéred here consists of a 
large cavity filled with a tenuous gas of atoms which 
absorb only in a small frequency-range around v at 
a rate agam specified by 87. the walls are perfectly 
reflecting apart from a small opening, of area A, 
to the outside Radiation, which enters the cavity 
from the outside and re-emerges after bemg reflected 
around but nob absorbed by an atom, 1s to be regarded 
as scattered Thus the model can be adjusted to 
represent arbitrary € 

To determine « and e for the model, ıt 1s necessary 
to consider non-equilibrium situations m which 
finc , the number of photons per mode m the radiation 
meident on the aperture from the outside, differs 
from the value ñr appropriate to the temperature 
of the atoms The number of photons per mode in 
the cavity will then differ from är , ıt will be supposed, 
however, that ñ has the same value, denoted by ñe, 
for all modes of frequency v m the cavity The value 
of fic 18 fixed by the energy balance requirement 
that the net rate of emission of photons through the 
aperture, (fic — func )p, where 1s a constant fixed 
by A and v, must equal the net rate of emission of 
photons by the atoms, so that 


(fic — fünc)e = Or fur(1 + ñe) (l + Ar) — OF ñe (1) 
where stimulated emission effects have been treated 
as before 

In order to determmg « the surroundings are 
supposed at temperature T', so that fing 1s AT, and 
the atoms at temperature T + AT Tho net rate of 
energy loss ọẹ(ñe — AT), evaluated to the first order 
m AT, gives « The prelimmary determmation of 
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fic follows from (1) with Ame and T replaced by ar 
and T + AT The quasithermodynamic result then 
gives 


_ okt? — Oro(l + fm) (2) 

(hv)? Or + (1 + f) 

Because of strmulated emission, ey, which can be 
regarded either as the emissivity or the absorptivity, 
must be defined rather precisely, but the appropriate 
operational definitions are clear As the emissivity, 
er would be determined by letting the system, with 
the atoms at temperature T', radiate ın the absence of 
incident radiation, and taking the ratio of the 
emitted radiation fc to that from a black body of the 
same area and temperature, namely, oT As the 
absorptivity, er, would be found by mereasmg the 
incident radiation slightly above its equilibrium 
value, so that fine exceeds c, and takmg the ratio 
of the net rate of absorption of radiation, (fine — fic)o, 
to the extra rate of meidence, (fine — fr)¢, the values 
of ñe in the two cases are easily determined from 
equation 1 The results for er agree, bemg given by . 


AN? 





on 

ep = = 
T = 6rd oll + Ar) » 
Nm ıs the mean flux of photons which, when system 
and surroundings are at temperature T, proceed from 
atoms of the gas to the outside without intervenmg 
absorption, as distinct from (a) photons which enter 
and leave without absorption, or (b) those which are 
emitted by an atom and absorbed by an atom without 
leaving the cavity Only a fraction o/(Ür + o) of 
the radiation emitted by an atom will escape, the 
rest bemg re-absorbed The atoms will radiate at the 


rate Opr Consequently 
-— 6 ti 
No — por fe 4 
T= ar F P (e 


It may be noted that Nr exceeds sow, the rate of 
emission in the absence of mcident radiation The 
ratio of the two, (1  fu)/(l + ñr), is just the 
stimulated emussion factor corresponding to the 
different values of fic 


According to equations 2, 3 and 4, AN? can be 
expressed in two algebraically equivalent forms 


AN? = egfip(1 + ñr) (5) 
= Nr(1 + ear) 

The first form 1eproduces the result used m the 
theory of the ultimate lımıt of radiation detectors 
The second exhibits for this model the complete 
agreement between the results of the quasithermo- 
dynamie discussion and the results of the detailed 
approach of Hanbury Brown and Twiss 

I am indebted to my colleagues, Drs E W Elcock 
and P T Landsberg, for ther comments on this 
communication, and to Dr P B Fellgett for corre- 
spondence on prelimmary versions of this and 
the preceding communication by Fellgett, Clark 
Jones and Twiss 


1 Felgett, P B, Nature, 179, 056 (1957) 

2 Twiss, R W , and Hanbury Brown, R , Nature, 179, 1129 (1957) 

s Hanbury Brown, R , and Twiss, R Q , Proc Roy Soc , A, 242, 300 

‘Fellgett,P B,J Opt Soc Amer , 89, 970 (1949) 

*McCombie, © W, “Rep Progr Phys”, 16, 266 (1953) 

* Jones, Clark, J Opt Soc Amer , 87, 879 (1947) 

7Purcell, E M. , Nature, 178, 1449 (1956) Sulhtto, R M , wd , 179, 
1127 (1957) Mandel, L ,Proc Phys Soc ,72,1037 (1058) Kahn, 
F D , Optica Acta, 5, 93 (1958) Hanbury Brown, R , and Twiss, 
R Q,Proe Roy Soc, A, 248, 291 (1958) 


* Mestler, W , “The Quantum Theory of Radiation”, 3rd edit (Claren- 
don Press, Oxford, 1954) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the publi) 


Monday, November 16 


SOCILTY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgiave 
Square, London, S8 W 1), at 9 30 a m —Symposium on “Pyrethrum” 


Tuesday, November [7 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, 
London, E 1),at 1 30 p m —Prof C P Whittingham “The Challenge 
of Biology” 


INSTITUTION OF  ELEOTRIOAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W C 2), at 530 pm — 
Discussion on “Sequence Networks versus Summation Transformeis 
for the Derivation of Single Quantities for Protective Relaying”, 
opened by Mr C Adamson and Dr E A Talkhan 


RESEARCH DEFENCE SOCIETY (in the Physiology Lecture Theatie, 
University College, Gower Street, London, WC 1), at 530 pm — 
Prof Su Solly Zuckerman, CB, ERS ‘The Inevitability of Science” 
(Twenty-eighth Stephen Paget Memonal Lecture) 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1), at 
530 pm—Dr C E Dalgliesh ‘Biochemical Aspects of Disoiders 
of Aminoacid Metabolism” (Tenth of fifteen lectures on “The scien- 
tific Basis of Medicine” organized by the British Postgraduate Medical 
Federation Further lectures on November 19, December 1, 3, 8, 10 )* 


INSTITUTE OF PHYSIOS (at 47 Belgrave Square, London, 8 W 1), 
at 6 pm —Dr L F Boyd “Some Techniques and Results of 
Space Exploration” 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 
Wi),at ?pm—Dr J A Sheichff ‘“Magnetogasdynamics” 


Wednesday, November 18 


INSTITUTE OF METAL FINISHING (in the Recital Room of the Royal 
Festival Hall, London, S E 1) at 9 30 a m —Symposium on “Progress 
in Polishing” 


BRITISH INSTITUT ON OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, WC 1), at 3 pm and 6 pm —Half-day Symposium on 
“Electronic Digitizing Techniques" 


.. ROYAL GHOGRAPHIOAL SoOIETY (at 1 Kensington Gore, London 
-S W7), at 5pm —Prof M E L Mallowan and Mi David Oates 
“Fort Shalmaneser, Nimrud” 


ROYAL METFOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
5 W7),at5pm—Dr G B Tucker “Mean Meriodional Onculations 
im the Atmosphere", Piof H Riehl “Exchange of Heat, Moisture 
and Momentum between Hurricane Ella (1958) and Its Environment” 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SEOTION (at 
Savoy Place, London, W C 2), at 530 pm —Dr J S Forrest, Mi 
P J Lambeth and Mr D F Oakeshott ‘Research on the Perform- 
ance of High-Voltage Insulators in Polluted Atmospheres” 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR PANEL (at 1 
Budeage Walk, Westminster, London, $ W 1), at 6 p m —Discussion 
on “To What Extent Should Design Wait on Research for Nuclear 
Power Plant °” 


Wednesday, November 18—Wednesday, December 2 
4. BUILDING EXHIBITION (at Olympia, London) * 


Thursday, November 19 


UNIVERSITY COLLEGE (in the Anatomy Theatie, Gowei street, 
London, W C1), at 115 pm —Dr M Mary Douglas “The Abom- 
inations of Leviticus XI (an Anthropologist’s Interpretation)” * 


ROYAL SoorgTY (at Burlington House, Piccadilly, London, W 1) 
at 4 30 p m —bpecial General Meeting to consider the Annual Report 
of the Council, followed by Scientific Papers 


INSTITUTION OF NAVAL ARCHITECTS (at 10 Upper Belgrave Street 
London, S W1),at445pm—Mr P R Crewe and Mr W J Eggm- 
ton ‘The Hovercraft—a New Concept in Maritime Transport” 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piceadilly, London, W 1), at 5 pm— 
Mr A Willams “Use of High Tension Separation in Dressing 
Jig Concentrate from Decomposed Columbite-Bearmg Graniti 
Piette Mr M L Fitzgerald ‘‘Metallurgical Accounting and 

onirol" 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical 
Society, Burlington House, Piccadilly London, W1) at 5 pm- 
Annual General Meeting Prof H Davenport “Some Recent Pro- 


gress in Analytic Number Theory” (Presidential Address) 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place “London 
Wi1),at 6pm—Mr W P smith “Some Recent Progress in Au 
Survey with special reference to Newly Developed Territories” (Fif- 
teenth British Commonwealth Lecture) 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S W 1), at 6 pm- Ik 
H F W Taylor “Aspects of the Ciystal Stiuctmes of Calaum 
Silicates and Aluminates" 
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Thursday, November 19—Friday, November 20 


PLASTICS INSTITUTE (at the Royal Institute of British Architects 
66 Portland Place, London, W 1)—Conference on “The Influence of 
Plastics in Building” 


Friday, November 20 


, BRITISH PSYCHOLOGICAL SOCIETY, OCCUPATIONAL PSYCHOLOG) 

SECTION (ın the Department of Psychology, Birkbeck College, Malet 

Street, London, W C 1), at 1 pm—Dr John C Webster (US A ) 

Making Yourself Heard” 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, S W 7), at 515 pm —Mr C M Cade 
' Radiometry, Radio-Astronomy and Infra-red Techniques” 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION DISCUSSION 
CIRCLE (at Savoy Place, London, W C 2) at 6 p m —Discussion on 
eon Ordinary National Certificate a New Look", opened bv Mr T 
Siklos 


, INSTITUTION OF ELECTRICAL KNGINELRS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place London, W C2), at 630 pm — 
Waddon Plastic. Cables in the Telecommunications 


a Y 


Industry" 


ROYAL INSTITUTION (at 21 Albemaile Street, London, W 1), at 
9 p m.—Sir Lawrence Biagg, F RS ‘Atoms and Molecules” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT LEOTURER or LECTURER IN THE DEPARTMENT Ok 
PHILOSOPHY— The Registrar Uni ersity College of Wales, Aberystwyth 
(November 14) 

LECTURER (with a good degree in biochemistry) IN ENDOCRINE 
BIOCHEMISTRY, to undertake research into the endocrine aspects of 
carcinoma in human patients in the University Endocrine Unit at 
the Liverpool Radium Institute—The Registrar, The University, 
liverpool 3 (November 14) 

LECTURER (preferably with a vetermary qualification) IN PHARW- 
ACOLOGY IN THE SCHOOL OF VETERINARY MEDICINE—The Registrar, 
Timity College, Dublin (November 16) 

JOSEPH LUCAS STUDENT (with a good honours degree1n some branch 
of engineering, physics or chemistry, and prepared to work for a 
higher degree), for research into the initiation of explosion in gases 
vapours and powder clouds, or into the mixing of powdered materials 
~The Registrar, King’s College (University of London), Strand, 
London, W C 2 (November 20) 

HEAD (with suitable experience and superior attainments 1n chemical 
research and analysis, and the ability to organize, lead and inspire a 
large scientific staff) OF THE GOVERNMENT CHEMIST’s LABORATORY, 
London—The Civil Service Commission, 17 North Audley Street, 
London, W 1, quoting Ref No S 5041/59 (November 24) 

GRANADA RESEARCH CHAIR IN COMMUNICATION—The Registrar, 
University College of North Staffordshire, Keele, Staffs (November 30) 

LECTURER IN ORGANIO CHEMISTRY at the University of Melbourne, 
Austraha—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C1 (November 30) 

LECTURER IN PHYSICAL METALLURGY at the University of Queens- 
land, Australa—The Secretary, Association of Universities of the 
er Commonwealth, 36 Gordon Square, London, W € 1 (Novem- 
ber 

ASSISTANT LECTURER or LECTURER IN MATHEMATICS—The Regis- 
trar, University College of South Wales and Monmouthshire, Cathays 
Park, Cardiff (December 1) 

LECTURER (preferably with an interest in algae and fungi) IN THE 
DEPARTMENT OF BOTANY, University of Natal, South Africa—The 
Secretary, Association of Universities of the British Commonwealth 
36 Gordon Square, London, W C 1 (December 4) 

SENIOR LECTURER IN PURE MATHEMATICS—The Secretary The 
Queen's University, Belfast (December 5) 

SENIOR LECTURER 01 READER (senior theoretical astrophysicist) à 
Puysics ın the Theoretical Group of the School of Physics, University 
of Sydney, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London WC1 
(December 5) 

LECTURER and a SENIOR LECTURER IN APPLIED MATHEMATICS at 
the University of Sydney, Australia—The Secretary, Association of 
Universities of the British Commonwealth, 86 Gordon Square, London, 
Ww € 1 (December 7) 

LECTURER OT ASSISTANT LECTURER IN MATHEMATIOS at the Univer- 
sity College of the West Indies- The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London 
WC 1 (December 10) 

PROrESSOR OF PHYSICAL CHEMISTRY at the University of Natal 
South Africa—The Secretary Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W C 1 (December 11) 

CHAIR OF MECHANICAL ENGINEERING—The Registrar, University 
College of South Wales and Monmouthshire, Cathays Park, Cardiff 
(December 12) 

GRADUATE to carry out a field and laboratory research programme 
IN CROP PHYSIOLOGY —Professor of Agricultural Botany, The Uni- 
versity Reading, Berks (December 15) 

LECTURER IV Ss ystonogy at the University of Queensland Aus- 
tiala—The Secretary, Association of Universities of the British 
Commonwealth 36 Gordon Square London, W C 1 (December 15) 

RESEARCH FELLOW IN THE DEPARTMENT OF RADIODIAGNOSIS — 
The Registrar Tre University, Leeds 2 (December 19) 

ASSOCIATE PROFESSOR (university graduate with qualifications and 
considerable experience mn some branch of the technology of wool 
production or wool commerce o1 1ural extension, and interested 1n the 
application of science to the practical problems of the sheep and wool 
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industry) IN Em un at the University of New South 


Wales, Australia—The Agent-General for New South Wales, 56-57 
Strand, London, W C2, and the Bursar, The University of New 
South Wales, Box 1, Post Office, Kensington, New South Wales, 
Austraha, marking envelope “University Appointment” (December 21) 

SAVILIAN PROFESSOR OF ASTRONOMY—The Registrar, University 
Registry, Oxford (December 24) 

ENTOMOLOGIST, Grade C (with a good honours degree in entomology 
(zoology), and with a particular interest ın biological control woik)— 
The Director, Commonwealth Institute of Biological Control, Science 
Bulding, Carling Avenue, Ottawa, Ontario, Canada (December 31) 

AGRICULTURAL DEVELOPMENT OFFICER (aged 25-40, with consider- 
able experience 1n arid/tropical agriculture based on well and flood 
urigation) with the Aden Government—The Crown Agents, 4 Mill- 
bank, London, S W 1, quoting Ref M 3A 5857/T A 

BIOCHEMIST, Basic Grade (graduate in chemistry, or Associate or 
Graduate Member of the Royal Institute) IN THE DEPARTMENT OF 
PatHonoay—The Group Secretary, Queen Ehzabeth Hospital for 
Children, Hackney Road, London, E 2 

SENIOR SCIENTIFIC OFFICER (with an honours degree i zoology, 
with postgraduate experience in entomology) at the West African 
Stored Products Research Unit, Federation of Nigeria, to undertake 
original investigations into problems associated with storedefood- 
stuffs in Nigeria, and evolve methods of improving quality and re- 
ducing losses, with particular reference to losses caused by insect 
infestation—The Director of Recruitment, Colonial Office, London, 
SW 1, quoting BCD 153/14/019/T 

SPECIALIST or SENIOR SPECIALIST OFFICER, PLANT PATHOLOGIST 
(with a good honours degree in botany and at least two years post- 
graduate training or experience) in the Northern Region of Nigeria, 
for general plant pathology investigations—The Director of Recruit- 
ment, Colonial Office, London, S W 1, quoting BCD 63/408/039/T 


REPORTS and other PUBLICATIONS 


(not included un the monthly Books Supplement) 


Great Britain and Ireland 


Northern Advisory Couneil for Further Education Twelfth Annual 
Report, 1958-1959 Pp 42  (Newcastle-upon-Iyne Northern 
Advisory Council for Further Education, 1959 ) 109 

Tenth Annual Report of the Wildfowl Trust, 1957-1958 Edited 
by Peter Scott and Hugh Boyd Pp 184—32 plates  (Slimbridge, 
Glos The Wildfowl Trust, 1959 ) 10s net 109 

Institution of Electrical Engineers  Mornograph No 334E The 
Gain of Travelhng-Wave Ferromagnetic.Amphfiers By Dr P J B 
ti ed Pp 9 (London Institution of Electrical Engineers, 


Plastws Today, No 1 (June, 1959) Pp 16 
Chemical Industries, Lid , 1959 ) 

Department of Scientific and Industrial Research Factory Building 
Studies No 3 Floor Finishes for Factories By Dr F C Harper and 
P Stone Pp v+10 (London HM Stationery Office, 1959 ) 
ls 9d net [109 

Philosophical Transactions of the Royal Society of London Series B 
Biological Sciences No 694, Vol 242 (4 September 19590) — Quanti- 
tative Studies on Tissue Transplantation Immunity 4 Induction 
of Tolerance on Newborn Mice and Studies on the Phenomenon of 
Runt Disease By È E Billingham and L Brent Pp 489-477+ 
plate 10 17s 6d No 695, Vol 242 (4 September 1959) The Growth 
in Weigbt and Tail Length of Inbred and Hybrid Mice Reared at Two 
Different Temperatures By G A Harrison R J Morton and J S 
Weiner Pp 479-516 12s (London Royal Society, 1959 ) [109 

West African Timber Borer Research Unit Technical Bulletin No 1 
The Major Insect Pests of Timber and Lumber in West Africa By 
T Jones Pp 20+15 plates 2s Technical Bulletin No 2 Ambrosia 
Beetles (Scolytoidea)—Their Biology: and Control in West Africa By 
T Jones Pp 14--8 plates 2s (London Crown Agents for Oversea 
Governments and Administrations, 1959 ) "S [109 

Department of Scientific and Industrial Research Scientific Re- 


(London Imperial 


search in British Universities, 1958-1959 Pp x1+446 (London 
HM Stationery Office, 1959 ) 25s net [109 
Bulletin of the British Museum (Natural History) Entomology 


Vol 8,No 1 Check-List and Keys to the Families and Subfamuilies of 
the Hemiptera-Heteroptera By W E China and N C E Müller 
Pp 1-45 15s Vol 8, No 2 A New Subfamily, New Genera and 
New Species of Reduviidae (Hemiptera-Heteroptera) By N C 

Miller’ Pp 47-1174-plates 1-4 20s Vol 8, No 8 Additions to 
Descriptions on New Olethreutinae and Carposinidae in the British 
Museum (Natural History) By A Diakonoff Pp 119-126+plates 
5-10 8s Vol 8, No 4 A Revision of the Termites of the Genus 
Amiuermes from the Ethiopian Region (Isoptera, Termitidae, Amı- 
termitidac) By W A Sands Pp 127-156 10s (London British 
Museum (Natural History), 1959 ) [109 


Other Countries 


Tokyo Astronomical Observatory Astronomical Bulletin (Second 
Series) No 1183 (January 20,1959) Mendian Observation of Right 
Ascension of Equatorial Stars made with Repsold Transit Instrument 
Prehminary Results No 14 By K Tuz Pp 1215-1200 No 114 
(Apr1120, 1059) Meridian Observation of Right Ascension of Moon's 
limb made-with Repsold Transat Instrument “Report No 3 By 
K Tuziand K Nagane Pp 1291-1304 No 115 (April 20, 1959) 
Polar Tube Observations during 1958 By N Sekiguchi) and J Mat- 
sumoto Pp 1305-1308 No 1%% (June 5,1959) Meridian Observa- 
tion of Right Ascension of Equatorial Stars made with Repsold Transit 
Instrument Preliminary Results, No 14 By K Tuz Pp 1309- 
1358 (Tokyo Astronomical Observatory, 1959 ) [10 

Institut des Pares Nationaux. du Congo Belge Exploration des 
Pares Nationaux du Congo Belge, Mission J G  Baer-W Gerber 

Par Jean G Bae Pp 


(1958) Faseicule 1 Helmimnthes Parasites 
, T M 
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1634-8 planches Exploration du Pare National de la Garamba, 
Mission H de Saeger, en collaboration avec P Baert, G Demoulin, 
I Denisoff, J Martin, M Micha, A Noirfolise,P Schoemaker,G Trou- 
pin et J Verschuren (1949-1952)  Fascicule 11 Pselaphidae (Coleo- 
ptera Staphylinoidea) Par René Jeannel Pp 71 Exploration du 
Pare National Albert (Deuxième Série) Fascicule 10 Hemolymph 
of Curcurionidae and of Diptera By Charles Grégoire Pp 174-6 
plates (Bruxelles Institut des Parcs Nationaux du Congo Belge, 
10 


1959 ) 

Institut Royal Météorologique de Belgique Publications Série A 
No 10 Surle Comportement des Pluvionetres Par Dr L Poncelet 
Pp 58 No 11 Contribution à l'Étude du Probléme des Méthodes 
Actinométriques Par Roger Pastiels Pp 128 Publications Série B 
No 26 LeTempsen1958 ParDr H Sneyers Pp 48 Observations 


Ionospheriques, Station de Dourbes Mars 1968 Pp 20 (Uccle- 
Bruxelles Institut Royal Météorologique de Belgique, 1959 ) 109 
Connecticut Agricultural Experiment Station Bulletin 606 ols 


and Land Use—Hartford County, Connecticut By Alexander Ritchie 
and C L W Swanson Pp 36 Bulletin 607 Report on Inspection 
and Analyais of Commercial Fertilizers, 1957 By H J Fisher Pp 56 
Bulletin 608 Root Growth in Connecticut Tobacco Soils By Henry 
C de Roo Pp 36 Bulletin 609 60th Report on Food Products, and 
the 48th Report on Drug Products, 1955 By H J Fisher Pp 80 
Bulletin 610 Pollen Restoring Genes By D F Jones, H T Stinson, 
Jr,and U Khoo Pp 43 uleün 611 Selection of Physiologic 
Strains of Oncopelius and Its Relation to Insecticide Resistance By 
R L Beard Pp 45 Bulletin 612 Influence of Wet-Bulb Tempera- 
ture during Curing on Properties of Shade-Grown Tobacco By A Boyd 
Pack Pp 23 Bulletin 613 Fertilizing Connecticut Tobacco New 
Methods for New Needs By Henry © de Roo Pp 37 Bulletin 614 
Protecting Plantsfrom the Cold The Principlesand Benefits of Plastic 
Shelters By Paul E Waggoner Pp 36 Bulletin 615 Periodu 
Regression1n Biology and Climatology ByC I Bhss Pp 55 Bulletin 
616 Report on Inspection—Commercial Feeding Stuffs, 1957 By 
H J Fisher Pp 113 (New Haven,Conn Connecticut Agricultural 
Experiment Station, 1957 and 1958 ) 109 
Connecticut Agricultural Experiment Station Bulletin 617 61st 
Report on Food Products and the 49th Report on Drug Products, 
1956 By H J Fisher Pp 88 Bulletin618 Report on Inspection 
and Analysis of Commercial Tertilizers,1958 By H J Fisher Pp 72 
Bulletin 619 Laboratory Studies on House Fly Populations By R L 
Beard Pp 12 Bulletin 620 Eastern Hemlovk Seeds and Seedlings 
Response to Photoperiod and Temperature -By Jérry S Olson, F W 
Stearns and Hans Bienstaedt Pp 70 Bulletin 621 The Alfalfa 
Weevil By R J Quinton Pp 16 Bulletin 622 Digested Sewage 
Sludge for SoilImprovement By Herbert A Lunt Pp 30 Bulletin 
693 Nitrogen Sources for Connecticut Tobaceo—a Report on the 
Co-operative Tests of 1958 By Henry C deRoo Pp 12 Circular 203 
Control of Slugs, Sowbugs, Centipedes, and Millipedes in the Green- 
house and Garden By John-C Schread Pp 8 Circular 204 The 
Orange-Striped Oakworm By Jóhn C Schread’ Pp 8 Circular 205 
Eastern Hemlock Growth Cycle and Early Years By Jerry S Olson, 
F W Stearns and Hans Bienstaedt Pp 24 Circular 206 — Pod Gall 
of Honey Locust By John © Schread Pp 4 Circular 207 The 
Red Pine Scale By Charles © Doane Pp 7 (New Haven, Conn 
Connecticut Agricultural Experiment Station, 1958 and 1959 ) [109, 
CERN (European Organization for Nuclear Research The CERN“: 
Proton Synchroton (ist Part) By E Regenstreif Pp xu+226 
(CERN 59-290 ) (Geneva CERN, 1959 ) » [249 
South African Council for Scientific and Industrial Research 
National Nutrition Research Institute A Study of Princrples of Food 
Enrichment and Their Application to Food Policy in South Africa— 
(With Special Reference to the Use of Fish Flour for the Protem * 
Enrichment of Bread) Prepared by the National Nutrition Research 
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